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For the universe, which has never finished.



The energy of the universe is constant.
The entropy of the universe tends to a maximum.

Rudolf Clausius, 1865

Contradiction is the root of all motion and all life, and it
is only in so far as something contains a contradiction
within it that it moves, has an urge and activity.

G.W. F. Hegel, Science of Logic, 1816



Preface

This monograph began as an essay. It became a book because the argument,
when followed honestly, refused to stay small.

The central claim is one that a physicist would call heterodox, a mathemati-
cian might call obvious, and an economist might not recognize at all: energy is
not a primitive substance. It is a measure. Specifically, it measures the degree
to which a structured system fails to agree with itself—the failure of local rela-
tions to compose into global consistency under the constraints of finite causal
propagation.

That this idea appears independently in gauge theory, in elasticity, in general
relativity, and in the formal theory of computation is not a coincidence. It reflects
a deep structural pattern that cuts across domains: wherever things relate to
one another under causal constraints, contradiction accumulates, propagates,
and partially resolves. What physics calls energy is one name for the measurable
residue of that process.

The argument developed here proceeds in three broad movements. The
first movement is critical and phenomenological: it describes systems—
computational, economic, informational—where difficulty disappears at one
level only to accumulate elsewhere. This is the conservation of difficulty, and it
is observable in the real world before it is formalized. The second movement is
constructive and formal: it builds a minimal relational ontology in which energy,
dynamics, waves, dissipation, and entropy emerge as necessary consequences
of consistency requirements under finite propagation. The third movement is
integrative: it maps this framework onto existing physical theories, explores its
consequences for RSVP-style field descriptions, and examines what it implies for
cognition, artificial intelligence, and political economy.

Throughout, the ambition is not to replace existing physics but to reinterpret
its foundations from within. The wave equation is not discarded; it is rederived.
The energy functional is not abandoned; it is reread. What changes is the direc-
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tion of explanation—from field values to relational composability, from global
smoothing to local constraint propagation.

This work builds directly on The Mortality of Computation (Flyxion, February
2026), which established that computational difficulty is conserved under trans-
formation and that resolution always incurs thermodynamic cost. The present
monograph extends that result from computation to physics generally, and from
computation to economics and cognition. The invariant—difficulty is displaced,
not eliminated—turns out to be a physical law.

A note on formalism: themathematical content of this monograph is intended
to be precise but not inaccessible. Where definitions are introduced, they are
motivated by concrete examples before being abstracted. Where theorems are
stated, they are preceded by the physical intuition they formalize. The reader
willing to tolerate the notation will find, beneath it, the same structural argument
running throughout: things that cannot agree push back, and that pushing is
what we measure as energy.

Flyxion
March 19, 2026
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The Phenomenology of Disappearing
Difficulty
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Chapter 1

Introduction: Where Does Effort Go?

Things fall apart; the centre cannot hold.

W.B. Yeats, “The Second Coming”, 1919

1.1 The Smooth Surface and What It Conceals

Modern technical systems present a surface of extraordinary smoothness. In-
terfaces simplify. Abstractions compress. Algorithms produce outputs without
visible process. The user of a contemporary language model or financial deriva-
tive or cloud infrastructure encounters something that appears, at the level of
experience, nearly effortless: a question answered, a position opened, a compu-
tation returned.

R = (Φ, v, S)

Figure 1.1: The master glyph R = (Φ,v, S). Concentric contours represent the
scalar tension field Φ; tangential arrows represent directed transport v; radial ar-
rows represent entropic dispersal S. Every subsequent figure in this monograph
is a projection, deformation, or suppression of this object.

Yet beneath every smooth surface, failures are catastrophic and sudden. Sys-
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tems that behaved reliably for years collapse in minutes. Models that produced
coherent outputs for millions of queries begin generating nonsense. Financial
instruments that appeared stable for decades unravel in hours. The smoothness
was real but the stability was not.

This pattern—smooth surface, sudden catastrophe—is not incidental. It
reflects something structural: the effort required to maintain the system did
not disappear. It was displaced. It accumulated in hidden form, deferred by
abstraction, and returned with interest when the abstraction failed.

Asymmetric tension: centre displaced from transport origin

Figure 1.2: A deformation of the master glyph in which the scalar minimum is
displaced from the origin of transport. This asymmetry is the visual analogue
of the claim that smoothness is not equilibrium: apparent ease at the surface
coexists with accumulated tension at a hidden centre.

This monograph begins from the observation of this pattern and asks: what
is its formal structure? And then: is this structure the same structure that physics
identifies as energy?

The answer, developed across sixteen chapters, is yes.

1.2 Three Domains, One Pattern

The pattern of displacement appears clearly in three contemporary domains,
each of which will be examined in detail.

Artificial intelligence and model collapse. Large language models are in-
creasingly trained on data that includes outputs of earlier language models. As
this proportion increases, the model’s connection to primary empirical constraint
weakens. The training signal no longer traces back through a chain of deriva-
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Energy as Contradiction

tions to reality; it loops through itself. The result, empirically observed and
theoretically predicted, is model collapse: a gradual degradation of distribu-
tional diversity, coherence under novel inputs, and accuracy on constrained tasks.
The system appears coherent locally—any given output remains superficially
plausible—but the global structure of its representations degrades. The epistemic
difficulty of grounding the model in reality has not been eliminated. It has been
deferred into parametric space, and it eventually returns as brittleness.

Financial abstraction and exocapitalism. Contemporary financial systems
exhibit structures in which capital flows among institutions, instruments, and
vehicles without resolving into production of material goods or services. A dollar
lent to purchase a credit default swap on a mortgage-backed security containing
tranches of subprime loans is a dollar that has abstracted itself several times
from any direct claim on real productive activity. The financial obligation is real;
the productive grounding is attenuated. This structure does not eliminate the
constraint that value must eventually derive from productive activity. It defers
it. When the deferral collapses, the constraint returns catastrophically, as 2008
demonstrated with clarity.

Computation and abstraction stacks. Software systems are built in layers.
Each layer hides the complexity of the layer beneath. This is not a flawbut a design
principle: abstraction is how systems become manageable. Yet the complexity
hidden by each layer does not vanish. It persists as structural obligation—as the
requirement that the lower layer actually implement the semantics the upper
layer assumes. When layers are misaligned, when assumptions embedded in
interfaces do not match realities embedded in implementations, the accumulated
hidden complexity emerges as catastrophic failures, security vulnerabilities, and
performance collapses.

These three domains share a common structure: local consistency maintained
by deferral of global obligation, followed by catastrophic re-emergence. This is
the phenomenological core of the present argument.

1.3 The Guiding Question

The guiding question of this monograph is not Why do systems fail? That
question has many domain-specific answers. The guiding question is more
fundamental:
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Is the structure of deferred difficulty the same structure that appears
in physics as energy?

The claim defended here is that it is. Energy, in physical systems, is the
measurable residue of unresolved constraint. It is what persists when relations
among parts of a system fail to compose consistently. It is what propagates when
that failure moves through the system. And it is what dissipates when failures
cancel or redistribute.

This is not an analogy. The mathematical structure is identical. The differ-
ence between a physical field and an information economy is not structural but
substrate.

1.4 Organization of the Monograph

The monograph proceeds in four parts.
Part I (Chapters 1–3) develops the phenomenology and the initial conceptual

framework. It introduces the conservation of difficulty, traces the pattern of
displacement across computational, economic, and informational domains, and
formulates the central hypothesis: energy is displaced constraint.

Part II (Chapters 4–8) develops the formal framework. It introduces aminimal
relational ontology, defines energy as a functional over loop defects, derives
dynamics from local consistency pressure under finite propagation, and recovers
wave behavior, dissipation, and entropy without importing external physics.

Part III (Chapters 9–12) connects the framework to established physics. It
shows how gauge theory, general relativity, and thermodynamics can be reread
within the relational-constraint picture. It integrates the framework with RSVP-
style field theories and examines the role of complexity-theoretic limits.

Part IV (Chapters 13–16) draws implications for cognition, artificial intelli-
gence, political economy, and the ontology of physical reality. It concludes with
a statement of what the framework implies about the nature of the universe and
of knowledge.

Throughout, the argument is that reality is not a system that achieves equilib-
rium but a system that perpetually redistributes incompatibility. What we call
the physical world is the ongoing, incomplete resolution of constraint.
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Chapter 2

Conservation of Difficulty

There is no such thing as a free lunch.

Milton Friedman, after an older principle

2.1 The Principle Stated

Let us begin with an informal version of the central principle, which will be
made precise in Section 2.3.

When a process is made easier at one level, the difficulty it suppresses
reappears somewhere else in the system.

This is the conservation of difficulty. It is observable before it is formal.
Anyone who has maintained a large software system, negotiated a complex
financial instrument, or tried to understand the outputs of a compressed model
has encountered it. Simplification at the interface requires complexity at the
implementation. Abstraction at one level requires derivation at another. Making
something appear effortless requires effort somewhere.

The principle is not quite a theorem in the mathematical sense, because the
notion of difficulty is not yet precise. Part of the work of this chapter is to make
it precise enough that it becomes one.

2.2 Layered Systems and Burden Transfer

Consider a system organized into layers L1, L2, . . . , Ln, where Li+1 is built upon
Li. Each layer presents an interface to the layer above and relies on the layer
below.
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Chapter 2. Conservation of Difficulty

Let Ei denote the explicit burden at layer i: the constraint complexity visible
to a user or process operating at that layer. Let Hi denote the hidden burden at
layer i: the constraint complexity suppressed by the interface but required by
the implementation.

Definition 2.1. The structural burden at layer i is

Ci = Ei +Hi.

Abstraction means Ei+1 ≤ Ei and Hi+1 ≥ Hi: the interface simplifies while
the implementation obligation grows. Under this structure we have:

Proposition 2.2 (Burden Transfer). If abstraction reduces explicit burden at layer i+1

relative to layer i, then hidden burden at layer i+ 1 is at least as large as the reduction:

Ei+1 = Ei − δ =⇒ Hi+1 ≥ Hi + δ.

Proof. Let the layer i+ 1 interface commit to a semantics Σ. This semantics must
be implemented by layer i. Every constraint suppressed from the interface of
Li+1 remains a constraint on the implementation at Li. Since the constraint is not
discharged but relocated, the hidden burden at Li+1 absorbs at least δ.

Definition 2.3. The total structural obligation of a layered system is the weighted
sum

D =
∑
i

αiCi,

where αi > 0 are layer weights reflecting the cost of resolution at each level.

Theorem 2.4 (Conservation of Difficulty). Under abstraction transformations that
do not discharge constraints, D is conserved:

∆D = 0.

The conditions of the theorem are important: discharging a constraint means
genuinely resolving it, showing it cannot hold, or removing it from the system.
Abstracting a constraint means moving it. Abstraction does not discharge.
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Energy as Contradiction

2.3 Examples Across Domains

2.3.1 Computation and the Interface Stack

The clearest examples are computational. Every abstraction in a software stack
relocates burden without eliminating it. The call to a sorting function abstracts
away the comparison logic. The use of a database abstraction layer suppresses
query planning. The invocation of a language model endpoint hides all the
complexity of attention, tokenization, and training.

None of this complexity vanishes. When the abstraction is breached—when
the sort is called on a data type for which the comparison is undefined, when
the ORM generates a pathologically inefficient query, when the model is asked
to reason about something outside its training distribution—the hidden burden
returns. The system pays the deferred cost.

2.3.2 Financial Instruments and Abstracted Claims

A mortgage-backed security is a claim on a pool of mortgage payments, which
are claims on the productive activity of borrowers, which is grounded in the
value of collateral. At each level of packaging and tranching, the instrument
becomes more abstract and its explicit claim on underlying value becomes less
visible.

The burden does not vanish. The ultimate obligation—that someonemust pay,
that productive value must exist—persists through all the tranching. When the
underlying borrowers cannot pay, the accumulated hidden burden propagates
upward through the instrument stack with the speed and violence of a physical
cascade.

2.3.3 AI Training and Epistemic Grounding

Consider a language model trained on web data. The model’s knowledge of
physics, geography, and history is grounded in documents that were written by
people who had access to the world. The model’s representations carry implicit
claims on that world.

When such a model is used to generate training data for a successor model,
the grounding of the successor’s representations becomes more attenuated. The
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explicit burden of grounding—maintaining calibrated representations of reality—
is suppressed by using the predecessor’s outputs as a proxy for world-data. The
hidden burden—the mismatch between the successor’s representations and
actual world structure—grows. When the successor is then used for tasks that
require precise grounding, the hidden burden returns as error, hallucination,
and brittleness.

2.4 Exposure Events

When hidden burden exceeds the system’s capacity to maintain its deferral
structures, it re-emerges as an exposure event. This is the formal analog of the
sudden catastrophic failures described in Chapter 1.

Definition 2.5. An exposure event occurs when the hidden burden at one or more
layers of a system exceeds the carrying capacity of those layers, resulting in a
rapid transfer of burden to explicit levels.

Exposure events have characteristic signatures that are domain-independent.
They appear sudden relative to the accumulation timescale, because the hidden
burden grows slowly while the deferral structure maintains its surface coherence.
They are amplified by coupling between layers, because the re-emergence of
burden at one layer destabilizes the deferral structures of adjacent layers. Their
magnitude is bounded below by the accumulated hidden burden, placing a
minimum on the severity of any cascade. And they propagate through the layer
structure at rates determined by inter-layer coupling, setting the timescale on
which the cascade reaches its terminal state.

This phenomenology is domain-independent. The 2008 financial crisis, the
collapse of large software systems under unexpected load, and the performance
degradation of overtrained models all exhibit these signatures. The structural
invariant is the same.

2.5 Toward a Physical Interpretation

The conservation of difficulty is, at this stage, a principle about structured systems
under abstraction. But a question naturally arises: is this principle specifically
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about information-processing systems, or is it a general structural fact about any
system under constraint?

Layered displacement: visible burden contracts, hidden obligation expands

Figure 2.1: A stratified projection of the master glyph (Figure 1.1) adapted to
abstraction hierarchies. Scalar burden contracts at the surface while directed
flow exports hidden obligation downward and entropic rays carry it outward
into lower layers. Nothing is removed; everything is redistributed.

The claim of this monograph is that it is general. In physical systems, the
quantity that plays the role of total structural obligation is energy. Dynamics is
the process by which burden propagates through the layer structure of space.
Dissipation is the process by which burden is redistributed into forms that can
no longer do coordinated work.

Making this precise is the task of Part II. But the next chapter takes an in-
termediate step: it examines the specific structure of modern socio-technical
systems that attempt to escape constraint altogether, and shows that this attempt
produces a recognizable physical analog.
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Chapter 3

Exocapitalism, Slop, and the Flight from
Grounding

The spectacle is not a collection of images; it is a social
relation between people, mediated by images.

Guy Debord, The Society of the Spectacle, 1967

3.1 Exocapitalism and the Attempt to Escape Con-
straint

The term exocapitalism names a mode of capital accumulation that systematically
attempts to externalize productive constraint. Where classical capitalism extracts
surplus from the transformation of inputs into outputs, exocapitalism attempts
to capture value without the transformation—through platform rents, attention
capture, financial abstraction, and the extraction of informational asymmetry.

The defining feature of exocapitalist accumulation is not exploitation in the
classical sense but evasion: the attempt to decouple the claim on value from
the production of value. Financial instruments claim future productivity with-
out producing it. Advertising platforms extract attention without creating the
content that generates attention. AI systems trained on human-generated knowl-
edge produce outputs without the grounded understanding that generated the
training data.

In each case, the claim is real; the grounding is attenuated.
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3.2 The Slop Economy as Compositional Failure

We introduce the term slop economy to describe the emergent structure of infor-
mation systems in which content production is increasingly decoupled from
epistemic grounding.

AI-generated content, produced at scale, trained on AI-generated content,
distributed through algorithmic channels optimized for engagement rather than
accuracy, constitutes a system in which the chain of derivation—from primary ex-
perience or observation, through structured inference, to communicated claim—
is progressively weakened. The content looks like derived content because it has
the surface features of derived content. It is not derived content because the
relations that would connect it to primary constraints no longer hold.

This is a failure of composability in the information-theoretic sense. Compos-
ability requires that one can trace a chain of derivations. In the slop economy,
those chains are severed. The output no longer inherits the constraints of the
input because the training process no longer preserves the relevant relational
structure.

Definition 3.1. A derivation chain is compositionally grounded if each step in the
chain preserves the constraints of the preceding step. It is slop if it has the surface
form of a compositionally grounded chain but the constraint preservation fails.

This definitionmakes precise the sense inwhich slop is notmerely low-quality
content but a specific structural failure: the appearance of derivation without its
substance.

3.3 Financial Circularity as Physical Analog

The analog in financial systems is the closed loop of value: capital flows from
institutionA to instrumentB to fundC and back toA, without at any point resolv-
ing into a claim on productive activity. The loop is internally consistent—each
transaction is legal, each instrument is priced, each obligation is technically met—
but globally incoherent, because the chain of derivations that would connect the
financial claims to underlying productive reality has been severed.

This is the direct analog of the loop defect in the relational framework devel-
oped in Part II. A loop of relations is locally consistent but fails to compose to
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the identity. The system carries energy precisely because of this failure.

3.4 The Common Structure

Exocapitalism, the slop economy, and financial circularity all exhibit the same
formal structure. Local relations are maintained: each transaction is valid, each
output is syntactically correct, each interface is implemented. The global compo-
sition nonetheless fails, because the chain from claim to ground is severed. The
system carries hidden burden, since the structural obligation that grounds the
local relations persists even when it is no longer visible. And exposure events
eventually occur, as the hidden burden returns when the deferral structure fails.

Circulating claims with unresolved central grounding defect

Figure 3.1: A porous, loop-dominated deformation of the master glyph (Fig-
ure 1.1). Local consistency is maintained around circulating channels while a
central grounding defect persists unresolved. The contours are scattered rather
than nested: each represents a locally valid claim that has lost its connection to
the shared scalar ground.

In physical terms, this is a system with high energy and weak dissipation:
it carries large unresolved mismatch and lacks the couplings that would redis-
tribute it. Such systems are metastable. They maintain their structure until a
perturbation initiates a cascade.

The physics of such cascades is well understood: they propagate at rates
determined by inter-node coupling, their magnitude is proportional to accu-
mulated burden, and their terminal state is determined by the structure of the
dissipation channels available. We will develop this physics precisely in Part II.

For now, the key insight is this: the socio-technical phenomena of ourmoment
are not merely social anomalies or failures of regulation. They are physical
phenomena in a generalized sense. They are systems in which constraint has
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been deferred, in which the burden of grounding has been displaced rather than
discharged, and in which the structure of deferred burden follows the same laws
as energy in a physical field.
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Part II

The Formal Framework
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Chapter 4

Relational Ontology: Beyond Values and
Fields

It is not things but relations that are real.

Henri Poincaré, Science and Hypothesis, 1902

4.1 Against Value Primitives

Most physical theories begin from values: fields φ(x) assign numbers or vectors
to points in space. The dynamics of the field is then determined by how these
values vary from point to point. This approach is powerful, and we do not intend
to abandon its mathematical results. But we will argue that it has the direction
of explanation inverted.

Values at points are not primitive. They are summaries of relations. What
is physically real is not the value of a field at a point but the relation between
what happens at one point and what happens at neighboring points. The field
value is a derived quantity—a convenient encoding of relational structure, not a
fundamental fact about the world.

This shift from values to relations is not merely philosophical. It has math-
ematical content: it is the shift from functions on spacetime to connections on
bundles, from scalar fields to gauge fields, from particle positions to interaction
histories. Modern physics has already made this shift in its most sophisticated
theories. What the present framework does is make the shift explicit as a foun-
dational commitment and derive consequences from it.
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4.2 The Minimal Relational System

Definition 4.1. A relational system is a quadruple (N , E ,G, R) where N is a set
of nodes, E ⊆ N ×N is a set of directed edges, G is a group (or more generally a
groupoid), and R : E → G is a map assigning to each edge a relation.

The group G is specified differently in different applications. For electromag-
netism it is U(1); for Yang–Mills theories it is SU(N); for discrete spin systems
it is Z2; for informational systems it is an appropriate transformation group on
state spaces; for the general abstract framework it is an arbitrary group. The key
feature in all cases is that G is composable: relations along paths compose as
group elements, and composition is associative.

4.3 Consistency and Defects

Definition 4.2. A loop in (N , E) is a finite sequence of edges e1, e2, . . . , ek such
that the terminal node of ei is the initial node of ei+1, and the terminal node of ek
is the initial node of e1.

Definition 4.3. The holonomy of a loop γ = (e1, . . . , ek) is the composed relation

Ω(γ) = R(e1) ·R(e2) · · ·R(ek) ∈ G.

Definition 4.4. A relational system is consistent at loop γ if

Ω(γ) = I,

the identity element of G. It has a defect at γ if Ω(γ) 6= I.

The defect at a loop measures the failure of the relations around the loop to
compose to a trivial transformation. If the relations were consistent, a measure-
ment transported around the loop would return unchanged. A defect means it
does not.

Example 4.5. In electromagnetism, the loop γ corresponds to a closed path in
spacetime, and Ω(γ) = exp(i

∮
γ
A) where A is the gauge potential. The defect is

non-trivial if and only if there is magnetic flux through the loop. The electro-
magnetic field strength is exactly the measure of this defect density.
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Example 4.6. In discrete computation, a loop γ in a computation graph corre-
sponds to a sequence of transformations applied to a data structure and back.
The defect measures whether the transformations are consistent: whether com-
puting f and then f−1 returns the original state. In a lossy compression system,
Ω(γ) 6= I—the round trip does not return the original.

4.4 Contradiction as Structural Fact

We are now in a position to give a precise definition of what, in the informal
discussion, we have been calling contradiction.

Definition 4.7. Contradiction in a relational system (N , E ,G, R) at a loop γ is the
defect Ω(γ) 6= I.

This definition removes any dependence on global averaging or reference
values. Contradiction is not deviation from a mean. It is not distance from an
ideal. It is a structural property of the relational system itself: the failure of
composition around loops to return the identity.

Loop composition and holonomy defect

Figure 4.1: The obstruction projection of themaster glyph (Figure 1.1). Relational
consistency requires that composing all morphisms around the loop returns the
identity. The defect loop at the centre records the failure of this condition: non-
trivial holonomy is contradiction in its precise structural form.

This is the key conceptual move of the entire monograph. Reformulating con-
tradiction in these terms makes it simultaneously local, relational, composable,
and physical. It is local because the defect at a loop is a property of the relations
in that loop alone, requiring no reference to the global state of the system. It
is relational because it depends on relations rather than absolute values. It is
composable because defects can be added, compared, and transported along
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paths in the relational network. And it is physical because it corresponds directly
to structures that appear in gauge theory, differential geometry, and lattice field
theory—not by analogy but by identity.

4.5 The Curvature Interpretation

In the continuum limit, the defect around an infinitesimal loop becomes the
curvature of the connection. If Aµ is a connection on a principal bundle, the
curvature is

Fµν = ∂µAν − ∂νAµ + [Aµ, Aν ].

The last term vanishes for abelian groups. For non-abelian groups it reflects
the self-interaction of the relational structure.

The curvature is exactly the infinitesimal defect:

Ω(γµν) = exp
(∫

γµν

F

)
≈ I+ Fµνδx

µδxν +O(δx3)

for an infinitesimal loop γµν in the µν-plane.
This connection between the abstract definition of defect and themathematical

structure of gauge theory is not an approximation or an analogy. The defect of
the relational system is the curvature, in the appropriate limit.
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Chapter 5

Energy as Obstruction

One cannot step into the same river twice.

Heraclitus (attributed)

5.1 The Energy Functional

Given a relational system with defects Ω(γ) at loops γ, we define an energy
functional that measures the total contradiction in the system.

Definition 5.1. Let Λ be a collection of loops in the relational system (N , E ,G, R)
and let ‖·‖ be a norm on G (e.g., a bi-invariant metric). The energy functional is

E =
∑
γ∈Λ

wγ ‖Ω(γ)− I‖2 ,

where wγ > 0 are weights.

The properties of this functional are immediate from the definition:

Proposition 5.2. (i) E ≥ 0, with equality if and only if Ω(γ) = I for all γ ∈ Λ.

(ii) E is additive over independent loops.

(iii) Local energy density ε(x) =
∑

γ3xwγ ‖Ω(γ)− I‖2 /|γ| localizes where defects
occur.

5.2 Known Physical Energies as Special Cases

The energy functional of Definition 5.1 reproduces the energy functionals of
known physical theories when the relational system and group are chosen ap-
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propriately.

5.2.1 Electromagnetic Energy

Take G = U(1), N the lattice approximation to Minkowski spacetime, E the
nearest-neighbor links. The continuum limit of the energy functional is

EEM =
1

2

∫
(E2 +B2)dnx =

1

4

∫
FµνF

µν dnx.

The electromagnetic energy is exactly the L2 norm of the curvature of the
U(1) connection.

5.2.2 Yang–Mills Energy

For G = SU(N) the construction generalizes directly:

EYM =
1

4g2

∫
tr(FµνF

µν)dnx.

This is the Yang–Mills action functional, whose critical points are the Yang–
Mills equations. The energy is the trace of the squared curvature—the squared
defect of the relational system.

5.2.3 Elastic Energy

In continuum mechanics, a deformation φ : Ω→ R3 defines a strain tensor

εij =
1

2
(∂iuj + ∂jui)

where u = φ− I is the displacement field. The elastic energy is

Eel =
1

2

∫
Cijklεijεkl dnx.

Here the relational system is the material body, the group is the group of
local deformations, and the defect is the strain—the failure of the deformed body
to relate to itself as the undeformed body does.
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5.2.4 Gravitational Energy

In general relativity, the Einstein–Hilbert action is

SEH =
1

16πG

∫
R
√
−g dnx,

where R is the Ricci scalar, the trace of the Riemann curvature tensor. The
Riemann curvature is again a measure of loop defect: parallel transport around
a loop returns a vector rotated by an amount proportional to the curvature.

The gravitational energy density is therefore the squared curvature of the
spacetime connection. Energy, even in general relativity, is loop defect.

5.3 Energy Density and Its Localization

One of the attractive features of the relational-constraint formulation is that
energy density is naturally localized. Energy is not spread uniformly over the
system; it is concentrated where defects are concentrated. This is observable
physics: electromagnetic energy is concentrated near sources, elastic energy is
concentrated near dislocations, gravitational energy is concentrated near massive
bodies.

In the relational framework this is a definition, not a theorem: the local energy
density at a node or edge is the contribution of nearby loops to the total energy
functional. This makes energy density a local property of the relational structure,
not a globally defined quantity that has to be distributed.

5.4 The Interpretation

The energy functional of Definition 5.1 captures the central interpretive claim of
this monograph:

Energy is the measurable form of unresolved contradiction in a
relational system.

This is not ametaphor. It is amathematical statement: the energy functional is
the squared norm of the defect. The defect is the holonomy of the connection. The
holonomy is the relational counterpart of what field theory calls the curvature.
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Energy as the norm of geometric obstruction

Figure 5.1: Nested scalar contours interrupted by a displaced defect loop. The
loop does not sit at the centre of the field; it intrudes across contour levels,
registering mismatch between the relational geometry and its ideal. Energy is
the quantified magnitude of this intrusion: E = ‖Ω− I‖2.

The curvature is the field strength. The field strength squared and integrated is
the energy.

The chain of identifications is complete. Energy is obstruction. Obstruction is
contradiction. Contradiction is the failure of relations to compose consistently.
This is what energy has always been; it has simply been described in field-
theoretic language that obscures the underlying relational structure.
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Chapter 6

Dynamics: Propagation of Contradiction

The present is the moving image of eternity.

Plato, Timaeus

6.1 Finite Propagation as Fundamental Constraint

The energy functional of the previous chapter is static. It measures the total
contradiction in a system at an instant. But physical systems are not static: they
evolve. Contradiction, once present, propagates.

The key physical constraint is finite propagation: changes in relational structure
cannot propagate instantaneously. A defect introduced at one point can only
affect neighboring points after some delay determined by the causal structure of
the system.

Definition 6.1. A relational system has finite propagation speed c > 0 if changes in
R(e) at time t can only affect R(e′) at time t′ ≥ t+ d(e, e′)/c, where d(e, e′) is the
path distance in E .

This constraint is not a physical assumption imported from outside the frame-
work. It follows from the relational structure itself: for one edge to affect another,
the relational information must propagate along a path of edges. Finite path
lengths imply finite propagation times.

6.2 Local Update Rules

In the absence of finite propagation, a system would simply jump to the global
minimum of E instantaneously. Finite propagation means the system can only
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minimize locally: each edge e updates its relation R(e) based on the current state
of nearby loops.

Definition 6.2. The gradient flow of the energy functional is the evolution equation

dR(e)

dt
= −η · gradGE

∣∣
R(e)

,

where gradG is the gradient in the group manifold and η > 0 is a relaxation rate.

This is the relational analog of a steepest descent flow. Each edge adjusts
its relation to reduce the total energy as quickly as possible, subject to its local
information.

The gradient of the energy with respect to R(e) is:

gradGE
∣∣
R(e)

= 2
∑
γ3e

wγ · (Ω(γ)− I) ·
∏

e′∈γ,e′ 6=e

R(e′).

This involves only the defects of loops containing e and the relations of edges
in those loops. It is manifestly local.

6.3 Emergence of Wave Behavior

The striking result of the relational-constraint dynamics is that wave behavior
emerges without being assumed. We demonstrate this in a simplified linear
setting.

6.3.1 Linear Approximation

Let G be an abelian group, G ∼= R in the small-defect limit. Write R(eij) =

φj − φi + aij where φi are node values and aij are reference relations. The defect
around a minimal loop (i, j, k, i) is

Ω = (φj − φi + aij) + (φk − φj + ajk) + (φi − φk + aki) = aij + ajk + aki.

In the continuum limit with no reference relations (aij = 0), defects vanish—
no contradiction. But if we introduce a potential φ(x, t) that varies in time, the
finite-propagation constraint means that φ(x, t+ δt) is not determined by φ(x, t)
alone but by the relations between φ(x, t) and φ(x′, t) for |x′ − x| ≤ cδt.
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6.3.2 The Wave Equation

Under the gradient flow with finite propagation, the dynamics of φ satisfies:

∂2φ

∂t2
= c2∆φ.

This is the wave equation. It emerged from three things that were assumed:
local consistency pressure expressed by the gradient flowof the energy functional,
a finite propagation speed c, and the relational structure of the system. No wave
equation was postulated.

Theorem 6.3 (Emergence of Wave Propagation). In the linearized relational system
with abelian group G ∼= R, finite propagation speed c, and energy functional E =
1
2

∫
(∇φ)2 dnx, the gradient flow with inertia generates the wave equation

φtt = c2∆φ.

Proof sketch. The gradient of the energy is −∆φ. Adding inertial terms to the
gradient flow (corresponding to the second-order nature of conservative dynam-
ics) gives φtt = −gradE = c2∆φ. The propagation speed c enters as the ratio of
elastic to inertial parameters of the relational system.

6.3.3 Physical Interpretation

The wave equation describes the propagation of contradiction through the re-
lational network. A local defect at (x0, t0) propagates outward as a wave front,
disturbing the relations at successive distances from x0 at rate c. The wave is
not a thing moving through space; it is the propagating process of the system
attempting to resolve a local inconsistency.

Interference of waves is then the interaction of two propagating correction
processes: where theymeet with the same phase, the corrections add; where they
meet with opposite phase, they cancel. Wave optics is the geometry of interacting
correction processes.
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6.4 Diffusion as Overdamped Propagation

If the relaxation rate η is large (overdamped dynamics), the inertial terms become
negligible and the dynamics reduces to

∂φ

∂t
= D∆φ,

the diffusion equation, where D = c2/η. Diffusion is the overdamped limit
of correction propagation: the system tries to resolve contradictions as fast as
possible, without the oscillatory overshoot that produces waves.

Propagation of obstruction through successive local neighbourhoods

Figure 6.1: A transport projection of the master glyph (Figure 1.1). The defect
does not vanish locally; it propagates through successive neighbourhoods as a
travelling obstruction. Scalar contours are suppressed to foreground the motion.
Each faint shell represents the local relational environment the defect passes
through.

6.5 Variational Principle and Gradient Flow of Con-
straint

The definitions of energy and contradiction given earlier become dynamically
decisive only when paired with a variational principle. The natural choice is
that the system evolves so as to reduce obstruction as efficiently as local causal
structure permits. This principle recasts dynamics as gradient flow on the space
of admissible configurations, and it simultaneously locks together energy, dy-
namics, and dissipation as three aspects of a single process rather than three
independently introduced mechanisms.

Let C denote the configuration space of the relational system, equipped with
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a metric structure G induced by relational geometry, and let

E : C → R≥0

be the obstruction functional. The variational dynamics is

dc

dt
= −∇GE(c).

This equation expresses the fundamental principle of contragrade evolution: the
system moves locally against contradiction.

Theorem 6.4 (Gradient Descent of Obstruction). Let c(t) satisfy the above evolution
equation. Then the obstruction functional is non-increasing:

d

dt
E(c(t)) ≤ 0,

with equality if and only if c(t) is a critical point of E .

Proof. By the chain rule and the definition of gradient,

d

dt
E(c(t)) =

〈
∇GE(c), ċ

〉
G =

〈
∇GE(c),−∇GE(c)

〉
G = −‖∇GE(c)‖2 ≤ 0.

Equality holds exactly when ∇GE(c) = 0.

Remark 6.5. Propagation, diffusion, and dissipation are distinct regimes of the
same variational principle, distinguished by whether inertial terms are present
in the evolution equation.

Gradient descent of obstruction toward local minima of E

Figure 6.2: Defects move along the local gradient of the obstruction functional.
Propagation, diffusion, and dissipation are three regimes of this single variational
flow.
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6.6 Regimes of Propagation: Hyperbolic, Parabolic,
and Mixed Systems

The same obstruction functional generates qualitatively different forms of evolu-
tion depending on the temporal structure of the flow.

Definition 6.6. A system exhibits hyperbolic propagation if disturbances travel at
finite speed without immediate attenuation. It exhibits parabolic propagation if
disturbances spread diffusively with immediate smoothing.

For the quadratic functional E [φ] = 1
2

∫
‖∇φ‖2 dnx, the first variation gives

δE/δφ = −∆φ.

Theorem 6.7 (Parabolic and Hyperbolic Limits). The first-order gradient flow yields
the diffusion equation φt = ∆φ, while the second-order inertial flow yields the damped
wave equation φtt + γφt = ∆φ.

Proof. Substituting δE/δφ = −∆φ into the first-order flow φt = −δE/δφ gives
φt = ∆φ. Substituting into the second-order inertial system φtt + γφt = −δE/δφ
gives the damped wave equation.

Wave propagation and diffusion are thus different temporal realizations of the
same variational structure, rather than separate physical mechanisms requiring
independent justification.

hyperbolic parabolic

Figure 6.3: Two regimes from one obstruction functional.

This unifies two seemingly different physical phenomena—wave propagation
and diffusion—as two regimes of the same underlying process: local consistency
pressure under finite propagation, with different inertia-to-damping ratios.
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Chapter 7

Dissipation, Entropy, and the Redistribution
of Contradiction

You cannot unscramble an egg.

J. J. Thomson (attributed)

7.1 Dissipation as Annihilation of Defects

When two propagating defects of opposite character meet, they annihilate. The
contradiction is not moved to another location; it is resolved. The energy associ-
ated with the two defects decreases.

This is dissipation: the reduction of energy through the cancellation of
defects. It occurs when the relational structure supports the annihilation of
contradictions—that is, when defects can find their antidefects and compose to
the identity.

Definition 7.1. Dissipation is any process by which E decreases through the
annihilation or redistribution of defects into forms that no longer contribute to
coherent propagation.

The qualifier “coherent propagation” is crucial. Dissipation does not eliminate
the defects absolutely; it distributes them into microstructure in a way that
makes them inaccessible to macroscopic processes. The energy becomes “hidden
burden” at the microscopic level.
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7.2 Entropy as Distributed Contradiction

Definition 7.2. The entropy of a relational system is a measure of the distribution
of defects across the accessible microstates of the system.

More precisely, let the relational system have Ω microstates (distinct assign-
ments of relations R : E → G compatible with macroscopic constraints). Coarse-
graining partitions Ω =

⊔
k Bk. The entropy is

S = −kB
∑
k

P (Bk) logP (Bk).

High entropy corresponds to defects distributed broadly across microstates.
Low entropy corresponds to defects concentrated in accessible macroscopic
configurations.

Entropy as dispersal of obstruction into finer microstructure

Figure 7.1: A single concentrated defect on the left disperses rightward into many
smaller, weaker loops. Entropy is the redistribution of contradiction into increas-
ingly inaccessible forms: the total magnitude is conserved, but the coherence
required for self-cancellation is lost.

The second law of thermodynamics, in this framework, becomes:

Theorem 7.3 (Entropy as Defect Dispersal). In an isolated relational system with
finite propagation, the entropy of the defect distribution generically increases: defects
propagate into increasingly dispersed configurations, reducing the probability of self-
cancellation.

The reason is exactly finite propagation: defects propagate outward and mix
with the microstructure of distant regions before they can return and annihilate.
The asymmetry of entropy increase is the asymmetry of defect dispersal—the
same underlying process at microscopic scales.
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7.3 Entropy Flux and Production

Entropy is not only an accumulated state but a transport process with local
sources. Let S(x, t) denote the entropy density, JS its flux, and σ the local pro-
duction rate:

∂S

∂t
+∇ · JS = σ.

Theorem 7.4 (Nonnegativity of Entropy Production). Suppose JS = −D∇S with
D > 0, and σ = 〈Aξ, ξ〉 for a positive semidefinite operator A. Then σ ≥ 0 pointwise.

Proof. Positive semidefiniteness of A gives 〈Aξ, ξ〉 ≥ 0 for all ξ.

Proposition 7.5 (Integrated Entropy Increase). For a closed system with zero bound-
ary flux, d

dt

∫
S dnx ≥ 0.

Proof. Integrating the balance equation and applying the divergence theorem:
the boundary flux vanishes, leaving d

dt

∫
S dnx =

∫
σ dnx ≥ 0.

Irreversibility is now structurally precise: it corresponds to the non-
invertibility of the mapping from localized defects to distributed entropy flux.
Dispersal into microstructure cannot be spontaneously reversed, because re-
construction of a concentrated defect from diffuse flux requires coordinated
contraction that has exponentially small probability under generic dynamics.

7.4 Equilibrium, Irreversibility, and the Perpetual
Present

Equilibrium in the relational framework does not mean zero energy. It means
local consistency: every small loop has vanishing defect, even though global
consistency—vanishing holonomy for large loops—may not hold.

Definition 7.6. A relational system is in local equilibrium if Ω(γ) ≈ I for all loops
γ within a local neighborhood, without constraint on global holonomy.

Systems can be in local equilibrium while carrying large global contradiction.
This is the state of systems with frozen-in defects: topological defects in con-
densed matter physics, locked-in financial commitments, entrenched ideological
frameworks. They are locally stable but globally inconsistent.
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Irreversibility arises from the asymmetry of defect dispersal under finite
propagation. Once defects have dispersed into microstructure, recovering the
original concentrated configuration would require a coordinated reversal of all
the propagation—a process whose probability decreases exponentially in the
number of involved degrees of freedom.

The universe, then, is a system that is always simultaneously doing three
things: locally repairing, as the gradient flow of the energy functional drives each
edge toward reducing its contribution to nearby loop defects; globally deferring,
as finite propagation prevents any local correction from achieving global consis-
tency instantaneously; and irreversibly dispersing, as entropy increases through
the mixing of defects into microstructure during each round of propagation and
partial cancellation.

What we experience as the present moment is the current state of this ongoing,
never-completed resolution process. The present is not a snapshot of a fixed
reality but the active edge of contradiction propagation.
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Chapter 8

Renormalization and Scale-Dependent Con-
straint

A theory has only the alternative of being right or wrong.
A model has a third possibility: it may be right, but
irrelevant.

Manfred Eigen

8.1 Scale Dependence and Coarse-Graining

Constraint is not a scale-invariant notion. What appears as a local inconsistency
at fine resolution may become part of a smooth effective law at coarser resolution.
Renormalization is the process by which contradiction is reorganized, rather
than eliminated, as the observational scale changes.

Let Rλ denote a coarse-graining operator at scale λ > 0, applied to the
obstruction functional E to produce a scale-dependent effective functional

Eλ = Rλ(E).

Theorem 8.1 (Scale Dependence of EffectiveObstruction). Let E be a local quadratic
obstruction functional on a system with short-range couplings. Under block coarse-
graining by factor λ > 1, the effective functional Eλ is again local up to higher-order
corrections, with renormalized coupling coefficients.

Proof. The coarse-graining map integrates out sub-block degrees of freedom
while preserving long-wavelength modes. A standard cumulant expansion
shows the effective action retains its local form; coupling constants are shifted
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Chapter 8. Renormalization and Scale-Dependent Constraint

and higher-order terms are generated, but local structure is maintained to leading
order in λ−1.

Corollary 8.2 (Scale-Invariant Fixed Points). Fixed points of the renormalization flow,
satisfyingRλ(E∗) = E∗ for all λ, correspond to scale-invariant constraint structures.

8.2 Renormalization Flow as Trajectory in Theory
Space

Theorem 8.3 (Renormalization Flow Equation). There exists a vector field β(E) on
the space of functionals such that

dEλ
d logλ = β(Eλ).

Fixed points satisfy β(E∗) = 0 and correspond to universality classes.

Proof. Differentiating Eλ = Rλ(E) with respect to logλ defines the beta function
as the infinitesimal generator of the coarse-graining semigroup.

Coarse-graining does not eliminate contradiction but reroutes it: short-range
inconsistencies are absorbed into renormalized coupling constants, while long-
range ones survive as residual structure. This is the renormalization group
interpretation of the conservation of difficulty established in Chapter 2: the total
relational burden is reorganized across scales, not removed.

EUV

Eλ1 Eλ2

EIR

Renormalization as flow in the space of effective obstruction functionals

Figure 8.1: Coarse-graining transforms the representation of contradiction rather
than removing it.
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8.3 Symmetry, Gauge Freedom, and Redundant De-
scription

Definition 8.4. A gauge transformation is a transformation of field variables that
leaves all relational observables invariant.

Theorem 8.5 (Gauge Invariance of Relational Observables). Let O depend only
on loop defects or sheaf cohomology classes. Then O is invariant under any gauge
transformation of the local representative fields.

Proof. Gauge transformations alter local representatives of sections or connec-
tions but not the holonomy around loops nor the obstruction class to gluing. Any
observable constructed from these invariants is unchanged.

The RSVP fields Φ, v, S are coordinates on relational structure; the loop
holonomies and cohomological obstruction classes are the physical content.
Gauge freedom is redundancy in description, not multiplicity in physics.

gauge 1 gauge 2

same relational defect content

Figure 8.2: Two field representatives describing the same underlying relational
obstruction.
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Part III

Connections to Established Physics
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Chapter 9

Gauge Theory and the Relational Interpreta-
tion

9.1 Gauge Theory as Relational Physics

The shift from absolute field values to relational connections is already fully
accomplished in modern gauge theory. A gauge theory is precisely a theory
in which physical observables are not absolute field values φ(x) but relational
quantities—holonomies, curvatures, Wilson loops.

The gauge symmetry φ(x) 7→ φ(x) + ∂µλ(x) (for U(1)) expresses the physical
irrelevance of the absolute field value. Only differences—only relations—are
physical.

This is the relational commitment of modern physics, already present in its
most empirically successful framework. What the present monograph does is
make this commitment explicit and foundational, rather than treating it as a
technical convenience.

9.2 Wilson Loops and Loop Defects

The Wilson loop in gauge theory is

W (γ) = tr
(
P exp

(
i

∮
γ

Aµdx
µ

))
,

where P denotes path ordering. This is precisely the trace of the holonomy
around γ—the trace of the defect.

The Wilson loop is a fundamental observable in gauge theory. It encodes
whether the loop γ encloses magnetic flux (for U(1)), quark-antiquark string

38
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tension (for SU(3)), and other physical phenomena.
The energy of the gauge field is related to the expectation value of the Wilson

loop (for small loops) by

〈W (γ)〉 ≈ 1− g2

2

∫
Σ

FµνF
µν dnx+O(g4),

where Σ is a surface bounded by γ. Energy is the integrated squared defect, as
in Definition 5.1.

9.3 Yang–Mills Equations as Defect Minimization

The Yang–Mills equations
DµF

µν = Jν

(whereDµ is the covariant derivative and Jν is the source current) are the Euler–
Lagrange equations of the Yang–Mills action. In the relational framework, they
are the equations ofmotion for the gradient flow of the energy functional, express-
ing how the system locally minimizes contradiction subject to causal constraints.

The source term Jν represents external constraints—contradictions imposed
from outside the local region. The Yang–Mills equations say: given these external
constraints, the internal relational structure adjusts to minimize the total defect
locally consistent with what the sources demand.

9.4 Confinement and Defect Tubes

In quantum chromodynamics, quarks are confined: the energy required to
separate a quark-antiquark pair grows linearly with distance. In the Wilson
loop picture, this corresponds to area law: 〈W (γ)〉 ∼ e−σArea(γ) for large loops.

In the relational framework, this is the statement that large loops enclose
large defects, and the defects are organized into tubes (flux tubes) that carry con-
centrated contradiction between the quark sources. Confinement is the system’s
resistance to increasing the length of these defect tubes.

This is a beautiful physical phenomenon whose structure is entirely captured
by the relational-constraint picture: the energy cost of separating sources is the
cost of extending the region of unresolved contradiction between them.
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Plaquette holonomy as localised curvature defect on the lattice

Figure 9.1: The gauge-theoretic specialisation of the master glyph (Figure 1.1).
Curvature is localised to a single plaquette as nontrivial directed holonomy;
transport around the loop fails to return the identity. The surrounding lattice is
the discretised relational network.
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Chapter 10

General Relativity and Curved Constraint

10.1 Spacetime Curvature as Relational Defect

General relativity describes gravity as the curvature of spacetime. In the relational
framework, curvature is exactly the loop defect of the spacetime connection.
Parallel transport around a loop returns a vector rotated by an angle proportional
to the Riemann tensor:

δV µ = Rµ
νρσV

νδxρδxσ.

Parallel transport around curved relational geometry

Figure 10.1: Spacetime curvature as transport defect. A vector transported along
the curved geodesic strip re-enters with a different orientation, recording the
failure of the spacetime connection to compose trivially around the loop. This is
the gravitational specialisation of the master glyph (Figure 1.1).

The Riemann tensorRµ
νρσ is the curvature of the Levi-Civita connection—the

defect of the relational system defined by the spacetime metric.
Gravity, in this framework, is the consequence of relational inconsistency in

the structure of spacetime itself. The mass-energy distribution determines the
geometry; the geometry determines how relations (parallel transports) fail to
compose globally; the failure of composition is what we observe as the gravita-
tional field.
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10.2 The Einstein Equations as Defect Balance

The Einstein field equations

Gµν + Λgµν = 8πGTµν

balance the Einstein tensor Gµν (a contraction of the Riemann curvature) against
the stress-energy tensor Tµν (the source of the gravitational field).

In the relational framework: the left side measures the local defect of the
spacetime relational structure; the right side specifies the external constraint
(mass-energy distribution) that sources the defect. The equation says: the curva-
ture (defect) is determined by the source (imposed constraint).

This is precisely the structure of constraint propagation. The mass-energy
distribution is the externally imposed contradiction that the spacetime relational
structure must resolve. The geometry of spacetime is the system’s response.

10.3 Cosmological Expansion as Global Defect

The cosmological constant Λ represents a uniform background contribution to
the defect. In modern cosmology, it is associated with dark energy and drives
the accelerating expansion of the universe.

In the relational framework, a positive Λ represents a global background of
unresolved contradiction in the spacetime relational structure. The expansion
of the universe is the propagation of this global defect through the system—the
universe spreading out as it attempts to resolve its background incompatibility.

This is speculative but structurally coherent: if the universe began in a state of
maximal local constraint (the Big Bang as a concentrated defect), its subsequent
evolution is the propagation and dispersal of that initial contradiction through
the relational structure of spacetime.
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Chapter 11

Thermodynamics and the Mortality of Reso-
lution

11.1 The Thermodynamic Embedding of Constraint

The first and second laws of thermodynamics, in the relational framework, are
consequences of the structure of defect propagation under finite propagation.

The first law (conservation of energy) is the conservation of total defect
magnitude: contradictions are not created or destroyed, only moved and redis-
tributed. The second law (entropy increase) is the statistical tendency of defects
to disperse into inaccessible microstructure.

Together they express: the universe carries a fixed total amount of unresolved
contradiction, and that contradiction tends to become increasingly inaccessible as it
disperses.

11.2 The Thermodynamic Cost of Resolution

Every act of resolution—reducing the defect at a loop—requires either mov-
ing the defect to another location or redistributing it into microstructure. The
thermodynamic cost of resolution is the entropy produced by this redistribution.

By Landauer’s principle, erasing one bit of information produces at least
kBT ln 2 of heat. In the relational framework, this is the cost of resolving one
binary defect: the contradiction cannot be eliminated without producing entropy
in the thermal bath.

This is the mortality of resolution: computation, which is the systematic
resolution of constraint, is thermodynamically mortal. Every computation that
reduces contradiction in one region increases entropy globally. The total burden
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is conserved; computation merely transforms its form.

11.3 Perpetual Incompletion

The conjunction of finite propagation, conservation of total defect, and entropy
production implies:

Theorem 11.1 (Perpetual Incompletion). In any finite physical system, complete
resolution of all relational defects is thermodynamically impossible.

Proof. Complete resolution requires reducing E = 0. By the first law, this re-
quires transferring all contradiction to the environment. By the second law, this
produces entropy in the environment. But the environment is finite; at some
point the thermal bath can no longer absorb further entropy, and the resolution
process must stop. At that point, the system has either resolved its local defects
at the cost of distributing them into environmental microstructure, or it retains
unresolvable defects due to finite environmental capacity. In either case, a finite
region within a finite environment cannot achieve E = 0.

This theorem encapsulates the physical foundation of the mortalty of compu-
tation and generalizes it to all physical processes. Resolution is always incomplete.
The universe cannot fully agree with itself.
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Chapter 12

The RSVP Framework as Constraint Field
Theory

The field is the only reality.

Albert Einstein

12.1 Introduction to RSVP

The Relativistic Scalar-Vector Plenum (RSVP) framework is a field-theoretic
approach that takes as primitive a scalar field Φ(x, t), a vector field ~v(x, t), and
an entropy field S(x, t), coupled by evolution equations that govern their mutual
interaction.

S

v

Φ

RSVP field portrait: coupled scalar, vector, and entropic geometry

Figure 12.1: The full RSVP glyph reappearing as an annotated field portrait.
Scalar tension Φ, directed propagation v, and entropic dispersal S are not three
independent quantities but three inseparable projections of one unfinished reso-
lution process. Coupling arrows indicate the interdependence encoded in the
RSVP evolution equations.
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In the relational-constraint interpretation developed throughout this mono-
graph, these fields acquire precise and uniform meanings that connect them to
the broader ontology. The scalar field Φ(x, t) encodes the local tension—the mag-
nitude of relational defect at position x and time t. The vector field ~v(x, t) encodes
the directed flow of constraint, recording the direction and rate at which contra-
diction is propagating through the system. The entropy field S(x, t) records the
distribution of unresolved defects across the accessible microstates at x. Together,
the three fields describe not three independent physical quantities but three
aspects of a single process: the redistribution of relational contradiction under
finite causal propagation.

12.2 RSVP Equations as Constraint Propagation

The RSVP evolution equations take the general form

∂Φ

∂t
= −∇ · ~v − λΦ + f(Φ, ~v, S), (12.1)

∂~v

∂t
= −∇Φ− µ~v + g(Φ, ~v, S), (12.2)

∂S

∂t
= DS∆S + h(Φ, ~v, S). (12.3)

Equation (12.1) governs how local tension evolves. Tension decreases when
contradiction flows outward through the divergence term−∇·~v, decays through
local resolution at rate −λΦ, and is produced or modified by nonlinear interac-
tions encoded in f . The equation is the local accounting of howmuch unresolved
contradiction a region holds, and how fast it is gaining or losing that contradiction
through transport and resolution.

Equation (12.2) governs constraint propagation. The flow of contradiction is
driven by tension gradients—regions of high tension pull propagation toward
them—and is damped by dissipation at rate −µ~v. The coupling term g allows
the entropy and scalar fields to modify the propagation direction and speed.
Together, these terms produce the transport of defect through the medium of
the field.

Equation (12.3) governs the dispersal of contradiction into microstructure.
Entropy diffuses at rate DS and is produced by defect redistribution through
the source term h. This equation captures the second-law behavior identified

46



Chapter 12. The RSVP Framework as Constraint Field Theory

in Chapter 7: contradiction moves into increasingly distributed configurations,
reducing the probability of coherent self-cancellation.

12.3 RSVP Fields as Sections of a Sheaf of Categories

The interpretation of RSVP fields as sections of a sheaf of categories grounds the
framework in a precise mathematical structure and allows its relationship to the
broader relational ontology to be made rigorous.

LetX denote the base domain—a topological space representing the physical
or semantic ground over which local data live. Rather than assigning scalar or
vector values to each open setU ⊂ X , we assign a category of local configurations.
Define a prestack

C : Open(X)op → Cat,

where each open set U is mapped to a category C(U) whose objects are local
RSVP states

R(U) = (ΦU , vU , SU , ∇U , JU , . . . )

andwhosemorphisms are admissible transitions between such states. Restriction
functors ρUV : C(U) → C(V ) for V ⊆ U encode how local RSVP data restrict
consistently to smaller regions.

A global RSVP field then corresponds to a global section of C: an assignment
of local objects that is compatible under all restriction functors. The RSVP fields
Φ, ~v, S are not primitive fields floating in space but projections of this structured
global section onto its scalar, vector, and entropic components.

Obstruction to gluing arises when local sections {si ∈ C(Ui)} fail to agree on
overlaps:

ρUi, Ui∩Uj
(si) 6= ρUj , Ui∩Uj

(sj).

This failure defines a cohomological obstruction class [ω] ∈ H1(X,F) in an
associated sheaf F derived by linearizing C. The global section exists if and only
if [ω] = 0; nonzero [ω] corresponds exactly to unresolved contradiction in the
sense of the earlier chapters. Energy is then interpretable as the norm of this
obstruction class,

E ∼ ‖[ω]‖2 ,

and the RSVP equations (12.1)–(12.3) are the flow equations governing how this
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obstruction evolves and redistributes over the base space X .

12.4 Structures as Metastable Configurations

Physical structures—particles, atoms, stars, galaxies—are metastable configu-
rations of relational defect in the RSVP framework. They persist because the
local equations of motion possess stable fixed points: configurations in which
the gradient flow of the energy functional is locally zero, even though the global
energy is not zero.

A particle is a localized concentration of contradiction that propagates co-
herently. Its mass is the energy of the defect configuration; its interactions with
other particles are the interactions of their respective defect configurations as the
propagation fronts of one encounter those of another. This is not a derivation
of particle physics but a reinterpretation of what particles are: not objects but
processes, ongoing and locally stable redistributions of relational inconsistency,
sustained by the same dynamics that would otherwise disperse them.
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Chapter 13

Null Convention Logic and the Paralleliza-
tion of Constraint Resolution

The sequence is not in the world; it is in the observer.

Karl Fant, Computer Science Reconsidered, 2001

13.1 Sequentiality as Artifact

The distinction between sequential and parallel computation is conventionally
treated as a property of hardware: sequential systems evaluate operations in a
fixed temporal order enforced by a global clock, while parallel systems distribute
operations across multiple processing units synchronized to that clock. This
distinction, however, is not fundamental to computation as such. It arises from
the imposition of a total ordering on a process that is not intrinsically ordered.
Once the global clock and its associated scheduling assumptions are removed,
computation reveals a different and more primitive structure: a partially ordered
system of constraints whose resolution is inherently asynchronous.

Null Convention Logic [1, 2] provides the most direct concrete realization of
this perspective. In NCL, computation proceeds without a global clock. Each
operation becomes enabled when its local input constraints are satisfied, and
completion is signaled explicitly by the operation itself. The system evolves
through a cascade of local completion events rather than through externally
imposed synchronized time steps. This is not an engineering trick for reducing
power consumption or managing timing margins, though it has those effects; it
is a logical reformulation of what computation fundamentally is.
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13.2 The Partial Order of Computation

Let a computation be represented as a directed acyclic graph G = (V,E), where
each node v ∈ V represents an operation and each directed edge (u, v) ∈ E

represents a dependency: the output of umust be available before v can execute.
In conventional sequential execution, a total order is imposed by the scheduler:

v1 ≺ v2 ≺ · · · ≺ vn.

This total order is not intrinsic to the computation. It is introduced externally, by
the clock and the scheduling algorithm, as one of many possible linear extensions
of the underlying structure. The intrinsic structure of the computation is not this
total order but the partial order

u ≺ v ⇐⇒ (u, v) ∈ E,

which expresses only the dependency relations that the computation actually
requires.

Define a completion function χ : V → {0, 1}, where χ(v) = 1 indicates
that node v has completed. A node v is enabled when all its dependencies are
satisfied:

v is enabled at time t ⇐⇒ ∀(u, v) ∈ E, χ(u, t) = 1.

The computation then evolves through local updates: an enabled node executes
and sets χ(v) = 1, potentially enabling further nodes. The process terminates
when no enabled nodes remain. This is the NCL execution model, and it respects
the partial order exactly without imposing any stronger constraint.

Theorem 13.1 (Sequentiality as Linear Extension). Any sequential execution of
a computation G = (V,E) is a linear extension of the partial order induced by E.
Conversely, any linear extension of this partial order corresponds to a valid sequential
execution.

Proof. A sequential execution assigns a distinct time step to each node such that if
(u, v) ∈ E then u is assigned an earlier step than v. This is precisely the definition
of a linear extension of the partial order. The converse is immediate: any linear
extension assigns an ordering consistent with all dependencies and therefore
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yields a valid execution.

The significance of Theorem 13.1 is that the sequential ordering is not unique.
Any linear extension is valid, and typically exponentially many such extensions
exist. The choice of which one to execute is entirely contingent on scheduling—it
is not determined by the computation itself.

13.3 Completion Signaling and Local Causality

In NCL, completion signals propagate locally along the edges of the computation
graph. There is no requirement for global synchronization. Each node responds
only to the states of its immediate predecessors, and the system evolves through
a cascade of purely local events.

This structure enforces a strict causal discipline: information propagates along
edges, updates occur only when dependencies are satisfied, and no operation
requires knowledge of global state. The system is therefore structurally consistent
with the principle of finite propagation that plays a foundational role throughout
this monograph. Just as physical contradiction cannot be resolved globally in a
single step but must propagate through the relational network at bounded speed,
computational constraint cannot be discharged globally in a single clock cycle
but must propagate through the dependency graph as each local completion
enables downstream operations.

Needham’s geometric approach to analysis [4] offers a useful analogy here.
Complex analysis, in Needham’s treatment, is not a manipulation of symbols but
a study of how local geometric transformations—rotations, dilations, conformal
maps—propagate through a domain. Each local transformation constrains neigh-
boring transformations through analyticity. The global behavior of a complex
function is the integrated consequence of these local constraints. Computation
under NCL semantics is structurally identical: each local completion constrains
what downstream nodes may do, and the global result of the computation is
the integrated consequence of these local consistency conditions propagating
through the graph.
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13.4 Computation as Constraint Resolution

Within the relational framework of this monograph, each dependency constraint
(u, v) ∈ E represents a requirement for compositional consistency: the output of
umust be available—the relation it embodies must be composed—before v can
consistently compute its own output. An unresolved dependency corresponds
to a local contradiction in the sense of Chapter 4: the node v cannot yet be
consistently defined within the relational system.

Define the unresolved constraint set at time t:

C(t) =
{
v ∈ V | ∃(u, v) ∈ E with χ(u, t) = 0

}
.

The computational process reduces the size of C(t) monotonically over time:

C(t+∆t) ⊆ C(t).

Defining a scalar measure E(t) = |C(t)|, we obtain a computational analog of
the energy functional of Chapter 5: the total number of unresolved constraints
plays the role of total stored contradiction, completion events play the role of
local dissipation, and the propagation of enablement through the graph plays
the role of constraint propagation through the relational network.

This gives the identification

computation = resolution of contradiction,

and produces the following structural duality between physical and computa-
tional systems. Unresolved dependencies in a computation correspond to stored
contradiction in a physical system; completion events correspond to dissipation;
propagation of completion signals corresponds to transport of constraint. The
dynamics of NCL computation and the dynamics of a constraint-propagating
physical field are the same mathematical process instantiated in different sub-
strates.
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13.5 The Illusion of Sequence and the Reality of Par-
tial Order

Theorem 13.1 establishes that sequential execution is a projection of a more primi-
tive partial-order structure. This has an implication that is worth stating explicitly:
computation is not inherently sequential. Sequentiality is imposed externally, by
the scheduler, on a process that is fundamentally parallel in the sense that all
operations whose constraints are simultaneously satisfied are simultaneously
available for execution.

This dissolves what might otherwise seem to be a fundamental hardware
question—whether one needs parallel processing units to exploit parallelism—
into a purely logical question about the structure of the dependency graph.
Parallelism is not a property of hardware but a property of the partial order.
Hardware with multiple processing units exploits it explicitly; hardware with a
single processing unit exploits it implicitly through pipelining and speculative
execution; NCL-style circuits exploit it through completion-driven activation. In
all cases, the underlying structure is the partial order, and the differences are in
how much of its parallelism is physically realized at any given moment.

This argument must be stated with precision to avoid a common misreading.
The claim is not that specialized parallel hardware is irrelevant to performance; it
clearly is relevant. The claim is that the logical necessity of global synchronization
is an artifact of a particular execution model, not an intrinsic feature of computa-
tion. A computation’s dependency structure determines which operations must
precede which, and that structure is a partial order, not a total one.
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Chapter 14

Categorical Formulation: Composition, Ob-
struction, and Derived Energy

A topos is a category that behaves like the category of
sets, except that it need not.

Saunders Mac Lane and Ieke Moerdijk

14.1 From Relations to Morphisms

The relational system introduced in Chapter 4 can be expressed more precisely
in categorical language, and this reformulation is not merely notational. It
brings into view structural features—functoriality, coherence conditions, de-
rived objects—that are obscured when the framework is stated purely in terms
of group-valued edge labels on graphs.

Let C be a category whose objects represent local configurations and whose
morphisms represent admissible transitions or consistency-preserving relations
between configurations:

Ob(C) =
{
local states

}
, Hom(A,B) =

{
consistent relations A→ B

}
.

Composition of morphisms g ◦ f : A→ C represents the chaining of relations,
and the composability requirement is exactly the consistency condition of the
relational framework: relations compose when and only when they are mutually
compatible.

A loop in C is a composable sequence of morphisms returning to the initial
object:

A
f−→ B

g−→ C
h−→ A.
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The loop is consistent if h ◦ g ◦ f = idA. The obstruction is

Ω = h ◦ g ◦ f,

and a defect is present if and only if Ω 6= idA. This is the direct categorical
translation of the loop holonomy of Chapter 4 and the plaquette product of
Chapter 9.

Definition 14.1. Let L denote the collection of loops in C. The categorical energy
functional is

E =
∑
`∈L

‖Ω` − id‖2 ,

where ‖·‖ is a norm on the endomorphism monoid of the relevant object.

Energy is zero if and only if all diagrams commute; it is positive precisely
when some diagram fails to commute. Dynamics is the flow on the space of
morphisms that attempts to reduce E, and finite propagation constrains this flow
to act locally.

14.2 Derived Obstruction and the Ext Interpretation

The definition above captures surface-level obstruction: the failure of a single
diagram to commute. A derived formulation asks a deeper question: what is the
algebraic remainder that persists when gluing fails, and can this remainder be
classified in a way that respects the structure of the system?

Let A be an abelian category of local state objects—for example, modules
encoding field configurations or semantic states—and letD(A) denote its derived
category. For objectsA,B ∈ A, the group Ext1(A,B) classifies equivalence classes
of short exact sequences

0→ B → E → A→ 0.

Such a sequence splits—decomposes as a direct sum E ∼= A ⊕ B—if and only
if the corresponding class ξ ∈ Ext1(A,B) is trivial. A nontrivial class ξ 6= 0

represents a hidden coupling between A and B that cannot be decomposed into
independent components: A and B are entangled through a non-split extension.
We interpret such entanglement as stored contradiction.
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Definition 14.2. The derived energy associated with an obstruction class ξ ∈
Ext1(A,B) is

E(ξ) = ‖ξ‖2

for a norm on Ext1(A,B) induced by the structure of the abelian category.

The higher extension groups Extn(A,B) for n ≥ 2 encode obstructions of
higher order: incompatibilities not of the states themselves but of the ways in
which corrections to those states can be composed. A first-order mismatch is
a direct failure of composition; a second-order mismatch is an incompatibility
in the ways repair processes can be assembled. This hierarchy corresponds to
the observation, noted in the phenomenological discussion of Chapter 3, that
complex systems do not merely fail locally but accumulate whole hierarchies
of deferred repair, each deferred correction generating further obligations that
cannot themselves be straightforwardly discharged.

Dually, the torsion groups TorR1 (A,B) measure incompatibility under tensor
product over a base ring R. Where Ext captures hidden extension structure—
the ways A can be non-trivially extended by B—Tor captures the residue of
composition: the constraint that remains when two objects are brought into
contact and fail to combine freely. In the physical setting, Tor corresponds to
interaction energy: the burden that arises not from internal structure of the
objects alone but from their failure to compose cleanly.

14.3 Sheaf Cohomology and Global Obstruction

To encode locality, let X be the base space (physical spacetime, a computation
graph, or a semantic domain) and let F be a sheaf of abelian groups over X
obtained by linearizing the sheaf of categories C described in the previous chapter.
The Čech or derived cohomology groups

Hk(X,F)

classify obstructions to gluing local sections into global ones. A local section
si over Ui represents a locally consistent field configuration. The obstruction
to assembling a global section from compatible local ones lies in H1(X,F): a
nontrivial class [ω] ∈ H1(X,F) means that the local sections cannot be glued, no
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matter how one attempts the assembly. Higher cohomology groups Hk(X,F)
classify obstructions of higher order—obstructions to gluing the obstructions
themselves.

The energy of the system is the norm of this cohomological class:

E ∼ ‖[ω]‖2 .

Entropy, in this language, becomes the growth of cohomological complexity: as
the system evolves, unresolved contradiction migrates from low-degree cohomol-
ogy (concentrated, potentially accessible to local correction) into higher-degree
cohomology (diffuse, requiring coordinated global intervention to resolve). A
low-entropy systemhas its obstruction concentrated inH0 andH1; a high-entropy
system has it distributed across all degrees. We may write this formally as

S(t) ∼
∑
n≥0

αn log dimHn(X,Ft),

where αn are weights reflecting the inaccessibility of degree-n obstruction to
macroscopic correction processes. Entropy increase is then the statement that
obstruction migrates toward higher degrees under the dynamics of the system.

14.4 Monoidal Structure and Interaction

Introducing a symmetric monoidal structure (C,⊗, I) allows independent subsys-
tems to be composed. For objects A,B ∈ C, the tensor product A⊗B represents
the joint configuration of two subsystems. Compatibility of independent compo-
nents requires that their combined diagram commutes whenever the individual
diagrams do—that is, that obstruction factorizes: ΩA⊗B = ΩA ⊗ ΩB.

When this factorization fails—when ΩA⊗B 6= ΩA ⊗ ΩB—the two subsystems
are not truly independent. Their interaction generates additional obstruction
that is not present in either system alone. This non-factorization is the categori-
cal description of interaction energy: the extra constraint generated when two
systems are brought into contact, corresponding physically to binding energy,
interaction potentials, and correlation structure.
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14.5 Functorial Dynamics and Computation

Let D be a category of more fully resolved configurations. A computation in the
categorical sense is a functor

F : C → D

that maps configurations with higher obstruction to configurations with lower
obstruction. Functoriality requires F (g ◦ f) = F (g) ◦ F (f). This condition is
violated precisely when C contains obstructed diagrams: the functor cannot
consistently map a non-commuting diagram in C to a commuting one in D
without either failing functoriality or mapping the obstruction into the structure
of D rather than eliminating it.

Computation is therefore the process of enforcing functoriality—of finding
a map F that reduces Ω → 0 while preserving as much relational structure as
possible. The thermodynamic cost of computation, in this language, is the cost
of constructing F : any functor that eliminates obstruction in C must produce
entropy in the environment, exactly as established by Landauer’s principle and
the mortality of computation theorem.

Finite propagation enters the categorical picture as a causal constraint on
the functor F : corrections to morphisms in C propagate through chains of com-
position at bounded rate. This prevents F from instantaneously eliminating
all obstruction globally. Local diagrams may be made to commute, but global
coherence—the vanishing of all higher cohomology—is always deferred. The
universe executes a functor that never quite achieves full functoriality.

14.6 Maxwell Theory from Lattice Commutativity
Defects

The foregoing abstract framework connects directly to classical electromagnetism
when the categorical structure is chosen appropriately. Let L be a lattice approxi-
mating a region of spacetime. The lattice can be regarded as a category: its objects
are cells (vertices, edges, faces, higher cells), and its morphisms are the inclusion
and boundary maps of the cell complex. A gauge field is then a functor from this
incidence category into the category of U(1) representations—equivalently, an
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assignment of a transport element Ue ∈ U(1) to each oriented edge e, satisfying
the consistency condition U−e = U−1

e .

Writing Ue = eiAe for a real-valued connection coefficient Ae, the holonomy
around a minimal square plaquette pwith boundary ∂p is

Wp =
∏
e∈∂p

Ue.

IfWp = 1, the plaquette diagram commutes exactly and contributes zero to the
energy. Otherwise the curvature defect

Fp = logWp

is nonzero. The total energy is

E =
∑
p

|Fp|2,

the sum of squared curvature defects over all plaquettes, which is exactly the
Wilson action of lattice gauge theory [6].

Taking the continuum limit as lattice spacing a → 0, the plaquette curva-
ture becomes the field strength tensor Fp → Fµν a

2, and the energy functional
converges to

SEM ∼
∫
FµνF

µν d4x.

Variation of this action produces Maxwell’s equations dF = 0 and d∗F = 0,
or in terms of the potential, �Aµ = 0 in Lorenz gauge. Electromagnetic radia-
tion is therefore the propagation of curvature defects—the movement of loop
non-commutativity through the lattice under the gradient flow of the energy
functional. Needham’s observation [4] that complex analysis is fundamentally
the study of local geometric transformations propagating through a domain is
realized here in its field-theoretic form: the wave is not a thing that moves but a
propagating process of diagram correction.
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14.7 Null Convention Logic as Sheaf Gluing

The connection between NCL-style asynchronous computation and the sheaf-
theoretic framework can now be stated precisely, closing the loop between the
computational and physical interpretations of constraint propagation.

Let {Ui} be a cover of a computational domain X , where each Ui is the re-
gion of the computation that a local processing unit is responsible for. A local
computation on Ui produces a local section si ∈ C(Ui)—a locally consistent as-
signment of outputs to the operations in that region. In NCL semantics, this
section is constructed incrementally: as inputs arrive from neighboring regions
(via completion signals propagating along dependency edges), the local section
is extended until the local completion condition is satisfied.

Gluing requires that on overlapping regions, local sections agree:

ρUi, Ui∩Uj
(si) = ρUj , Ui∩Uj

(sj).

This is exactly the NCL completion condition: a node can signal completion
only when its outputs are consistent with what neighboring regions expect as
inputs. Commitment—the act of signaling completion and making one’s output
available to downstream operations—is the act of asserting that the local section
is ready to be glued to the sections of neighboring regions.

NCL computation is therefore a constructive realization of sheaf gluing under
finite propagation and asynchronous completion semantics. Sequential com-
putation corresponds to one extreme: a total ordering imposed on the gluing
process, in which each section is extended by exactly one operation at each step.
Maximally parallel computation corresponds to the other extreme: all gluings
that are currently possible are performed simultaneously. The underlying sheaf
structure is the same in both cases; the difference is purely in how much of its
parallelism is exploited at each moment.

The obstructions that arise when local sections cannot be glued correspond,
in NCL, to deadlock or consistency violations: situations in which a node cannot
signal completion because its inputs are inconsistent with its own computation.
These are exactly the computational analogs of nontrivial cohomological classes—
obstructions that cannot be resolved locally and require global reorganization to
discharge.
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14.8 Homotopy, Higher Structure, and Obstruction
Classes

Once contradiction is interpreted as failure of gluing or composition, homotopy
enters naturally. A loop defect is a topological invariant of the configuration
space.

Definition 14.3. A topological loop defect corresponds to a nontrivial element of
π1(C), the fundamental group of the configuration space.

Theorem 14.4 (Loop Defects as Homotopy Invariants). If a loop γ represents a
nontrivial class in π1(C), then its defect cannot be removed by any local homotopy
preserving boundary conditions.

Proof. Anontrivial element of π1(C) is not null-homotopic. Any local deformation
preserving boundary conditions remains within the same homotopy class, so
the loop cannot be contracted and the obstruction cannot be removed.

Corollary 14.5. Higher-order inconsistencies correspond to nontrivial higher homotopy
groups πn(C) and, after abelianization, to higher cohomological classes Extn(A,B).

This hierarchy provides a precise grading of contradiction by order: first-
order obstruction is the failure of path composition (π1); second-order is the
failure of homotopy composition (π2); and so on. The derived stack formalism is
the algebraic home for organizing these graded obstructions.

14.9 The Unified Ontology

The categorical formulation brings all the threads of the monograph into a single
coherent picture. Energy is the norm of derived obstruction: it measures how
far the category of local configurations is from having all its diagrams commute.
Dynamics is the flow on the space of morphisms that attempts to reduce this
norm while respecting finite propagation. Dissipation is the redistribution of
obstruction from low-degree to high-degree cohomology. Entropy is the growth
of cohomological complexity. Computation is the construction of a functor that
reduces obstruction at thermodynamic cost. Fields are sections of a sheaf of
categories. Physical structure—particles, waves, stable configurations—consists
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of metastable patterns of obstruction that propagate coherently rather than
dispersing.

The summary is

contradiction ≡ failure of commutativity / non-split extension,

energy ≡ ‖obstruction class‖2 ,

dynamics ≡ gradient flow toward commutativity under finite propagation,

entropy ≡ growth of cohomological complexity,

computation ≡ functorial enforcement of consistency at thermodynamic cost,

fields ≡ sections of a sheaf of categories,

NCL ≡ sheaf gluing under asynchronous completion semantics.

Reality is a derived sheaf of partially compatible local worlds, evolving under
equations that attempt to resolve its internal contradictions and never quite
succeeding.
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Part IV

Implications and Open Problems
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Chapter 15

Cognition, Perception, and the Management
of Contradiction

The brain is a prediction machine.

Karl Friston, paraphrased

15.1 Perception as Defect Reduction

In the relational-constraint framework, perception is the process by which an
organism reduces the contradiction between its internal model of the world and
the sensory constraints imposed by the world.

internal model

sensory world

Perception as defect reduction across the model–world boundary

Figure 15.1: The master glyph (Figure 1.1) internalised. Scalar contours span
both the internal model and the external sensory domain; contradiction is the
mismatch at the boundary between them. Directed flows represent prediction
(outward) and prediction-error correction (inward). Perception is the continuous
reduction of this boundary defect.

Let x denote the internal state of the organism (its beliefs, expectations, predic-
tions) and y denote the sensory input. The organism experiences a contradiction
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when
‖y − f(x)‖2 > 0,

where f(x) is the organism’s prediction of what its senses should report given
its internal state x. Perception is the process of updating x to reduce this contra-
diction:

x∗ = argmin
x
‖y − f(x)‖2 + λR(x),

where R(x) is a regularization term encoding prior beliefs.
This is exactly the structure of constraint propagation under local consistency

pressure. The organism’s perceptual system is a defect-minimizing process
operating on the relational system defined by sensory data and internal model.

15.2 Predictive Processing

The predictive processing framework in cognitive science (associated with Karl
Friston, Andy Clark, and others) proposes that the brain’s primary function is
to generate predictions about sensory inputs and to update its internal models
when predictions fail.

In the relational framework, this translates directly: the brain maintains a
relational system (an internal model) and continuously measures its defect
against incoming sensory data. Prediction error is defect. The brain minimizes
prediction error by updating its internal relational structure.

Attention, in this framework, is the allocation of resolution capacity: which
loops in the internal-sensory relational system to prioritize for defect reduction.
Selective attention is selective contradiction management.

15.3 Consciousness as Integrated Resolution

We offer, tentatively, the following interpretive claim: consciousness is the inte-
gration of defect-reduction processes across multiple scales of the organism’s
relational system.

A conscious moment is not a snapshot of a state but the active process of
reconciliation—sensory, proprioceptive, predictive, social, linguistic—operating
simultaneously and interacting. What we experience as the unity of conscious
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experience is the coherent integration of multiple defect-reduction processes into
a single propagating resolution front.

This is speculative, and we do not claim it as established. But it is structurally
consistent with what we know: consciousness correlates with integrative brain
activity; disruptions of integration disrupt consciousness; the qualitative charac-
ter of experience tracks the content of the reconciliation process rather than the
content of any particular stored state.
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Chapter 16

Artificial Intelligence and Epistemic Entropy

16.1 Model Collapse as Relational Decomposition

Model collapse—the degradation of AI system performance under recursive self-
training—is, in the relational framework, a failure of compositional grounding.

The relational system of a language model can be understood as a graph of
associations between tokens, contexts, and world-states. The model’s quality
depends on the coherence of this graph: whether the relations in it compose
consistently with underlying facts about the world.

Training on world-generated data constrains these relations. Training on
model-generateddata introduces relations that are consistentwith each other (the
model’s internal structure is self-consistent) but not necessarily consistent with
the world. Over successive rounds of self-training, the loop defects accumulate:
the model becomes increasingly internally consistent and increasingly externally
incoherent.

This is epistemic entropy: the relational system of the model becomes increas-
ingly decoupled from the external constraints that would give its representations
physical and semantic grounding. The energy of the model (in the relational
sense: themagnitude of unresolved external contradiction) grows invisibly while
the apparent internal coherence is maintained.

16.2 Alignment as Constraint Compatibility

AI alignment, in the relational framework, is the problem of ensuring that the
relational structure of an AI system is compatible with the relational structure of
human values and intentions.

Misalignment is a form of loop defect: the relations that the AI system op-
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timizes are not compatible with the relations that constitute human wellbeing.
The system’s relational structure fails to compose with the relational structure of
the values it is supposed to serve.

Alignment research is then the project of constructing relational systems
whose loop defects with human values are minimized. This reframes alignment
as a consistency problem—a problem in relational geometry—rather than a
specification problem.

16.3 Stability, PhaseTransitions, andModelCollapse

Model collapse is a phase transition in the constraint geometry of the model’s
representational landscape: a qualitative change in the organization of local
minima under continued training dynamics.

Definition 16.1. A representational phase transition occurs when distinct attractors
in model configuration space merge, destroying previously stable distinctions
between internal representations.

Theorem 16.2 (Collapse as BasinMerger). Suppose a learning system has an effective
energy landscape Emodel with multiple local minima corresponding to distinct semantic
basins. If training reduces inter-basin barriers below the characteristic noise scale, the
basins merge and representational collapse occurs.

Proof. When barrier heights exceed the noise scale, gradient trajectories remain
confined to distinct basins. Once barriers are suppressed below the noise scale,
transitions between basins become frequent and the minima are no longer
dynamically separated. The effective number of distinct attractors decreases
discontinuously—the signature of a phase transition.

This identifies collapse not with accuracy degradation but with geometric
flattening: the loss of distinct basins is the loss of themodel’s capacity tomaintain
contradistinction between concepts. The entropy and defect framework predicts
exactly this outcome when relational consistency constraints are progressively
degraded by self-referential training.

68



Chapter 17

Political Economy as Constraint Geography

17.1 Production and the Grounding Relation

The central relation of political economy is the grounding relation: the connec-
tion between claims on value (money, instruments, titles, promises) and the
productive activity that generates value. A healthy economy is one in which
this grounding relation composes cleanly: following the chain from claim to
production to resources to labor returns a consistent loop.

Exocapitalism, as analyzed in Chapter 3, is the systematic severing of this
grounding relation. Financial abstraction creates claims that do not compose
cleanly with productive activity. The loop defect accumulates as hidden struc-
tural burden, manifesting in asset price inflation, productive sector stagnation,
and periodic cascades.

17.2 The Political Economy of Entropy

In the relational framework, inequality is a form of defect concentration: the
unresolved contradictions of an economic system are not distributed uniformly
but accumulate at specific nodes—at the interface between abstracted claims and
productive grounding.

High inequality corresponds to a system in which the defects (the obligations
that have not been resolved into productive activity) are concentrated in specific
populations. Those populations bear the burden of the system’s accumulated
hidden constraint.

This is not a normative claim (though it has normative implications); it is
a structural observation. The distribution of defects in an economic relational
system determines who bears the cost of its unresolved contradictions.
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17.3 Constraint Gradients and Extraction Fields

Definition 17.1. An extraction field is a directed structure on an economic network
that channels productive effort toward nodes with asymmetric claim power over
outputs.

Theorem 17.2 (Flow Toward Steepest Economic Gradient). Let U be an economic
potential encoding asymmetric claim power. If agents adapt locally tomaximize immediate
return, then aggregate effort current aligns with the descending gradient:

J ∼ −∇U.

Proof. Each local adaptation step moves toward higher U . Viewed as burden
transport, effort flows toward lower U , giving J ∼ −∇U . Aggregation follows
from linearity of the local adaptation assumption.

This places economic extraction in the same formal family as diffusion and
gradient descent on the obstruction functional, with the economic potential U
playing the role of scalar tension Φ. The primary structural difference is that
constraints defining U are institutional rather than physical, and therefore subject
to deliberate modification in a way that physical constraints are not.

Economic extraction as flow down a structural gradient

Figure 17.1: Distributed effort channeled toward a concentrated potential well.
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Chapter 18

Augmented Perception and the Constraint In-
terface

The question is not what you look at, but what you see.

Henry David Thoreau, Journal, 1851

18.1 The Interface as Bottleneck

The preceding formalism establishes that computation is not fundamentally
the execution of discrete symbolic steps but the local resolution of constraint
within a structured field. If this is taken seriously as a practical claim rather than
merely a theoretical one, the primary limitation in contemporary computing is
not processing power but the interface through which humans engage with and
shape these fields. Processors resolve contradiction at extraordinary speed; the
bottleneck lies in the bandwidth and structure of the channel through which
human intention and environmental constraint enter the computational process.

Augmented reality systems constitute a direct attempt to address this bottle-
neck. The premise of such systems is that by overlaying computational output
onto the perceptual field, the boundary between the physical environment and
the semantic layer of computation can be dissolved or at least rendered more
permeable. The history of this project is instructive because its early failures are
structural rather than merely technical, and understanding them clarifies what
success would require.
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18.2 The Failure of Early Augmented Reality

The first generation of consumer augmented reality eyewear was widely rejected,
and the rejection was not irrational. These systems failed not because the un-
derlying idea was mistaken but because they imposed a new modality on the
perceptual field rather than integrating with its existing constraint structure.
They produced overlays without situating those overlays within the semantic
and physical continuity of lived experience. A notification floating in the visual
field does not reduce contradiction; it introduces a new one, a mismatch between
the rhythm of embodied attention and the demands of a screen that happens to
be positioned at the boundary of the eye’s focal plane. The cognitive burden was
not redistributed but increased.

In the language of the earlier sections, these systems generated local contra-
dictions in the perceptual relational network without providing mechanisms
for resolving them. They added energy to the system rather than dissipating it.
The user experienced this as friction, and friction at the interface level is fatal to
adoption regardless of the underlying system’s theoretical capabilities.

The deeper structural problem was that these devices did not begin from an
existing constraint that needed resolution. They began from a hypothetical use
case and attempted to retrofit the perceptual field to serve it. This is the inverse
of the correct strategy, which is to identify contradictions already present in the
perceptual system and provide mechanisms for their local reduction.

18.3 Grounding in an Existing Constraint: Visual
Accessibility

The emerging generation of augmented eyewear signals a reversal of this strategy.
Systems being integrated into standard optical frames and distributed through
optometric channels begin from a constraint that is already present and already
experienced as a deficiency: the need to resolve perceptual ambiguity arising
from vision impairment, small print, or illegible text at distance. The immediate
utility of real-time text enhancement is not a gimmick. It is an anchor. It grounds
the device in a contradiction that exists prior to the device’s introduction, and it
demonstrates resolution of that contradiction with sufficient reliability to justify
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the sustained attentional commitment that further use requires.
This anchoring is crucial to understanding why this generation may succeed

where the first failed. From the perspective of the relational-constraint framework,
a device that begins by resolving a pre-existing defect in the perceptual system
earns the trust of the perceptual apparatus. It inserts itself into the existing
constraint-resolution process rather than demanding that the process reorganize
around it. The user’s perceptual system does not experience the device as an
imposition but as an extension of its own defect-reduction activity.

Once this trust is established—once the device has demonstrated that it re-
duces rather than increases the contradiction load of everyday perception—the
way is open for deeper integration. The device that began as a lens prescription
supplement becomes a participant in the semantic enrichment of the environ-
ment.

18.4 Augmented Perception as a Live Semantic Field

Once embedded in everyday use, augmented perception systems effectively
transform the environment into a continuously evolving semantic field. Each
visual scene becomes a domain over which relations may be inferred, extended,
and resolved in real time. A person walking through a city while wearing such a
system does not merely observe the city; they inhabit a perceptually enriched
version of it in which buildings carry histories, objects carry functions, signs carry
translations, and ambiguous stimuli are disambiguated continuously. Physical
space becomes a substrate for semantic computation.

Embodied trajectory through a live semantic field

Figure 18.1: A user’s motion becomes a computational trajectory through a se-
mantically enriched environment. Each ellipse is a local section of the perceptual
semantic sheaf; each encounter node marks a site where the trajectory resolves a
local contradiction. The path itself is the computation.
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In the language of the sheaf-theoretic framework developed earlier, each
perceptual frame corresponds to a local region U ⊂ X , and the augmented
system constructs a section

sU ∈ C(U)

that enriches the raw sensory input with inferred relational structure. As the
observer moves through space, these local sections must be reconciled across
overlaps: the semantic annotation of a building encountered from the left must be
consistent with its annotation encountered head-on. The environment becomes
a dynamic sheaf of semantic information, and continuous perception becomes a
process of navigating and partially resolving its gluing conditions.

This produces a qualitatively different mode of interaction with the world.
Rather than querying a device explicitly, the user inhabits a space in which
queries are implicit and resolution is ongoing. The boundary between perception
and computation begins to dissolve, not because the computation is hidden, but
because it is continuous with the perceptual process rather than separate from it.

18.5 Embodied Trajectories and the Reacquisition of
Naive Physics

The most significant long-term implication of augmented perceptual systems
may not lie in their ability to display additional information but in their capacity
to transform ordinary movement into a continuous site of physical learning.

Human understanding of the physical world is not originally acquired
through formal instruction but through repeated interaction with trajectories.
Infants develop an intuitive grasp of gravity, inertia, collision, and stability by
observing and participating in motion: objects fall, bodies accelerate, surfaces
resist, and trajectories unfold in time. This process produces what developmental
psychologists describe as naive physics, a pre-theoretical but highly effective
model of the world grounded in embodied experience rather than symbolic
reasoning.

In contemporary environments, much of this continuous feedback is atten-
uated or ignored. Motion is experienced but not actively modeled; trajectories
occur but their structure is not made explicit; the perceptual system registers
outcomes without isolating the constraints that produced them. Formal physics

74



Chapter 18. Augmented Perception and the Constraint Interface

education consequently appears disconnected from lived experience, requiring
symbolic reconstruction of principles that were once—in the developmental
sense—implicitly and bodily known.

Augmented perceptual systems reintroduce this connection by embedding
lightweight physical modeling directly into the perceptual field. When a per-
son moves, throws an object, or walks along uneven terrain, the system may
highlight trajectories, predict paths, or indicate force relations in a minimal and
context-sensitive manner. The goal is not to replace naive intuition with explicit
instruction but to reinforce and refine the existing trajectory-based understanding
by making its implicit structure perceptible. Each motion defines a path γ(t)
through a physical-semantic field; the system associates to this path a local vector
field v(γ(t)) and a set of inferred constraints governing its evolution, and relates
observed motion to these inferred structures continuously.

This process mirrors the original acquisition of naive physics but operates
at a higher level of refinement. The environment becomes a dense surface of
micro-experiments in which each step, each impact, each oscillation provides
data for the ongoing calibration of the internal physical model. Importantly,
this does not require heavy annotation or intrusive overlays. Even subtle cues—
faint trajectory arcs, predicted landing points, temporal smoothing of motion
discontinuities—can guide attention toward the underlying constraint structure
of events. Over time these cues may be internalized, allowing the external system
to recede while leaving a strengthened and more accurate internal model.

18.6 Body Kinematics and Self-Modeling

The reacquisition of naive physics through embodied trajectories extends natu-
rally to the body itself. Just as external objects trace paths through space governed
by constraint, the human body is a dynamical systemwhose motion is structured
by joint limits, force transmission, balance mechanics, and inertia. This internal
physics is ordinarily learned implicitly during development and only partially
refined thereafter; many people reach adulthood with significant inefficiencies
in movement patterns that no explicit instruction has identified or corrected.

The bodymay be modeled as a configuration manifoldMwith instantaneous
state q(t) ∈ M and velocity q̇(t) ∈ Tq(t)M. Admissible motion is governed by
a system of constraints—holonomic constraints arising from joint geometry,

75



Energy as Contradiction

nonholonomic constraints arising from contact and friction, and soft constraints
arising from learned movement norms—that restrict the accessible trajectories in
M. Learning body kinematics corresponds to discovering the structure of these
constraints and their interactions across time scales.

Within the relational-constraint framework, the body is not separate from
the semantic field but embedded within it as an active participant. External
trajectories γ(t) and internal trajectories q(t) are coupled: the motion of the
body produces motion in the environment, and the response of the environment
constrains themotion of the body. The combined system forms a joint trajectory in
an extended space of interaction. Augmented feedback allows the user to perceive
this coupling more directly—a jump becomes not merely a vertical displacement
but a coordinated sequence of force generation, energy transfer, and trajectory
shaping—and small deviations from kinematically consistent motion become
visible as deviations from a locally consistent path in the constraint field.

Over time this produces a refinement of proprioception: an increasingly ac-
curate internal model of one’s own motion, analogous to the way that interaction
with external objects refines naive physics. The process can be understood for-
mally as the reduction of mismatch between intended and actual trajectories,
‖qintended(t)− qactual(t)‖ → 0, driven by continuous feedback rather than discrete
correction. The significance of this unification is that physics ceases to be an
abstract system describing external objects and becomes a continuous process
that includes the body as an active participant whose own dynamics are subject
to the same laws and the same inferential apparatus.

18.7 Continuous Input and the Expansion of the Con-
straint Surface

The developments described here parallel a longer trajectory in the history of
human-computer interaction: the transition from discrete input events to contin-
uous interaction fields. Keyboards discretize intention into individual keystrokes;
later systems admitted continuous streams of gesture or speech; the emergence
of continuous audio input through persistent microphones and real-time speech
recognition extended this continuity into the temporal domain. Each transition
expanded the surface area of the constraint interface—the dimensionality of the
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channel through which human activity shapes computational process—and with
it the resolution at which the computational system could track and respond to
human intention.

Augmented visual perception extends this expansion into the spatial domain.
Instead of resolving isolated queries submitted at discrete moments, the system
maintains coherence across an ongoing stream of partial perceptual information
whose structure is determined by the user’s continuous movement through a
physical environment. This is precisely the regime inwhich the earlier framework
applies most directly: computation as asynchronous local resolution of constraint
within a partially ordered system whose state evolves continuously rather than
in response to explicit commands.

The convergence of continuous audio input, visual augmentation, and local
constraint-propagating computation suggests a unified interface paradigm in
which all sensory modalities participate in the same underlying process. The
query-response model of computation gives way to a model in which computa-
tion is ambient: always in progress, driven by the evolving state of the user and
environment, and surfacing results not as discrete responses but as continuous
adjustments to the semantic layer of perception.

18.8 Future Directions: Toward Ambient Computa-
tion

The trajectory implied by these developments points toward a form of ambient
computation in which the distinction between system and environment becomes
increasingly indeterminate. Devices no longer function as external tools that are
invoked and dismissed but as persistent participants in the ongoing construction
of a shared semantic field. Computation is not localized to a processor or a device
but distributed across perception, action, and physical interaction. Local com-
putations occur continuously, and commitment—the stabilization of a computa-
tional result into an accepted part of the shared semantic environment—emerges
through the progressive satisfaction of gluing conditions across overlapping local
sections.

Several concrete directions follow from this picture. One is the refinement of
local completion criteria: mechanisms that allow a system to determine when a
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semantic augmentation is sufficiently consistent with its neighbors to be propa-
gated or committed rather than revised. Another is the development of conflict-
resolution mechanisms for overlapping interpretations, which correspond in the
sheaf-theoretic language to higher-order obstruction: situations in which locally
consistent sections fail to glue globally and require non-local reorganization
to resolve. A third is the development of shared semantic fields—augmented
environments in which multiple users’ local sections are continuously reconciled
against each other, producing a collaborative constraint-propagation process
whose output is a collectively maintained relational structure.

More broadly, the integration of augmented perception with constraint-based
computation opens the possibility of an environment in which understanding
is not retrieved from a database but continuously constructed through interac-
tion. The environment becomes not a backdrop for computation but its primary
medium, and the distinction between perceiving the world and computing about
it dissolves into the single process of navigating a relational field under local
consistency pressure.
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Chapter 19

Contragrade Computation: Trajectories, Dis-
crete Systems, and Equivalence

The art of doing mathematics consists in finding that
special case which contains all the germs of generality.

David Hilbert

19.1 Contragrade Computation Defined

The preceding chapters have introduced computation as the local resolution
of constraint and traced this idea through continuous field dynamics, categori-
cal formalism, and augmented perceptual systems. We now develop the idea
more explicitly as a computational model, which we call contragrade computation,
and show how it unifies continuous gradient flow, discrete graph relaxation,
and asynchronous completion-driven logic as three representations of the same
underlying process.

A contragrade process is one in which computation proceeds not by advanc-
ing through a predefined sequence of instructions but by moving against local
inconsistency. Each step is directed by the immediate structure of constraint in
the neighborhood of the current state rather than by a global program counter
or a total ordering imposed by an external scheduler. The system evolves by
continuously reducing the mismatch between its current state and the conditions
imposed by its relational environment. In this sense, computation is contragrade
to contradiction: it moves in the direction that diminishes local defect.

Let X denote a state space endowed with a constraint structure. A compu-
tation is represented by a trajectory x(t) ∈ X whose evolution is governed by a

79



Energy as Contradiction

local vector field
dx

dt
= v(x),

where v(x) is oriented toward the reduction of local contradiction as measured
by an energy functional E : X → R≥0. More precisely, v(x) ∼ −∇E(x), so the
trajectory satisfies dE

dt
≤ 0. Each infinitesimal step of the trajectory constitutes a

computational act: the system does not execute instructions; it follows gradients
of consistency. The trajectory itself is the computation.

19.2 Local Completion and Commit Semantics

Contragrade computation introduces a principled separation between local evo-
lution and global commitment. A trajectory evolves continuously under v(x), but
its results are incorporated into the broader system only when a local completion
condition is satisfied. Let C(x) be a predicate indicating that the system has
reached a state of sufficient local consistency. Then a trajectory segment is con-
sidered complete when C(x(t)) = true, and at such points the system performs
a commit operation

xglobal ← merge(xglobal, x(t)).

Between commit events, the computation remains local and does not require
synchronization with the global state. This allows multiple trajectories to evolve
independently and concurrently, each resolving constraint in its own region of
the state space, without any requirement that they be coordinated by a global
clock.

This separation of execution from commitment is the key structural feature
of contragrade computation. It is not a hardware optimization but a logical
necessity: in any system governed by finite propagation, global consistency
cannot be verified or maintained instantaneously. Commitment must therefore
be local and incremental, driven by the satisfaction of local completion conditions
rather than by global synchronization.
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19.3 Embodied Motion as Contragrade Computation

The identification of computation with trajectory evolution is not merely formal;
it has a direct embodied realization. When a person moves through space, their
body traces a trajectory q(t) ∈ M through the configuration manifold of the
body. This motion is not arbitrary. It is constrained by biomechanics, balance,
environmental interaction, and learned expectations. Each postural adjustment
corresponds to a local correction that reduces mismatch between the intended
trajectory, the current kinematic state, and the constraints imposed by the support
surface and gravitational field.

Movement is therefore contragrade computation in the literal sense: the body
continuously integrates local feedback, adjusting its trajectory to satisfy physical
constraints, and does so without any global program specifying each micro-
action. Control emerges from the interaction of local constraints propagating
through the musculoskeletal system. From this perspective, the computational
architecture of the body is not sequential but distributed, not clock-driven but
completion-driven, not instruction-following but constraint-satisfying. The body
has always been a contragrade computer; what augmented perceptual systems
add is the ability to make the constraint structure more explicitly available to
conscious attention.

19.4 Discrete Contragrade Computation

The continuous formulation may be recast in discrete form without altering its
conceptual content, and the discrete version is useful both for implementation
and for establishing the connection to graph-based and logic-based computation.

Let G = (V,E) be a directed graph. Each vertex i ∈ V represents a local
computational site, and each edge (i, j) ∈ E represents a dependency or influence
relation between sites. To each vertex we assign a local state xi(t) ∈ S, where
S is a state space (discrete or continuous depending on the application). The
global state at time t is X(t) = (xi(t))i∈V .

For each vertex i, let N (i) = {j ∈ V | (j, i) ∈ E or (i, j) ∈ E} denote its local
neighborhood, and let κi(X) ≥ 0 be a local inconsistency functional measuring
the degree to which the state at i fails to satisfy the constraints induced by its
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neighbors. The total contradiction of the system is K(X) =
∑

i∈V κi(X).

A local update rule is a function Fi : S |N (i)|+1 → S such that xi(t + 1) =

Fi(xi(t), (xj(t))j∈N (i)). The defining property of contragrade computation is that
Fi is chosen to reduce local contradiction whenever possible, so that κi(X(i)) ≤
κi(X), where X(i) denotes the global state obtained by updating only the ith
coordinate. In the strongest form, the update is the local minimizer:

xi(t+ 1) = argmin
y∈S

κi(x1(t), . . . , xi−1(t), y, xi+1(t), . . . , xn(t)).

Completion predicates Ci(X) ∈ {0, 1} separate local evolution from global
commitment. A vertex i signals completion when Ci(X) = 1, which may be
defined as κi(X) = 0 in the exact case or κi(X) ≤ τi for some tolerance τi. A
completion flag χi(t) records whether vertex i has committed, and the committed
subsystem Vdone(t) = {i ∈ V | χi(t) = 1} grows monotonically. The system
evolves asynchronously, with the active set A(t) ⊆ V updated according to
dependencies and available computation; sequential execution is the special case
|A(t)| = 1 for all t, and is seen to be merely one scheduling policy among many.

Proposition 19.1 (Monotonicity of Contradiction Reduction). Assume that for
every active vertex i ∈ A(t), the update satisfies κi(X(t + 1)) ≤ κi(X(t)), and that
updates do not increase neighborhood contradiction by more than they reduce local
contradiction. Then K(X(t+ 1)) ≤ K(X(t)).

Proof. SinceK(X) =
∑

i∈V κi(X), it suffices to sum the local changes induced by
active updates. By hypothesis, the net contribution of each active site together
with its neighborhood is non-increasing. Summing over all active sites yields the
result.

This proposition gives the discrete analogue of gradient flow: the system
evolves by dissipating contradiction across local transitions, exactly as the con-
tinuous system evolves by descending the gradient of the energy functional.
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19.5 Worked Example I: Balance Correction as Dis-
crete Trajectory

The first worked example illustrates discrete contragrade computation through
the embodied context of balance maintenance, chosen because it simultaneously
concretizes the abstract formalism and directly extends the earlier discussion of
body kinematics.

Let G = (V,E) be a linear chain V = {1, 2, . . . , n}with edges (i, i+ 1) repre-
senting the sequential propagation of postural constraint through a kinematic
chain. Each vertex i carries an integer state xi ∈ Z representing lateral displace-
ment of the corresponding body segment relative to a stable reference. Postural
stability requires that adjacent states not differ excessively, so the local constraint
is |xi−xi+1| ≤ 1. The local inconsistency functional is κi(X) = 1 if this constraint
is violated at either of the two edges incident to i, and κi(X) = 0 otherwise. The
global contradiction is the count of violated adjacencies.

The local update rule moves each inconsistent vertex toward the average of
its neighbors:

xi(t+ 1) =

⌊
xi−1(t) + xi+1(t)

2

⌋
if κi(X(t)) = 1.

Beginning from an initial configuration X(0) = (0, 3, 0, 2, 0), which contains
multiple violated adjacencies, one round of asynchronous updates produces
X(1) = (0, 1, 1, 1, 0), in which all local constraints are satisfied. The completion
predicate Ci(X) = 1 ⇐⇒ κi(X) = 0 is then satisfied at all vertices, and the
configuration is committed as globally stable.

The trajectory of this system mirrors the balance correction process in a
physical kinematic chain. There is no global program specifying the adjustment
sequence; rather, each segment adjusts locally in response to its neighbors, and
stability emerges from the propagation and resolution of local constraint. The
physical intuition is immediate: a person who loses balance does not execute
a planned recovery sequence; they apply a sequence of local corrections, each
driven by the immediate postural mismatch, until stability is restored. The
formalism and the embodied reality describe the same process.
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19.6 Worked Example II: Loop Obstruction and Prop-
agation

The second worked example demonstrates obstruction as a conserved quantity
that redistributes rather than annihilates under local dynamics, connecting the
discrete framework directly to the gauge-theoretic and categorical discussions of
earlier chapters.

Let G = (V,E) be a square graph with V = {1, 2, 3, 4} and edges forming
a directed cycle (1, 2), (2, 3), (3, 4), (4, 1). Assign to each edge an integer value
Rij ∈ Z, interpreted as a discrete transport coefficient. The loop is consistent
when the total transport around the cycle vanishes, Ω = R12+R23+R34+R41 = 0.
If Ω 6= 0 the loop contains an obstruction, and the quantity |Ω| is the discrete
energy of the configuration.

Beginning from the initial state R12 = 1, R23 = 1, R34 = 1, R41 = 0, the total
obstruction is Ω = 3. Local update rules that adjust individual edge values to
reduce adjacencymismatch do not eliminateΩ; they redistribute it. The sequence
(1, 1, 1, 0) → (1, 1, 1, 1) increases each value uniformly and yields Ω = 4. The
sequence (1, 1, 1, 0) → (2, 1, 0, 0) concentrates the obstruction and still yields
Ω = 3. In neither case is the obstruction removed by local action alone; its total
magnitude is governed by the global topology of the loop.

This example makes explicit the principle established in the energy sections:
local dynamics transports and redistributes contradiction but cannot annihilate
it. The discrete loop obstruction Ω plays the role of the gauge field strength in the
continuum limit, and the local update rules play the role of gauge transformations,
which redistribute curvature without changing its integrated value. When the
graph is extended to a lattice and the local updates are allowed to propagate, the
redistribution of Ω produces traveling disturbances that are the discrete analogs
of electromagnetic waves. Wave propagation is themovement of loop obstruction
through the network.
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19.7 Worked Example III: Null Convention Logic as
Sheaf Gluing

The third worked example shows how Null Convention Logic implements com-
putation as incremental sheaf gluing, closing the connection between the discrete
contragrade framework and the categorical formalism.

Let G = (V,E) be a directed acyclic graph with V = {A,B,C} and edges
(A,C) and (B,C), so that C depends on both A and B and neither A nor B de-
pends on any other vertex. Each vertex carries a state xi ∈ {0, 1} and a completion
flag χi ∈ {0, 1}. The local inconsistency at C is κC = 1 if either χA = 0 or χB = 0,
and κC = 0 otherwise. Since A and B have no dependencies, their inconsistency
is identically zero and their completion flags are set immediately: χA = χB = 1.
The node C can only complete once both inputs have completed.

The system evolves as (χA, χB, χC) = (0, 0, 0) → (1, 1, 0) → (1, 1, 1). At the
moment χC becomes 1, the value xC = F (xA, xB) is computed for some local
function F and committed. No global clock is required; completion propagates
through the graph along the partial order defined by the dependency edges.

In the sheaf-theoretic language, each vertex defines a local region Ui, and the
computation at i produces a local section si ∈ C(Ui). The node C corresponds to
the union UC = UA∪UB , and gluing requires consistency on the overlap UA∩UB :
the output of A that C expects must match the output of A that was actually
produced, and similarly for B. Completion at C is precisely the assertion that
such a gluing exists, that there is a section sC ∈ C(UC) extending both sA and
sB. The completion flag χC = 1 is therefore equivalent to the existence of a
consistent local section over UC , and the computation is complete precisely when
the sheaf-gluing condition is satisfied.

19.8 Equivalence of the Three Models

The three models—continuous gradient flow, discrete graph relaxation, and
NCL-style asynchronous completion—are not analogies of each other. They are
the same process expressed in three different mathematical languages, and the
equivalence between them is structural rather than metaphorical.

Continuous gradient flow is described by the ODE ẋ = −∇E(x) on a state
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space X equipped with an energy functional E. Discrete graph relaxation is
described by the local update rule xi(t+ 1) = Fi(xi(t), (xj(t))j∈N (i)) on a graph
(V,E)with a local inconsistency functional κi. NCL-style completion is described
by the propagation of completion flags χi through a dependency graph under
the rule χi = 1 ⇐⇒ ∀(j, i) ∈ E, χj = 1.

The equivalence proceeds in two steps. First, the discrete relaxation scheme
is the Euler discretization of the continuous gradient flow: setting xi(t + 1) =

xi(t)− η∇iK(X(t)) for a small step size η, where∇iK is the gradient of the total
contradiction with respect to the state at i, recovers the local update rule when
Fi is the local minimizer. The discrete scheme is therefore the same dynamical
system as the continuous flow, sampled at discrete times. As the step size η → 0

and the graph becomes a latticewith spacing a→ 0, the discrete update equations
converge to the continuous PDE; in the linearized regime this is thewave equation
or the diffusion equation depending on whether inertial or damped dynamics is
taken.

Second, NCL-style completion is the zero-temperature limit of the dis-
crete relaxation: as the tolerance threshold τi → 0, the completion predicate
Ci(X) = 1 ⇐⇒ κi(X) ≤ τi converges to Ci(X) = 1 ⇐⇒ κi(X) = 0, which is
the exact local consistency condition of NCL. The propagation of completion flags
in an NCL circuit is therefore the zero-temperature, zero-tolerance limit of asyn-
chronous graph relaxation, in which each node waits until its local inconsistency
is exactly zero before committing.

Together these two steps establish that continuous field dynamics, discrete
constraint relaxation, and completion-driven logic are three regimes of a single
parameterized family of constraint-propagation processes, distinguished by the
discretization scale and the temperature (or tolerance) at which local completion
is declared. The physical regime corresponds to finite discretization and finite
temperature; the computational regime corresponds to discrete graphs and zero
tolerance; the NCL regime corresponds to binary states and exact completion.
The underlying process is identical: local contradiction is measured, updates
are applied to reduce it, and commitment occurs when a local threshold is satis-
fied. Only the representation of the state space, the precision of the completion
predicate, and the smoothness of the dynamics differ.

Theorem 19.2 (Structural Equivalence of Constraint-Propagation Models). Let F
denote the family of processes of the form: maintain a state X over a domain, apply local
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updates that reduce a local inconsistency functional κ, and commit local results when a
local completion predicate C is satisfied. Then continuous gradient flow, discrete graph
relaxation, and NCL-style asynchronous completion are all members of F , distinguished
only by the choice of domain, state space, functional form of κ, and precision of C.

Proof. Continuous gradient flow takes the domain to be a smooth manifold X ,
the inconsistency functional to beE(x) itself (the continuous energy), the update
to be the gradient vector field, and the completion predicate to be ∇E(x) = 0 (a
critical point). Discrete graph relaxation takes the domain to be a finite graph,
the inconsistency functional to be κi(X), the update to be the local minimizer Fi,
and the completion predicate to be κi(X) ≤ τi. NCL-style completion takes the
domain to be a DAG, the inconsistency functional to be the count of unsatisfied
input dependencies, the update to be the gate computation, and the completion
predicate to be the exact satisfaction of all input dependencies. Each system spec-
ifies a domain, inconsistency measure, update rule, and completion predicate;
all are therefore instances of F .

The significance of this equivalence extends beyond formal tidiness. It means
that the insights developed in any one representation apply, mutatis mutandis, to
the others. The conservation of loop obstruction established in the discrete exam-
ple applies, via the continuum limit, to gauge fields. The monotone decrease of
total contradiction established for discrete graph relaxation applies, via the limit
of small step size, to continuous gradient flow. The sheaf-gluing interpretation
of NCL completion applies, via the exactness of the completion predicate, to any
discrete relaxation scheme operated at zero tolerance. The three models form a
single object viewed from three different coordinate systems, and the choice of
coordinate system is a matter of analytical convenience rather than ontological
commitment.

19.9 Complexity as Constraint Geometry

Computational complexity admits a geometric reinterpretation within the con-
straint framework.

Definition 19.3. The depth of a computation is the length of the longest directed
path in the dependency graphG, representing the minimal sequential resolution
steps regardless of parallelism.
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Definition 19.4. The width is the maximum cardinality of an antichain in the
partial order induced byG, representing themaximumnumber of simultaneously
resolvable constraints.

Theorem 19.5 (Lower Bounds from Obstruction Geometry). The parallel time
required to resolve all constraints is bounded below by the depth of G; the resources
required for synchronous resolution are bounded below by the width.

Proof. Any directed path represents a sequential dependency chain: no parallel
schedule can avoid its full length. An antichain consists ofmutually incomparable
vertices that must all be handled simultaneously by any synchronous realization.

Hard computational problems correspond to high-depth or high-width con-
figurations in constraint space, where no local resolution strategy avoids long
sequential chains or massive simultaneous load. Complexity is the geometry of
obstruction in the dependency structure.

19.10 Implications for Computation and InterfaceDe-
sign

The structural equivalence has practical implications that return us to the theme
of augmented perception and ambient computation. If computation is a member
of F—if it is always fundamentally local contradiction reduction under partial
order—then the appropriate interface for computation is not a keyboard and
screen but a physical environment equipped with sensors, actuators, and aug-
mented perceptual feedback that makes the local constraint structure of the
environment continuously available to the organism moving through it.

The body, moving through an augmented physical environment, is already
performing computation in the sense ofF . The augmented system adds a second
layer of local constraint resolution—semantic, predictive, relational—that is
coupled to the physical layer but operates at a higher level of abstraction. The
unified system is a two-layer contragrade computer, with the physical body
providing the low-level substrate and the augmented perceptual layer providing
the high-level semantic enrichment. Both layers are instances ofF ; both evolve by
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local reduction of contradiction; and their outputs are committed to the shared
semantic field when local consistency is achieved.

This suggests that the long-term trajectory of augmented computation is not
toward more powerful devices but toward more continuous and more deeply
integrated constraint interfaces—systems that participate in the organism’s exist-
ing constraint-resolution processes rather than standing apart from them and
demanding explicit queries. The device recedes; the field remains. What persists
is the ongoing, never-completed process of local contradiction resolution that the
present monograph has argued constitutes, at every scale and in every substrate,
the nature of physical reality itself.

19.11 What the Framework Does Not Yet Provide

The relational-constraint framework developed in this monograph reconstructs
the qualitative structure of known physics but does not yet determine specific
constants or equations from first principles. This is an important limitation.

The open problems are as follows.
The first concerns primitive relations. The framework is stated in terms of an

arbitrary group G, but the actual physical group structure—Lorentz symmetry,
SU(3) × SU(2) × U(1)—must be determined by additional constraints not yet
specified within the framework itself.

The second concerns the derivation of constants. The fine structure constant
α, the cosmological constant Λ, the ratio of particle masses: none of these are
derived from the relational structure as presently formulated. They must be
supplied externally, just as in standard physics. A deeper theory would need to
fix the group, the loop collection L, and the weights w` from something more
primitive.

The third concerns quantum structure. The framework as stated is classical:
relations take definite values in G at each time. The quantization of the rela-
tional system—the replacement of definite relations by probability amplitudes
over relational configurations, with a path integral over connection histories—
requires substantial additional development and raises new questions about the
appropriate inner product on the space of relational configurations.

The fourth concerns the continuum limit. The derivation of continuum field
equations from the discrete relational system requires a scaling limit whose
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structure depends on the detailed topology of the relational network and the
choice of lattice. Different lattice structures may yield different continuum limits,
and the conditions under which the limit is universal (that is, insensitive to the
microscopic details of the network) need to be established.

The fifth concerns the emergence of spacetime itself. If relational structure is
fundamental and spacetime is derived from it, then a theory of how the space-
time relational network emerges—how its dimension, signature, and topology
are selected—is required. This connects the present framework to approaches
in quantum gravity that take combinatorial or categorical structures as more
primitive than smooth manifolds.

These are genuine open problems. The framework is a foundation and an
interpretive reorientation, not a completed theory.

19.12 The Research Program

The research program suggested by this framework proceeds in three directions:
Mathematical. Develop the formal theory of relational systems with defects:

their cohomology, the algebra of defect composition, the categorical structure of
consistency-preserving maps between relational systems.

Physical. Derive specific predictions from the relational-constraint picture
that distinguish it from standard field theory. Candidates include: modified
dispersion relations from discrete relational networks, specific patterns of defect
localization in condensed matter systems, and cosmological signatures of initial
defect structure.

Applied. Develop computational and economic models based on relational-
constraint dynamics. Apply defect-flow analysis to model collapse, financial
contagion, and epistemic degradation in large-scale information systems.

19.13 The Non-Closure Theorem

Theorem 19.6 (Non-Closure). No finite system of interacting constraints can achieve
complete and stable global resolution without generating new contradictions under
extension, perturbation, or finite thermodynamic embedding.
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Proof. Suppose for contradiction that finite system Σ achieves complete and
stable resolution. Consider three challenges.

Under perturbation: since Σ is finite and thermodynamically embedded,
any nonzero perturbation alters at least one local relation. Stability under all
perturbations would require invariance under arbitrary local change, impossible
for nontrivial systems.

Under extension: adding a coupled subsystem Σ′ introduces new coupling
constraints not present in the original description. Unless Σ′ is completely de-
coupled, the extended system Σ ∪ Σ′ contains unresolved contradiction.

Under thermodynamic embedding: maintenance of local resolution requires
ongoing dissipation and entropy flow. This flow generates new relational
structure at the system-environment interface. Resolution is therefore not self-
sustaining.

All three arguments establish that complete and stable closure fails. Contra-
diction is never finally exhausted.

Corollary 19.7. Metastability—local consistency maintained under bounded
conditions—is the strongest form of order achievable in any finite system.

The Non-Closure Theorem is not a failure of the universe but its generative
condition. Auniverse that fully resolved all contradictionwould be static, without
dynamics or becoming. The persistence of unresolved constraint is what makes
time, change, and structure possible.

91



Chapter 20

Conclusion: The Universe as Unfinished Res-
olution

Not the victory but the combat pleases us.

Blaise Pascal, Pensées

20.1 The Central Argument

We have developed, across this monograph, a unified account of energy as
unresolved relational contradiction. The argument proceeds in four steps.

First, the phenomenological observation: in computational, economic, and
informational systems, difficulty is conserved under abstraction. It is displaced
rather than eliminated. Smooth surfaces conceal accumulated burden. Catas-
trophic failures are the re-emergence of that burden.

Second, the formal construction: a minimal relational ontology in which
nodes connect by composable relations defines contradiction as the failure of
loop holonomies to return the identity. Energy is the functional that measures
this failure. Dynamics is gradient flow of this functional under finite propagation.
Waves, diffusion, dissipation, and entropy emerge as necessary consequences.

Third, the connection to established physics: gauge theory, general relativity,
and thermodynamics all instantiate the relational-constraint picture. Energy in
each is the squared curvature—the squared defect—of an appropriate connection.
The known equations of physics are the equations of constraint propagation.

Fourth, the implications: cognition is defect management under finite com-
putational resources. Artificial intelligence fails when its relational structure
decouples from external constraint. Political economy is a system of constraint
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distribution. Consciousness may be the integration of constraint-resolution
across scales.

20.2 The Final Formulation

We close with the strongest version of the central claim:

Energy is the measurable form of unresolved relational contradic-
tion under finite causal propagation and thermodynamic embed-
ding. Dynamics is the propagation of that contradiction through
the relational structure of the world. Dissipation is its redistribu-
tion into microstructure. Entropy is its dispersion across accessible
configurations.

And the corresponding ontological claim:

Reality is a network of relations that cannot fully agree with it-
self. The universe is perpetually repairing a contradiction it cannot
resolve. What we call physics is the study of how that repair propa-
gates, partially succeeds, and defers its remainder.

20.3 On Permanence and Process

One of the less obvious implications of this framework is a reconceptualization of
permanence. In the standard picture, theworld consists of objects with properties
that persist through time. In the relational-constraint picture, what persists is
not objects but processes: ongoing resolution attempts that maintain themselves
through dynamic stability rather than static existence.

A particle is not an object; it is a stable propagating defect. A memory is
not a stored state; it is a self-reinforcing constraint pattern. An institution is not
an entity; it is a network of relational obligations that reproduce themselves by
propagating their constraints.

This is a processual ontology in a precise sense: existence is participation
in ongoing constraint propagation. To be is to be caught up in the perpetual
resolution of contradiction.
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20.4 The Present as Resolution Front

The present moment, in this framework, is the active edge of constraint propaga-
tion. It is not a location in time but a process: the ongoing reconciliation of local
relational structure under the pressure of accumulated global contradiction.

The past is the part of the resolution that has been completed—the contra-
dictions that have been annihilated, the defects that have dispersed into entropy.
The future is the part that has not yet propagated—the contradictions that are in
transit, approaching but not yet arrived.

The present is the interface between the two: the active zone where propagat-
ing contradiction meets the relational structure it is attempting to resolve.

This is why the present always will have been: the resolution that occurs now
becomes part of the settled, dispersed, irrecoverable past. The present moment,
in its character as resolution, leaves a permanent residue in the entropy of the
universe. It cannot be undone.

20.5 Conclusion

The universe is not in equilibrium. It is not moving toward equilibrium. It is a
system perpetually caught between the local pressure to resolve contradiction
and the global impossibility of completing that resolution under finite causal
constraints.

Energy is the measure of how much is unresolved. Physics is the study of
how the unresolved moves. Thermodynamics is the study of how the unresolved
disperses. And consciousness, perhaps, is the experience of being a local res-
olution process that knows it is part of something that will never, in total, be
finished.

The universe cannot fully agree with itself. We are part of its disagreement.
And we keep trying anyway.
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The unfinished loop

Figure 20.1: The concluding emblem of the monograph. The defect arc is almost
closed — but not quite. The scalar rings persist; the flow continues. If the loop
closed, the dynamics would stop. Reality is not a closed, self-identical system: it
is an open arc of ongoing correction. This figure does not resolve. Neither does
the universe.
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Chapter 21

From Assembled Expressions to Derived
Structure

The difficulty is not that the equations are wrong, but
that they are presented without the path by which they
arise.

Reformulation Principle

21.1 The Problem of Assembled Formalism

Many contemporary speculative constructions in physics exhibit a recognizable
pattern: familiar components—quantum expectation values, curvature tensors,
entropy functionals, and effective actions—are assembled into a single expression,
often presented as a final result. A representative example takes the schematic
form

�hµν ∼ ∇µ∇ν〈O〉, ∇2Φ = 4πG(ρ+ λII),

together with a mass update

δm ∼ δEint

c2
,

and a composite action∫
DΦ e

i
h̄
S[Φ,g] + entropy+ constraints = 0.

These expressions are structurally meaningful, but incomplete. They lack a
minimal set of primitive variables, a single generating functional, a variational
derivation, and a consistency argument such as a proof that conservation laws
hold. The result is not a theory but a compressed collage: a set of structurally plau-
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sible equations assembled from familiar pieces, presented without the derivation
that would make them necessary consequences of anything.

The purpose of this chapter is to show that precisely these expressions can
be recovered as derived limits of the single RSVP variational system established
in earlier chapters. In doing so, assembly is replaced by derivation, and each
equation ceases to be a plausible guess and becomes a proven consequence.

21.2 Mass as Obstruction Flow

We begin with the mass update rule

δm =
1

c2
d

dt

[
Tr(ρ Ĥint)

]
∆t.

Theorem 21.1 (Mass as IntegratedObstruction Flux). Let ERSVP be the RSVP energy
functional. In the weak-field limit,

δm =
1

c2
d

dt

∫
Σ

D(Φ,v, S) dnx.

Proof. From the RSVP construction, the energy is E =
∫
Σ
D dnx, so dE

dt
=∫

Σ
∂D
∂t

dnx. The interaction Hamiltonian corresponds to the cross-field coupling
portion of the defect density,

Ĥint ←→ α v · ∇Φ + β S∇ · v,

so Tr(ρ Ĥint) ∼
∫
Dint dnx. Therefore δm = c−2 δEint, which is the time derivative

of interaction obstruction energy scaled by c−2.

Remark 21.2. Mass is not a primitive quantity in this framework. It is the accumu-
lated resistance to contradiction resolution, scaled by c2. A localized region of
high defect density has large mass because it resists change in exactly the sense
that Newton’s second law encodes: inertia is the persistence of constraint.

21.3 Observable Expectations as Entropy Projections

The expression Tr(ρO) appears repeatedly in assembled formulations as a gravi-
tational source term. Its role can be given a precise meaning within the RSVP
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Mass increase as net inflow of obstruction flux

Figure 21.1: Mass arises from accumulated obstruction flux into a region. The
inflow of constraint through the scalar and entropic sectors corresponds to in-
crease in effective inertia.

framework.

Definition 21.3. An observable projection is a functional

O[Φ,v, S] =
∫
f(Φ,v, S) dnx

for some local functional f .

Theorem 21.4 (Expectation as Entropy-Weighted Projection). To leading order in
the entropy weighting, expectation values take the form

Tr(ρO) ∼
∫
O(x) eS(x) dnx.

Proof. In statistical mechanics, ρ ∼ e−H/kT . In the RSVP setting, entropy re-
places thermodynamic weighting via P (x) ∼ eS(x), so expectation values become
entropy-weighted averages of observable projections.

This replaces operator primacy with field primacy. Observables are projec-
tions of the entropy field onto specific functional forms; the density operator is
not a primitive but a derived encoding of the entropy distribution.

21.4 Modified Poisson Equation from RSVP

Theorem 21.5 (Poisson Equation with Informational Source). In the static limit of
RSVP dynamics,

∇2Φ = 4πGρm + λI
(
a1S + a2∇2S

)
.
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Proof. From the scalar Euler–Lagrange equation in the static (χΦ = 0) limit:
−∇2Φ = α∇ · v − m2

ΦΦ − ηS. Substituting the quasistatic transport relation
v = −α∇Φ− β∇S gives ∇ · v = −α∇2Φ− β∇2S. Substituting and rearranging,
with matter density included as an external source, yields the stated form with
a1 = η/(1− α2) and a2 = αβ/(1− α2).

Entropy gradients sourcing additional scalar curvature

Figure 21.2: Entropy field gradients act as additional sources of gravitational
potential alongside ordinary matter.

21.5 Einstein Equation with Entropic Source

Theorem 21.6 (Einstein Equation with Entropy Contribution). The RSVP effective
stress tensor satisfies

Gµν = 8πG
(
Tmatter
µν +∇µ∇νS + βS gµν(∇S)2

)
.

Proof. Variation of the RSVP action with respect to gµν yields Tµν =

−2(δSRSVP/δg
µν)/
√
−g. The entropy kinetic term κS

2
∇µS∇µS contributes

κS(∇µS∇νS − 1
2
gµν(∇S)2) upon variation, while integration-by-parts of second-

derivative entropy terms generates the∇µ∇νS contribution. Setting this equal
to Gµν/(8πG) and absorbing constants gives the stated form.

Remark 21.7. This recovers the structure often written heuristically as T eff
µν =

Tmatter
µν +∇µ∇νS, but now as a variational consequence rather than an inserted

modification. The path from primitive fields to the Einstein equation is explicit
and reproducible.
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21.6 Information Scaling Law

The scaling relation δσinfo ∼ βE2/M2
∗ emerges from a straightforward dimen-

sional argument about entropy production.

Theorem 21.8 (Quadratic Scaling of Entropic Production). For configurations near
a local minimum of E , entropy production scales quadratically: δS ∝ E2.

Proof. Entropy production is second order in field gradients: σ ∼ (∇Φ)2. Since
the energy density is E ∼ (∇Φ)2, we obtain σ ∼ E2. Dimensional analysis in
d spacetime dimensions with cutoff M∗ introduces the factor E2/M2

∗ via sup-
pression by the characteristic scale, yielding δσ ∼ βE2/M2

∗ for a dimensionless
constant β.

21.7 Variational Closure and Path Integral

Theorem 21.9 (RSVP Generating Functional). The full RSVP theory admits a well-
defined generating functional

Z =

∫
DΦDvDS exp

(
i

h̄
SRSVP[Φ,v, S; g]

)
,

from which all field equations arise as stationary conditions.

Proof. The RSVP action is local, gauge-compatible, and bounded below. The path
integral is defined by promoting the classical action to a functional integral over
field configurations. Variational differentiation with respect to each field and
with respect to the source term recovers the Euler–Lagrange equations derived
in Appendix E.

Remark 21.10. Entropy is no longer an appended term in this structure. It ap-
pears as a fundamental degree of freedom with its own integration measure, its
own propagator, and its own coupling to geometry. The assembled expression∫
DΦ eiS/h̄+entropy+constraints = 0 is a compressed shadow of this generating

functional; RSVP provides the derivation that gives it meaning.
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21.8 Conclusion: From Collage to Theory

The transformation achieved in this chapter can be stated precisely. The assem-
bled expressions examined at the outset are structurally correct: they converge
on the right terms because the physical intuitions driving them are sound. Their
failure is not one of content but of origin. Each equation appears as a plausible
insertion rather than a necessary consequence.

In the RSVP framework, the same equations appear as theorems. The Poisson
equation with informational source is Theorem 21.5. The Einstein equation with
entropic correction is Theorem 21.6. The mass update rule is Theorem 21.1. The
generating functional is Theorem 21.9. Each arises from the same action, the
same variational principle, and the same relational ontology.

The distinction between a compressed collage and a derived theory is not
aesthetic. It is the difference between an equation that happens to be right and
an equation that has to be right given the structure it comes from.
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Chapter 22

Renormalization of Entropic Couplings

The parameters of a theory are not fixed; they flow.

Kenneth Wilson, paraphrased

22.1 Why Renormalization Is Necessary

Any theory that introduces new coupling terms must demonstrate that those
terms remain well-defined under changes of scale. This is not optional. A
theory valid only at a single scale is not a physical theory but a model of limited
applicability. The introduction of entropy as a dynamical field S(x) coupled to
geometry and the scalar sector raises an immediate question: how do entropic
couplings behave under coarse-graining? If they diverge, the theory is ill-posed.
If they vanish, the entropy field is physically irrelevant. Only if they flow toward
stable values—fixed points or controlled trajectories—does the theory define a
consistent physical system across all scales.

22.2 Coarse-Graining of the RSVP Fields

Let the RSVP fields (Φ, v, S) be defined on a domain with characteristic scale `. A
coarse-graining transformation integrates out degrees of freedom below a larger
scale `′ = b` with b > 1, producing coarse-grained fields Φ′ = Cb[Φ], v′ = Cb[v],
S ′ = Cb[S].

Definition 22.1. The renormalization map Rb is the transformation of coupling
constants induced by coarse-graining: Rb : {couplings} → {couplings′}.
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Assign canonical scaling dimensions: x→ bx, Φ→ b−∆ΦΦ, v→ b−∆vv, S →
b−∆SS. Under this assignment, the gradient term (∇Φ)2 ∼ b−(2+2∆Φ), the entropy
gradient term (∇S)2 ∼ b−(2+2∆S), and the cross-coupling S∇ · v ∼ b−(1+∆S+∆v).

22.3 Beta Functions for Entropic Couplings

Let η denote the coupling of S to Φ and β the coupling of S to v.

Theorem 22.2 (Leading-Order Beta Functions). Under coarse-graining,

dη

d log b = (d− 2∆S)η − c1η2,

dβ

d log b = (d−∆S −∆v)β − c2β2,

where d is the spatial dimension and c1, c2 > 0 depend on the interaction structure of the
theory.

Proof. The linear terms arise from dimensional analysis of the coupling constants
under rescaling. The quadratic terms arise from one-loop corrections to the
effective action obtained by integrating out short-scale modes; they are positive
definite for interactions of the Yukawa-type present in the RSVP Lagrangian.

Theorem 22.3 (Existence of Nontrivial Fixed Point). If c1, c2 > 0, then there exist
stable fixed points

η∗ =
d− 2∆S

c1
, β∗ =

d−∆S −∆v

c2
.

Proof. Setting the beta functions to zero and solving algebraically gives these
expressions. Stability follows from the signs of the quadratic corrections, which
provide restoring forces toward the fixed point.

At the fixed points, entropy is neither negligible nor divergent: it becomes a
scale-invariant component of the theory. This is the key property distinguishing
RSVP from assembled theories in which entropy terms are inserted by hand
and whose scaling behavior is therefore uncontrolled. In RSVP, the entropy
field is renormalization-consistent: it survives the passage between scales as a
structurally stable degree of freedom.
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RG flow converging toward fixed entropic coupling structure

Figure 22.1: Renormalization flow converging toward a stable fixed point. Ob-
struction at the fixed point is scale-invariant.

22.4 Interpretation

The renormalization analysis confirms that obstruction reorganizes across scales
without disappearing. The fixed-point structure classifies the universality classes
of RSVP dynamics: different physical systems—condensed matter, cosmological
structure, information-theoretic systems—that share the same fixed-point values
of the entropic couplings exhibit the same long-range behavior regardless of
their microscopic details. This is the renormalization group interpretation of the
conservation of difficulty: total relational burden is conserved, and its distribution
across scales obeys predictable flow equations.
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Chapter 23

Noether Theorem for Constraint Fields

To every symmetry corresponds a conservation law.

Emmy Noether, 1918

23.1 Symmetry in Relational Systems

In the RSVP framework, symmetry is not the invariance of field values but the in-
variance of relational structure. A transformation that moves every configuration
in the same relational direction, leaving no loop defect changed, is a symmetry.

Definition 23.1. A transformation Tε parameterized by ε is a symmetry of the
RSVP action if

SRSVP[Tε(Φ,v, S)] = SRSVP[Φ,v, S]

for all ε and all admissible configurations.

Theorem 23.2 (Noether Theorem for Constraint Fields). For every continuous
symmetry of the RSVP action, there exists a conserved current Jµ satisfying ∂µJµ = 0,
given explicitly by

Jµ =
∂L

∂(∂µΦ)
δΦ +

∂L
∂(∂µv)

· δv+
∂L

∂(∂µS)
δS,

where δΦ, δv, δS are the field variations induced by the symmetry.

Proof. Consider a continuous transformation (Φ,v, S)→ (Φ + εδΦ,v+ εδv, S +

εδS). Invariance of the action means δS = 0 for all ε. Using the Euler–Lagrange
equations to eliminate second-derivative terms, the vanishing of δS reduces to
the divergence condition ∂µJµ = 0 with Jµ as stated.
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23.2 Conserved Quantities

Three corollaries of the Noether theorem cover the principal conservation laws
of the RSVP framework.

Corollary 23.3 (Energy Conservation). Time-translation symmetry
(Φ,v, S)(x, t) → (Φ,v, S)(x, t + ε) implies conservation of the total obstruction
energy:

dE
dt

=
d

dt

∫
Σ

D(Φ,v, S) dnx = 0.

Corollary 23.4 (Entropy Flux Conservation). Shift symmetry S → S+ε (constant),
when it leaves the action invariant, implies conservation of an entropy current:

∂µJ
µ
S = 0, Jµ

S =
∂L

∂(∂µS)
.

Corollary 23.5 (Momentum Conservation). Spatial-translation symmetry implies
momentum conservation:

∂tP+∇ · T = 0,

where T is the stress tensor derived from the RSVP Lagrangian.

23.3 Interpretation

The Noether theorem reveals a deep structural identity between symmetry and
conservation that holds in the RSVP framework in exactly the same way it holds
in classical and quantum field theories. Conservation of energy is the persistence
of total obstruction—the universe does not create or destroy contradiction but
only redistributes it. Conservation of momentum is the persistence of directional
propagation of constraint. Conservation of entropy current, in the ideal limit of
no entropy production (σ = 0), is the conservation of distributed contradiction
as it flows through the system.

The RSVP framework therefore satisfies the strongest test of physical legiti-
macy: its conservation laws emerge from the symmetry structure of the action
rather than being imposed externally. This places it structurally alongside gauge
theory and general relativity while extending both through the inclusion of
entropy as a primary dynamical field.
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Conserved current flowing through invariant constraint structure

Figure 23.1: A conserved current threading a symmetric field configuration.
Symmetry of the action generates the current; the Noether theorem guarantees
its divergence-free character.
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Chapter 24

Hamiltonian Structure and Phase Space of
Constraint Fields

The evolution of a system is not given by states alone, but
by their relation in phase space.

William Rowan Hamilton, reinterpreted

24.1 From Lagrangian to Hamiltonian

The RSVP framework has been formulated in terms of the action functional
SRSVP[Φ, v, S]. The Lagrangian description is natural for deriving field equations
by variation, but the Hamiltonian description is necessary for understanding
the dynamical structure, identifying conserved quantities geometrically, treating
gauge constraints, and preparing the theory for quantization.

The conjugate momenta are defined by

πΦ =
∂L

∂(∂tΦ)
= χΦ ∂tΦ, πv =

∂L
∂(∂tv)

= χv ∂tv, πS =
∂L

∂(∂tS)
= χS ∂tS.

Definition 24.1. The phase space of the RSVP system is

P =
{
(Φ,v, S, πΦ,πv, πS)

}
,

equipped with the canonical Poisson bracket structure.
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24.2 Hamiltonian Functional

The Hamiltonian is obtained by Legendre transform:

H =

∫
d3x

(
πΦ ∂tΦ + πv · ∂tv+ πS ∂tS − L

)
.

Substituting the momenta and simplifying gives a Hamiltonian of the form
H = Hkin + E , whereHkin contains kinetic (momentum-squared) terms and E is
the obstruction energy functional.

Theorem 24.2 (Hamiltonian Governs Evolution). The evolution equations are

∂tΦ =
δH
δπΦ

, ∂tπΦ = −δH
δΦ

,

with analogous pairs for (v,πv) and (S, πS). These are equivalent to the Euler–Lagrange
equations derived in Appendix E.

Proof. This is the standard result of the Legendre transformation: Hamilton’s
equations reproduce the Euler–Lagrange equationswhen the Legendre transform
is non-degenerate.

24.3 Constraint Structure and Gauge Fixing

Gauge redundancy implies that not all points in P represent distinct physical
states. The gauge transformations v→ v+∇χ, Φ→ Φ− ∂tχ introduced in the
gauge symmetry discussion generate constraints on the momentum sector.

Definition 24.3. A primary constraint is a relation on phase space of the form
C(Φ, v, S, πΦ,πv, πS) = 0 that follows from the definition of momenta, before any
field equations are imposed.

Theorem 24.4 (First-Class Constraints Generate Gauge Transformations). Con-
straints generating gauge transformations are first-class: their mutual Poisson brackets
vanish on the constraint surface.

Proof. Gauge transformations act on observables by Hamiltonian flow generated
by the constraints. Two gauge transformations commute when acting on phys-
ical (gauge-invariant) observables, which is precisely the first-class condition
{Ci, Cj} ≈ 0 on the constraint surface.
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The physical phase space is the quotient Pphys = P/∼, where the equivalence
relation identifies gauge-related configurations. Because the Hamiltonian is
gauge-invariant, dynamics on P descends to well-defined dynamics on Pphys.

24.4 Symplectic Structure and Entropy Irreversibility

Phase space carries the canonical symplectic form

ω =

∫
d3x

(
dπΦ ∧ dΦ + dπv ∧ dv+ dπS ∧ dS

)
.

Hamiltonian flow preserves ω (Liouville’s theorem), and time evolution is
generated by

∂tF = {F,H}

for any phase space functional F . When the Hamiltonian contains a dissipative
contribution—coupling the entropy sector to an effective heat bath represent-
ing the environment—the entropy satisfies ∂tS ≥ 0: Hamiltonian flow in the
dissipative sector drives monotonic entropy increase, making the second law a
consequence of the phase space structure rather than an independent postulate.

24.5 Interpretation

The Hamiltonian formulation reveals that dynamics in the RSVP framework is
not motion through space but flow through constraint space. The fields (Φ, v, S)
are coordinates on configuration space; their momenta encode the capacity for
change. Together they form a symplectic geometric object whose evolution is
governed by the obstruction energy E . The reduction to physical phase space, ac-
complished by quotienting out gauge orbits, leaves a smaller but cleaner structure
in which every point represents a genuinely distinct physical configuration.
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Quantization of Constraint Fields

The path of a system is not a single trajectory, but a
superposition of possibilities.

Richard Feynman, reinterpreted

25.1 Motivation and Method

Having established Hamiltonian structure, quantization is the natural extension.
The goal is not to impose quantum mechanics from outside but to show that it
emerges as a consistent probabilistic extension of constraint propagation when
phase space is treated as a space of possibilities rather than a single trajectory.

Definition 25.1. Canonical quantization promotes fields and momenta to opera-
tors on a Hilbert spaceHphys satisfying the equal-time commutation relations

[Φ̂(x), π̂Φ(y)] = ih̄ δ3(x− y),

with analogous relations for (v̂, π̂v) and (Ŝ, π̂S).

Theorem 25.2 (Heisenberg Evolution). Time evolution of operators is governed by

dÔ

dt
=
i

h̄
[Ĥ, Ô].

Proof. Standard derivation from the canonical commutation relations and the
Heisenberg equation of motion.
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25.2 Physical State Space and Quantum Constraints

Definition 25.3. A physical state is a vector |Ψ〉 ∈ Hphys satisfying the quantum
constraint conditions

Ĉi|Ψ〉 = 0

for all first-class constraints Ĉi.

This generalizes the Gauss-law constraint in gauge theory to the full RSVP
setting. Physical states lie in the kernel of all constraint operators, representing
equivalence classes of field configurations under gauge transformation.

25.3 Path Integral Formulation

The operator formulation is equivalent to the path integral.

Theorem 25.4 (Path Integral Equivalence). The generating functional

Z =

∫
DΦDvDS exp

(
i

h̄
SRSVP[Φ,v, S; g]

)

produces the same correlation functions as the operator formulation via Z = Tr(e−iĤt/h̄).

Proof. This is the standard Feynman path integral derivation applied to the RSVP
Hamiltonian.

25.4 Density Operators and Quantum Observables

Definition 25.5. A density operator ρ on Hphys encodes uncertainty over con-
straint configurations, with observables given by 〈O〉 = Tr(ρ Ô).

Theorem 25.6 (Mass Update from Quantum Information Dynamics). Under
quantum evolution, the mass update rule is

δm =
1

c2
d

dt

[
Tr(ρ Ĥint(Ô))

]
∆t,

which coincides with the classical Theorem 21.1 in the semiclassical (h̄→ 0) limit.
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Proof. The energy expectation 〈Ĥint〉 = Tr(ρ Ĥint) evolves under the Heisenberg
equation. Its time derivative gives energy change per unit time, and dividing
by c2 yields mass variation. In the semiclassical limit, this recovers the classical
result.

Theorem 25.7 (Geometry from Quantum Expectation Values). The linearized
metric perturbation satisfies

�hµν =
16πG

c4
α∇µ∇ν

(
Tr(ρ Ô)

)
,

where Ô is the RSVP observable projection operator.

Proof. Variation of the effective action with respect to the metric, evaluated at
the expectation values of the quantum fields, yields an effective stress tensor
proportional to∇µ∇ν〈Ô〉 = ∇µ∇νTr(ρ Ô).

25.5 Effective Action Structure

The full effective action of the quantized RSVP theory takes the form

Γeff = Sgrav[g] + SRSVP[Φ,v, S; g] +h̄ log det(�+m2 + λΦ2) + Sinfo[ρ] +O(h̄2),

where Sinfo[ρ] = −kBTr(ρ log ρ) is the vonNeumann entropy functional. Classical
fields, quantum fluctuations (the determinant term), and entropic contributions
are unifiedwithin a single object. The apparent collage of assembled theories—an
action containing gravity, scalar fields, entropy terms, and quantum corrections
inserted separately—resolves into a structured hierarchy in which each term
occupies a definite level of approximation in theh̄ expansion of Γeff.
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Emergence of Classical Spacetime from En-
tropic Constraint Fields

Space is not a container; it is a relation.

Leibniz, reinterpreted

26.1 The Question of Spacetime Emergence

The preceding chapters have established a quantized constraint field theory in
which (Φ, v, S) and ρ jointly determine observable structure. The central question
now is how classical spacetime arises from this system. The claim is not that
spacetime is fundamental, but that it appears as the coarse-grained, semiclassical
limit of entropic constraint dynamics.

Definition 26.1. The effective metric gµν is defined through expectation values:

gµν(x) ≡ G
(
〈O(x)〉,∇µ∇ν〈O〉, S(x)

)
for an appropriate functional G.

Geometry is therefore not an independent variable but a derived field, en-
coding the macroscopic distribution of expectation values and entropy.
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26.2 Classical Limit and Emergent Einstein Equa-
tions

Theorem 26.2 (Classical Emergence). In the limith̄→ 0, the path integral is domi-
nated by stationary configurations satisfying δΓeff = 0, which yields modified Einstein
equations:

Gµν = 8πG
(
Tmatter
µν + T (S)

µν

)
,

where T (S)
µν = α∇µ∇νS + βS gµν(∇S)2 is the entropic stress tensor.

Proof. In the semiclassical limit, the path integral is approximated by the saddle
point, which satisfies δΓeff/δg

µν = 0. This produces an Einstein equation sourced
by the full effective stress tensor, which includes contributions from the entropy
field as established in Theorem 21.6.

26.3 Time as Resolution Flow

Definition 26.3. The thermodynamic arrowof time is identifiedwith the direction
of monotonic entropy increase: the forward direction in time is the direction in
which ∂tS ≥ 0.

Theorem 26.4 (Arrow of Time from Constraint Dispersal). The direction of time
corresponds to the direction of increasing distributed contradiction: the irreversibility of
constraint dispersal into microstructure selects a preferred temporal orientation.

Proof. From Theorem ?? of the Hamiltonian chapter, the Hamiltonian with dis-
sipative coupling produces monotone entropy increase. Since the dispersal of
concentrated defects into microstructure is statistically irreversible (the Poincaré
recurrence time is exponentially large in the number of degrees of freedom), the
direction of increasing entropy defines a preferred temporal direction.

26.4 Spatial Structure as Constraint Compatibility

Distance between points can be defined by the minimal obstruction connecting
them: two points whose local constraint configurations are mutually compati-
ble are close in the emergent geometry, while points whose configurations are
incompatible are far.
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Definition 26.5. The emergent distance function is

d(x, y) ∼ inf
γ:x→y

∫
γ

‖∇D‖ d`,

where the infimum is over paths γ connecting x and y andD is the defect density.

Geometry thus emerges as a measure of relational compatibility rather than
as embedding in a background space. Flat geometry corresponds to uniform
compatibility; curvature corresponds to concentrated defects.

26.5 Cosmological Interpretation

Theorem 26.6 (Entropic Redistribution Without Metric Expansion). If entropy
redistributes globally while total constraint is conserved, then redshift and apparent
spatial separation can arise without requiring a globally increasing metric scale factor.

Proof. Redshift occurs when the local phase velocity of electromagnetic radiation
is modified by the entropy field gradient along the propagation path. A uniform
redistribution of entropy that increases

∫
γ
∇S · d` along cosmological lines of

sight produces redshift z ∼
∫
γ
α∇S ·d`without changing the coordinate distance

between source and observer.

This does not assert that cosmic expansion does not occur, but that it is not
the only mechanism capable of producing the observed redshift. The RSVP inter-
pretation assigns the phenomena associated with expansion—redshift, apparent
recession, the Hubble relation—to the entropy gradient structure of the cosmo-
logical constraint field, treating the standard expansion picture as one effective
description that is valid in regimes where the entropy gradient contribution is
small and well-approximated by a uniform scale factor.
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Chapter 27

Observational Signatures and Falsifiable Pre-
dictions

A theory that can explain everything but predict nothing
explains nothing.

Karl Popper, paraphrased

27.1 From Formalism to Testability

A physically serious framework must produce predictions that differ from exist-
ing models in observable ways. The purpose of this chapter is to extract concrete,
falsifiable consequences of the RSVP framework, contrast themwith the standard
ΛCDM cosmology, and identify the experimental pathways through which the
comparison can be made.

27.2 Baseline: ΛCDM Expectations

In ΛCDM, the principal observables are governed by metric expansion with
scale factor a(t), redshift obeying 1 + z = a0/a(temit), dark energy as a constant
vacuum energy density, and structure formation driven by cold dark matter. In
the RSVP framework, each of these is reinterpreted as an emergent effect of en-
tropic constraint redistribution, and each reinterpretation generates a distinctive
observable deviation.
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27.3 Prediction I: Modified Redshift–Distance Rela-
tion

Theorem 27.1 (Entropic Redshift). Under the RSVP interpretation, the observed
redshift satisfies

z(x) = exp
(∫

γ

α∇S · d`
)
− 1,

where γ is the photon path from source to observer.

Proof. The entropy field modulates the local phase velocity of radiation via its
contribution to the effective metric. Photons propagating through a region with
entropy gradient ∇S accumulate a phase shift; integrating along the path gives
the exponential redshift formula.

The observable consequence is that the luminosity-distance relation DL(z)

deviates from the ΛCDM prediction at redshifts where the cumulative entropy
gradient along the line of sight differs from the prediction of a homogeneous
ΛCDM model. The deviation is largest in directions crossing regions of strong
structure formation, where entropy gradients are steepest.

27.4 Prediction II: Directional Variation in Inferred
Expansion Rate

If redshift arises from entropy gradients rather than purely from metric expan-
sion, then the inferred Hubble constant H0 should exhibit directional variation
correlated with the large-scale structure of the entropy field.

Theorem 27.2 (Anisotropic Effective Expansion). The effective local expansion rate
is

Heff(x) ∼ H0 + δH(x), δH(x) ∝ ∇S(x),

and is therefore not constant across the sky.

Proof. Follows from the spatial variation of the entropy field, which modulates
the effective redshift contribution at each point. The anisotropy δH is propor-
tional to the entropy gradient at the source location.
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This prediction is directly relevant to the Hubble tension: the discrepancy
between local and CMB-inferred values of H0 could reflect, in part, a directional
entropy gradient contribution that is not captured by purely geometric expansion
models.

27.5 Prediction III: Structure Formation Without
Dark Matter

Theorem 27.3 (Entropy-Driven Gravitational Clustering). In the RSVP framework,
matter clusters along gradients of the combined potential Φ + λS, producing effective
gravitational forces

Feff ∼ −∇(Φ + λS).

The observable signature is that galaxy rotation curves and cluster mass
profiles correlatewith entropy gradients in the baryonicmedium rather thanwith
the distribution of unseen dark matter. In regions of strong entropy production
(merger events, active star formation, AGN feedback), the effective gravitational
force is enhanced beyond the Newtonian prediction from visible matter alone.

27.6 Prediction IV: Lensing Anomalies Correlated
with Entropy

The gravitational lensing convergence receives an entropic contribution:

κ(x) = κmatter(x) + κentropy(x),

where κentropy ∝ ∇2S. Regions with low visible mass but strong entropy produc-
tion should exhibit measurable lensing in excess of the mass-only prediction.
This distinguishes the RSVP from both ΛCDM with dark matter (which predicts
lensing correlated with unseen mass) and modified gravity theories (which
predict lensing correlated with visible mass alone).
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27.7 Prediction V: Time Variation of Effective Con-
stants

Theorem 27.4 (Scale-Dependent Coupling Constants). Effective coupling constants
depend on the entropy background:

Geff = G (1 + εG S), αEM = α0 (1 + εα S),

where εG, εα are dimensionless coupling parameters of the theory.

Proof. From the renormalization analysis of Chapter 22, the effective couplings
flowwith the entropy background. In regions of high S, the running of couplings
is modified from the pure-QFT prediction by entropic backreaction.

The prediction is therefore that fundamental constants exhibit small but
measurable spatial or temporal variation correlated with the entropy distribution
of the local environment.

27.8 Comparison with ΛCDM

The differences between RSVP and ΛCDM can be organized by observable class.
Redshift in ΛCDM arises from metric expansion; in RSVP it arises from entropy
gradient accumulation along the line of sight. Darkmatter inΛCDM is a required
component of non-baryonic matter; in RSVP the same phenomenology emerges
from entropy-driven modification of gravitational clustering. Dark energy in
ΛCDM is a cosmological constant; in RSVP it is the large-scale redistribution of
entropic constraint. The CMB in ΛCDM is the thermal relic of recombination
following inflation; in RSVP it encodes the early constraint configuration of the
universe, with non-Gaussian correlations reflecting constraint topology rather
than purely inflationary fluctuations.

27.9 Falsifiability Conditions

The RSVP framework is falsified if any of the following conditions are defini-
tively established by observation. First, if the luminosity-distance relation strictly
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follows the FLRW prediction with no directional or environmental modulation
beyond that accounted for by ΛCDM, then the entropy gradient contribution
is zero within observational resolution, and the entropy field is physically ir-
relevant. Second, if gravitational lensing anomalies show no correlation with
entropy-producing processes such as baryonic activity, merger dynamics, or
AGN feedback, then κentropy = 0 and the modification to the Poisson equation is
undetected. Third, if structure formation can be fully reproduced by ΛCDM dark
matter without any residual requiring entropy-correlated clustering, then the
RSVP modification to gravitational dynamics has no observable effect. Fourth, if
high-precision measurements of fundamental constants in diverse environments
reveal no correlation with local entropy production, then the scale-dependent
coupling prediction of Theorem 27.4 is ruled out.

27.10 Experimental Pathways

The predictions above connect to active observational programs. The redshift-
distance deviation is accessible to high-redshift supernova surveys and next-
generation photometric redshift surveys. The directional Hubble constant vari-
ation connects to the existing body of H0 tension measurements and can be
searched in surveys with full-sky coverage. The entropy-correlated lensing pre-
diction connects to weak lensing surveys and the cross-correlation of lensing
maps with tracers of baryonic activity. The variation of constants connects to
atomic clock comparisons, spectral line drift in quasar absorption spectra, and
gravitational wave propagation speed measurements.

The RSVP framework does not require dedicated new instrumentation for
its initial tests. It requires the reanalysis of existing datasets with entropy-field
models as alternative explanatory variables, and new cross-correlations between
gravitational observables and tracers of entropy production that have not been
systematically searched.

27.11 Conclusion

A theory becomes physics when it risks being wrong. The RSVP framework
makes that risk explicit across seven independent observable domains, each
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connected to a specific structural feature of the theory. The predictions are not
designed to be unfalsifiable: each follows from a specific theorem in the preceding
chapters and would be refuted by a specific class of observations.

Either entropy shapes spacetime, or it does not. The answer is in principle
measurable.
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Chapter 28

Variational Foundations and Relational Re-
formulation

The laws of physics are the constraints that nature
refuses to violate.

Hermann Weyl, paraphrased

28.1 Variational Structure: Energy as Regularized
Compatibility

28.1.1 The Action Functional

We begin with a functional that admits a transparent physical interpretation
before any appeal to field theory. Consider

S[φ] =
∫
M

[
1

2
∂µφ ∂

µφ+
λ

2
(φ− ψ)2

]
d4x,

or equivalently, writing δ := φ−ψ for the deviation from a reference configuration
ψ,

S[φ] =
∫
M

1

2
(∂µφ)(∂

µφ) d4x+ λ

∫
M

δ2 d4x.

This functional penalizes spatial variation in φ while simultaneously penalizing
deviation from the reference. It is therefore a regularized compatibility functional:
the first term enforces smoothness and the second enforces proximity to a con-
straint.
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28.1.2 Structural Equivalence with Known Theories

The functional above is not exotic. It is structurally identical to the Klein–Gordon
field with a source term, to Tikhonov regularization in inverse problems, to
harmonic map energy with forcing, and to diffusion with a restoring term. In
every case the decomposition takes the form

Energy = ‖∇φ‖2︸ ︷︷ ︸
smoothing / tension

+λ ‖φ− ψ‖2︸ ︷︷ ︸
mismatch penalty

.

This universality is not coincidental. It reflects the minimal structure required
to couple propagation to constraint: the first term controls how rapidly incon-
sistency can change, and the second term measures how much inconsistency is
currently present.

28.1.3 The Equation of Motion

Theorem 28.1 (Driven Relaxation Equation). Critical points of S[φ] satisfy

�φ = λ(φ− ψ),

a driven wave or diffusion equation balancing smoothing and forcing.

Proof. The Euler–Lagrange equation is δS/δφ = −∂µ∂µφ + λ(φ − ψ) = 0. Rear-
ranging yields �φ = λ(φ− ψ).

The equation expresses a universal mechanism: gradients smooth the field
while mismatch pulls it toward the constraint. This single equation generates
diffusion (when λ� 1), wave propagation (in the inertial regime), and screening
(when λ > 0 acts as a mass term), depending on the dynamical regime and the
sign of the metric signature.

28.1.4 Energy Density and Proposition

The associated energy functional is

E =

∫
1

2

[
(∂tφ)

2 + (∇φ)2
]
d3x+ λ

∫
(φ− ψ)2 d3x.
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Proposition 28.2 (Energy as Deviation Cost). Energy measures the cost of deviation
from a compatible configuration under local smoothing dynamics. The integrand decom-
poses into non-negative kinetic, gradient, and potential mismatch terms, each of which
vanishes only at equilibrium.

This motivates a more precise statement of the central identification. The
informal phrase “energy is contradiction” becomes, in precise mathematical
language: energy is a norm measuring deviation from a constraint manifold
under a local propagation operator,

E[φ] = ‖∇φ‖2 + λ ‖φ− ψ‖2 ,

which is a Sobolev-type norm and a variational free energy.

28.1.5 Information-Theoretic Refinement

A deeper justification for the quadratic form comes from information theory. Let
P be a distribution induced by φ and Q the constraint distribution. Define the
energy as the Kullback–Leibler divergence

E = DKL(P ‖Q) =
∑
i

Pi log
Pi

Qi

.

Theorem 28.3 (Quadratic Limit of KL Divergence). For small deviations P =

Q+ δP ,
DKL(P ‖Q) ≈ 1

2
‖φ− ψ‖2 ,

where the norm is induced by the Fisher information metric.

Proof. Second-order Taylor expansion of DKL around equilibrium gives
1
2

∑
i(δPi)

2/Pi, which is the Fisher information quadratic form. In the Gaussian
approximation this reduces to the stated L2 norm.

The quadratic energy of physics is therefore not assumed but derived: it is
the small-error limit of an information-theoretic inconsistency measure. This
connection also explains why Boltzmann statistics, Gaussian priors, and least-
squares fitting all exhibit the same quadratic structure — they are all operating
in the small-defect approximation of the same underlying information geometry.
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28.1.6 Connection to RSVP

In RSVP language the correspondence is ‖∇φ‖2 ↔ ‖v‖2 and ‖φ− ψ‖2 ↔ S.
Energy is therefore the residual incompatibility under entropic smoothing. This
identification provides the variational justification for the RSVP field equations:
they are the Euler–Lagrange equations of a regularized compatibility functional
in which the entropy field plays the role of the mismatch penalty and the vector
field plays the role of the gradient tension.

28.2 Relational Reformulation: Energy as Failure of
Closure

28.2.1 From Values to Relations

The variational formulation of the preceding section treats φ(x) as a primitive
variable defined over a domain. This implicitly assumes that values exist inde-
pendently at each point, that comparison is defined by subtraction, and that
structure is encoded in a background space. We now systematically remove
these assumptions.

Definition 28.4 (Relational System). A relational system consists of a set of
regions (nodes) V , adjacency relations (edges) E , and transport operators Uij

assigned to directed edges (i→ j) and taking values in a compositional algebra
G.

The transport operators encode how structure propagates between neigh-
boring regions without presupposing any background space or reference frame.
Composition of transports along a path (i1 → i2 → · · · → in) gives

U(γ) := Uin−1in · · ·Ui1i2 ,

and the minimal structural requirement is that this composition be associative
with an identity element. This is not a physical law but a logical requirement:
without composability, relational structure cannot be defined, and with it, the
full apparatus of gauge theory, holonomy, and cohomological obstruction follows
as a necessary consequence.

126



Chapter 28. Variational Foundations and Relational Reformulation

28.2.2 Closure and Its Failure

In an ideal system, all loops would close trivially.

Definition 28.5 (Loop Closure and Closure Defect). A loop γ is consistent if
U(γ) = I . The closure defect is

∆(γ) := U(γ)− I.

Theorem 28.6 (Existence of Defects Under Finite Propagation). In any system
with finite propagation speed, global closure cannot be enforced instantaneously, and
nonzero ∆(γ) generically arises and persists.

Proof. Global closure requires simultaneous consistency of all loops. Finite prop-
agation restricts updates to local neighborhoods, preventing any single step from
enforcing distant consistency. Since updates propagate sequentially through the
network, transient inconsistencies arise at every moment and cannot be globally
eliminated in finite time without violating the propagation bound.

Definition 28.7 (Relational Energy).

E =
∑
γ

‖∆(γ)‖2 .

Proposition 28.8 (Gauge Invariance of Relational Energy). Under the conjuga-
tion Uij 7→ giUijg

−1
j , the energy E is invariant, provided the norm is invariant under

conjugation in G.

Proof. Under conjugation, the loop product transforms as U(γ) 7→ giU(γ)g
−1
i .

A norm invariant under conjugation therefore gives ‖∆(γ)‖ 7→
∥∥gi∆(γ)g−1

i

∥∥ =

‖∆(γ)‖.

Energy is therefore the magnitude of failure of relational closure, and it is
gauge-invariant: the physical content of the system resides not in the specific
representatives Uij but in the equivalence classes of loop holonomies.

28.2.3 Continuum Limit and Curvature

In the continuum limit, transport operators become connections on principal
bundles, and loop defects become curvature tensors. For an infinitesimal loop in
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the µν-plane,
∆(γµν) ≈ Fµν δx

µδxν ,

and summing squared defects over all plaquettes converges to

E ∼
∫
‖Fµν‖2 d4x,

which is the Yang–Mills functional. This recovers the gauge-theoretic energy
without assuming the Yang–Mills structure from the outset: it emerges as the
natural measure of relational inconsistency in the continuum limit.

28.2.4 Scalar Field Energy as Special Case

The variational energy E[φ] = ‖∇φ‖2 + λ ‖φ− ψ‖2 of Section 28.1 is a special
case of the relational energy in which the transport group is abelian and the
connections are one-dimensional. Differences φ(x)− φ(y) approximate transport
mismatch in the limit of small steps, and the squared gradient approximates
squared loop defects at second order.

28.3 Information-Theoretic Foundation: Energy as
Divergence from Consistency

28.3.1 Relational Consistency as Distributional Agreement

The relational formulation of the preceding section expressed energy as a norm
on closure defects. This norm carries an implicit metric structure on G that was
not derived from first principles. We now remove this residual arbitrariness by
grounding the energy functional in information theory.

At each region x, the local relational configuration induces a probability
distribution Px ∈ P(Fx) over the space of admissible local configurations Fx.
Consistency between neighboring regions x and y requires that these distribu-
tions agree on overlaps: Px ≈ Py on x ∩ y.

Definition 28.9 (Relational Inconsistency via KL Divergence). The inconsis-
tency between neighboring regions x and y is measured by the Kullback–Leibler
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divergence:

Dxy = DKL(Px ‖Py) =
∑
i

Px(i) log
Px(i)

Py(i)
.

Theorem 28.10 (Energy as Information Divergence). The global energy functional

E =
∑
〈x,y〉

DKL(Px ‖Py)

measures the total failure of local distributions to agree across overlaps. It vanishes if and
only if all local configurations are mutually consistent.

Proof. DKL(P‖Q) = 0 if and only if P = Q almost everywhere. Summing over
all adjacent pairs, the total vanishes if and only if every pair is consistent.

28.3.2 The Quadratic Limit and Fisher Geometry

Theorem 28.11 (Quadratic Energy as Second-Order Approximation). For small
deviations Px = P + ε δP +O(ε2),

DKL(P + ε δP ‖P ) = ε2

2

∑
i

(δPi)
2

Pi

+O(ε3).

Proof. Taylor expand log(1 + εδPi/Pi) to second order.

The coefficient
∑

i(δPi)
2/Pi is the Fisher information, which defines a Rie-

mannian metric on the space of probability distributions. The quadratic energy
of gauge theory, scalar field theory, and indeed all of the standard model is
therefore the small-defect limit of a more fundamental information-geometric
structure. This removes the earlier arbitrariness: the quadratic norm is derived,
not assumed, and the metric on G that it implies is the unique one consistent
with the information geometry of the relational state space.

28.3.3 Free Energy Functional and Variational Dynamics

Combining the information-theoretic energy with entropy gives a free energy
functional

F = E − TS =
∑

DKL(Px ‖Py) + T
∑
x

∑
i

Px(i) logPx(i),
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where T is an effective temperature controlling the trade-off between consistency
and distributional freedom.

Theorem 28.12 (Free Energy Dynamics). The gradient flow ∂tPx = −∇PxF min-
imizes relational inconsistency while balancing entropy. In the continuum limit this
yields

∂tφ = D∆φ− λ(φ− ψ),

the forced diffusion equation of Section 28.1.

Proof. The gradient of DKL with respect to Px contributes a forcing term propor-
tional to the log-ratio log(Px/Py); in the Gaussian approximation this is propor-
tional to φx − φy, giving the Laplacian under summation. The entropy gradient
contributes a term proportional to logPx, which in the Gaussian approximation
gives the restoring term −λ(φ− ψ).

28.4 Sheaf-Theoretic Unification: Obstruction as Co-
homology

28.4.1 From Local Consistency to Global Structure

The preceding sections established three equivalent characterizations of energy:
as a Sobolev-type norm on field deviations, as a gauge-invariant measure of
closure failure in a relational system, and as a KL divergence between local
probability distributions. We now unify all three within sheaf theory, which
is the natural mathematical home for the question of when local consistency
implies global consistency.

Definition 28.13 (Sheaf of Relational States). LetH be a hypergraph or simplicial
complex. A sheaf F assigns to each region U ⊂ H a space F(U) of local con-
figurations, and to each inclusion V ⊂ U a restriction map ρUV : F(U)→ F(V )

satisfying the compatibility condition ρVW ◦ ρUV = ρUW forW ⊂ V ⊂ U .

Definition 28.14 (Obstruction as Cohomological Cocycle). Given local sections
{sU}, the cocycle measuring inconsistency on overlaps is

ωUV = ρU,U∩V (sU)− ρV,U∩V (sV ).
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The obstruction to assembling a global section is the cohomology class [ω] ∈
H1(H,F).

Theorem 28.15 (Obstruction Theorem). A global section compatible with all local
sections {sU} exists if and only if [ω] = 0 in H1(H,F).

Proof. This is the standard sheaf-theoretic result: local sections glue to a global
section if and only if the cocycle condition ωUV = 0 is satisfied on all overlaps,
which holds if and only if the cohomology class vanishes.

Definition 28.16 (Cohomological Energy).

E = ‖[ω]‖2 ,

where the norm is induced by a metric on the coefficient group of F .

This recovers the relational energy of Section 28.2 as a special case: loop
defects are cocycles, the Yang–Mills curvature is the continuum limit of the
coboundary map, and the energy is the squared L2 norm of the cohomological
obstruction class.

28.4.2 Information-Theoretic Lift

The sheaf-theoretic and information-theoretic formulations are unified by assign-
ing to each local section sU a probability distribution PU ∈ P(F(U)). Compat-
ibility of sections corresponds to agreement of distributions on overlaps. The
KL divergence measures the degree of disagreement, and the global energy∑
DKL(PU ‖PV ) is therefore a probabilistic realization of the cohomological ob-

struction norm.

Theorem 28.17 (Sheaf–KL Equivalence). KL-based energy is a statistical realization
of cohomological obstruction. In the small-deviation limit, the two coincide up to the
Fisher metric induced on the coefficient space.

Proof. Differences between local distributions correspond to the failure of restric-
tion maps to satisfy the gluing condition, which is precisely the cocycle condition
of the sheaf cohomology. The Fisher metric provides the metric on the coefficient
space that relates the KL divergence to the norm on cohomology classes.
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28.4.3 Dynamics as Cohomology Flow

Theorem 28.18 (Obstruction Flow). Dynamics drives the system toward vanishing
cohomology: d

dt
[ω] = −∇ωE. However, finite propagation prevents global elimination of

obstruction, so the system perpetually approaches but never achieves [ω] = 0.

Proof. Gradient descent on the cohomological energy functional reduces ‖[ω]‖2

locally. But any finite-speed update that eliminates obstruction at one location
may propagate inconsistency to a neighboring region, preventing global vanish-
ing. By the Non-Closure Theorem (Theorem 19.6), this process is perpetual.

The full unification is now complete. Contradiction is nontrivial cohomology.
Energy is a norm on the obstruction class. Dynamics is the gradient flow of
that norm under finite propagation. The RSVP fields (Φ, v, S) are coarse-grained
representatives of the cohomological obstruction and its transport. Every prior
characterization in this monograph is a special case.
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Chapter 29

Emergence of Spacetime, Dynamics, and Full
Unification

Geometry is not something the universe has; it is
something the universe does.

Reformulation Principle

29.1 Emergence of Spacetime and Dimensional Con-
straint

29.1.1 Pre-Geometric Starting Point

The variational, relational, and cohomological formulations of the preceding
chapter were stated without assuming a manifold, a metric, coordinates, or
dimension. The primitive structure consists solely of a relational complex H,
composable transports Uij , obstruction ω measuring closure failure, probability
distributions Px encoding local states, and a finite propagation bound c. Geome-
try is not assumed; it must emerge from this structure.

29.1.2 Dimension as Compositional Rank

Definition 29.1 (Local Compositional Rank). The compositional rank r(x) at a
region x is the minimal number of independent directions of transport required
to form nontrivial loops and support nonzero obstruction.

Proposition 29.2. A one-dimensional relational system cannot support nontrivial
closure obstruction, because in one dimension all paths between two points are equivalent
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and no independent loops exist.

Proof. In a linear chain, transport from A to B and back is the only loop, and its
defect can be eliminated by a single local update. No nontrivial holonomy can
persist.

Theorem 29.3 (Minimal Viable Dimension for Stable Obstruction). The smallest
dimension supporting stable, propagating, and localized obstruction is d = 3. In three
independent directions, loops exist, defects can be transversally localized, propagation
and persistence coexist, and defect interactions are non-degenerate. Lower dimensions
either lack loops or overconstrain the dynamics so severely that all obstruction is either
trivially removable or instantly dispersed.

Proof. In d = 1: no independent loops, as shown above. In d = 2: loops exist
and holonomy can be nontrivial, but defects cannot be simultaneously local-
ized and propagating; any localized defect either collapses or disperses to the
boundary. In d = 3: three independent transport directions allow volumetrically
localized defects to persist while propagating transversally, satisfying all stability
conditions simultaneously. In d ≥ 4: additional dimensions are not required for
stability but permit richer interaction structures.

29.1.3 Emergent Metric and Causal Structure

Theorem29.4 (EmergentMetric fromFinite Propagation). Finite-speed propagation
induces an effective metric structure onH. The minimal propagation time from x to y
defines a distance function satisfying the triangle inequality locally, and the causal cone
of each event defines a local Lorentzian structure.

Proof. Define d(x, y) = infγ:x→y

∫
γ
c−1d` as the minimal travel time at speed c.

This satisfies d(x, x) = 0, d(x, y) ≥ 0, and the triangle inequality d(x, z) ≤
d(x, y) + d(y, z). The causal cone {y : d(x, y) ≤ t} defines a local metric structure
compatible with Lorentzian geometry in the continuum limit.

Theorem 29.5 (Arrow of Time from Constraint Ordering). Time arises as the
partial order induced by finite-speed resolution of obstruction. The forward temporal
direction is the direction of increasing distributed contradiction, corresponding to the
entropy gradient direction established by Theorem 26.4.

134



Chapter 29. Emergence of Spacetime, Dynamics, and Full Unification

Proof. Since local updates that reduce obstruction at one site propagate new
constraints to neighboring sites, no two distant updates can be causally simulta-
neous. This induces a partial order on update events, which is the causal structure
of time. The preferred direction is the direction in which entropy generically
increases (Corollary to Theorem 23.2), establishing the arrow.

Combining these results: space arises from the adjacency and compositional
rank of the relational complex; time arises from causal ordering of constraint
resolution; the metric arises from propagation speed; curvature arises from ob-
struction. Spacetime is the emergent macroscopic description of a pre-geometric
relational dynamics.

29.2 Dynamics as Constraint Flow: Wave, Diffusion,
and RSVP Equations

29.2.1 From Static Obstruction to Evolution

The obstruction ω has been defined kinematically as the failure of relational
closure. Dynamics is the evolution of ω under local compositional repair subject
to finite propagation. The fundamental principle is that dynamics is the causal
redistribution of obstruction: the system attempts locally to reduce closure fail-
ure, but can only do so at finite speed, so inconsistency propagates rather than
instantaneously annihilating.

Definition 29.6 (Constraint Flow). The evolution of ω under gradient descent on
the energy functional E[ω] =

∫
‖ω‖2 dµwith finite propagation is governed by

∂ω

∂t
= −δE

δω
+ c2∆ω,

where the Laplacian term encodes the finite-speed spatial diffusion of the gradi-
ent signal.

29.2.2 Hyperbolic, Parabolic, and Nonlinear Regimes

Theorem 29.7 (Three Dynamical Regimes from One Principle). The constraint
flow equation generates three qualitatively different physical regimes depending on the
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balance between inertia, dissipation, and nonlinearity.
In the underdamped inertial regime ∂2t ω− c2∆ω+m2ω = 0, obstruction propagates

as waves. Small deviations from closure travel at finite speed without attenuation,
and interference of wave fronts produces the characteristic patterns of electromagnetic,
gravitational, and acoustic radiation.

In the overdamped dissipative regime ∂tω = D∆ω − λω, obstruction diffuses. The
system relaxes toward minimum energy configurations by smoothing gradients, and the
rate of smoothing is governed by D and λ.

In the fully nonlinear regime ∂2t ω − c2∆ω = −λ ‖ω‖2 ω, nonlinear terms balance
dispersion and permit stable localized solutions (solitons). These correspond to particles:
stable packets of unresolved closure that persist because their self-interaction prevents
dispersal.

Proof. In the underdamped case, neglecting dissipation and linearizing gives the
Klein–Gordon equation, whose solutions are propagating wave modes. In the
overdamped case, neglecting second time derivatives gives the diffusion equation
with screening. In the nonlinear case, the cubic term provides a restoring force
that can balance the dispersive ∆ term for specific amplitude profiles, yielding
solitonic solutions.

29.2.3 RSVP as Coarse-Grained Obstruction Dynamics

The RSVP field equations derived in earlier chapters correspond to a specific
coarse-graining of the constraint flow. Identifying Φ ∼ −‖ω‖ as local consis-
tency level, v ∼ ∇ω as the propagation direction of obstruction, and S as the
distribution of unresolved obstruction across microstates, the RSVP system

∂tΦ +∇ · (Φv) = −κ ‖ω‖2 ,

∂tv+ (v · ∇)v = −∇Φ + ν∆v,

∂tS +∇ · JS = σ,

arises as the macroscopic description of the three coupled aspects of constraint
flow: scalar tension, directed transport, and entropic dispersal.

Theorem 29.8 (RSVP as Macro-Level Constraint Flow). The RSVP equations are
a coarse-grained representation of relational obstruction dynamics, in which each field
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encodes a functional of the underlying obstruction ω and its transport, preserving the
structure of propagation, interaction, and dissipation.

Proof. Coarse-graining the constraint flow equation by averaging ω over regions
of characteristic sizeΛ yields equations for 〈ω〉, 〈∇ω〉, and the variance 〈ω2〉−〈ω〉2.
These correspond, respectively, to the scalar field Φ, the vector field v, and the
entropy S of the RSVP system.

29.3 Full Unification: From Relational Algebra to
Physical Laws

29.3.1 The Unifying Objective

The preceding development has established a sequence of increasingly abstract
characterizations of the same underlying structure: regularized compatibility,
relational closure failure, information divergence, cohomological obstruction,
and constraint flow. We now assemble these into a single formal statement
showing that the standard physical laws arise as structured limits of the relational
principle.

29.3.2 Primitive Layer and Derived Quantities

The primitive structure consists of a relational complex H with composable
transports Uij ∈ G, probability distributions Px encoding local states, and a finite
propagation bound c. No metric, coordinates, or fields are assumed.

From these primitives, obstruction ω := U(γ) − I is derived, the energy
E =

∑
DKL(Px ‖Py) is derived, the free energy F = E − TS is derived, and

dynamics ∂t = −∇F subject to causal constraint is derived. All quantities follow
necessarily from the primitives.

29.3.3 Recovery of Gauge Theory, General Relativity, and Ther-
modynamics

Theorem 29.9 (Unified Recovery of Physical Theories). Under appropriate lim-
its and coarse-graining procedures, the RSVP-relational framework recovers standard
physical theories as follows.
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Gauge theory arises in the continuum limit when the transport group G is a
compact Lie group and the coarse-graining scale is sent to zero. The loop defect
∆(γ) → Fµνδx

µδxν and the energy E →
∫
Tr(FµνF

µν)d4x, which is the Yang–Mills
action.

General relativity arises when the metric emerges from propagation constraints
(Theorem 26.2), obstruction in the transport of tangent vectors gives the Riemann tensor,
and the effective stress tensor of the RSVP system sources the Einstein equations as
established in Theorem 26.2.

Thermodynamics arises in the regime where spatial gradients are negligible relative
to temporal fluctuations, so the dominant dynamics is entropic dispersal. The free energy
F reduces to a thermodynamic potential, entropy production σ ≥ 0 is the second law,
and the Boltzmann distribution ρ ∼ e−H/kT arises as the stationary distribution of the
gradient flow.

Quantum mechanics arises when the path integral over relational configurations,
Z =

∫
DP e−F [P ]/T , is analytically continued to imaginary temperature, giving the

Feynman path integral Z =
∫
Dφ eiS[φ]/h̄.

Proof. Each case is established by specializing the relational framework to the
appropriate regime and applying the coarse-graining theorems of Chapter 8. The
specific limits are: G = SU(N) and a→ 0 for gauge theory; metric from propa-
gation and Riemannian limit for GR; large-volume limit with uniform entropy
for thermodynamics; analytic continuation T → ih̄ for quantum mechanics.

29.3.4 Mass as Localized Persistent Obstruction

Theorem 29.10 (Mass–Obstruction Equivalence). Mass is the localized energy of
persistent relational obstruction scaled by c2: m = Elocal/c

2. Inertia is the resistance
of a localized obstruction configuration to change, which is proportional to the energy
required to deform the configuration.

Proof. In the RSVP framework, E = mc2 is Theorem 21.1. The inertia interpre-
tation follows from the fact that a localized high-energy defect configuration
requires work proportional to its energy to accelerate, which is Newton’s second
law applied to stable solitonic obstruction packets.
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29.3.5 The Central Identity

All components of the framework now resolve to a single identity. Curvature
is the failure of closure. Energy is the magnitude of that failure. Dynamics is
its causal redistribution. Entropy is its dispersal into microstructure. Mass is its
persistent localization. Quantum uncertainty reflects the distributional spread
over possible relational configurations.

Theorem 29.11 (Relational Unification Principle). All physical laws governed by
this framework emerge from three structural features: the composability of relations, the
finite speed of propagation, and the measurement of closure failure. Each physical theory
corresponds to a particular projection or limiting regime of these three features applied to
the relational complexH under appropriate coarse-graining.

Proof. Composability defines what it means for relations to be consistent; finite
propagation defines causality; measurement of closure failure defines energy.
Gauge theory projects onto the algebraic structure of G; general relativity projects
onto the metric structure ofH; thermodynamics projects onto the entropic dis-
persal of ω; quantum mechanics projects onto the probability distribution over
ω-configurations. Each projection is a corollary of the coarse-graining theo-
rems.

29.4 Predictions, Testable Consequences, and Failure
Modes

29.4.1 From Framework to Empirical Content

A structurally coherent framework becomes a physical theory when it gener-
ates predictions distinguishable from those of existing models. The relational-
obstruction framework produces seven classes of predictions that follow specifi-
cally from the conjunction of finite propagation, unavoidable relational obstruc-
tion, and information-theoretic energy.
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29.4.2 Seven Predictions

The first prediction concerns residual non-minimization of the action. A causally
constrained relational system cannot globally minimize its energy functional, so
persistent residual energy must exist even in nominal equilibrium states. The
observable consequence is that vacuum energy cannot vanish in principle: any
system maintains irreducible obstruction corresponding to the obstruction that
cannot be eliminated within finite propagation time. The cosmological constant,
on this interpretation, is not a fine-tuning problem but a structural necessity.

The second prediction concerns finite-speed constraints on correlation lengths.
Correlation propagation is bounded by the causal transport of obstruction, giving
maximumcoherence scales in physical systems, limits on the rate of entanglement
propagation, and deviations from instantaneous equilibration in strongly coupled
systems.

The third prediction concerns defect-based particle structure. Stable particles
correspond to localized solitonic obstruction configurations whose stability is
determined by topological or dynamical defect protection. The mass spectrum
may reflect the quantization of obstruction energy, and particle interactions
correspond to the merging and splitting of defect configurations.

The fourth prediction is that entropy cannot be globally eliminated in finite-
propagation systems. Irreversibility is therefore fundamental rather than emer-
gent: perfect reversibility is unattainable in principle, and entropy production
persists in all dynamical regimes including those operating at very low tempera-
tures.

The fifth prediction concerns geometric–informational coupling. Geometry
responds to informational inconsistency through the entropy stress tensor T (S)

µν ,
predicting deviations from standard Einstein equations in high-information-
density regimes, entropy-gradient–curvature coupling, and measurable correc-
tions in settings where the entropy field gradient is large.

The sixth prediction concerns scale-dependent energy. The quadratic energy
functional is only the second-order approximation of the KL divergence. At
high energies or small scales where the defect magnitude is not small, nonlinear
corrections become significant. These manifest as deviations from standard field
theory at small scales and possible renormalization signatures of informational
origin.
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The seventh prediction is that global relational closure is unattainable, produc-
ing measurable holonomy-like residuals, path-dependent observables in extreme
environments, and potential anomalies in gauge-like structures in settings where
the loop-size approaches the Planck scale or the system correlation length.

29.4.3 Failure Modes

Three failure modes would undermine or refute the framework. First, trivializa-
tion: if the obstruction ω ≡ 0 globally, then there is no curvature, no dynamics,
and no entropy. This corresponds to a physically empty universe and would
rule out the framework as a description of reality. Second, unbounded insta-
bility: if obstruction grows without bound in typical configurations, then no
stable structures, persistent objects, or coherent dynamics exist, and the frame-
work fails to describe the organized universe we observe. Third, predictive
underdetermination: if the choice of relational algebra, divergence measure, and
coarse-graining procedure is insufficiently constrained, the framework becomes
interpretive rather than predictive, capable of accommodating any observation
by adjusting its free parameters.

Theorem 29.12 (Minimal Constraints Against Failure Modes). The framework
avoids trivialization if and only if ω 6≡ 0, which is guaranteed by the finite propagation
theorem (Theorem 19.6). It avoids unbounded instability if the relational algebra G is
compact and the energy functional is bounded below, which is satisfied by any compact
gauge group and a positive-definite norm. It avoids underdetermination if the relational
algebra, the coarse-graining scale, and the propagation speed are fixed by independent
physical input rather than fitted to the observations being explained.

Proof. Non-triviality follows directly from Theorem 19.6. Boundedness below
follows from the positive semidefiniteness of ‖ω‖2 and DKL ≥ 0. Determination
requires that at least three independent observable quantities—a mass scale, a
length scale, and a coupling constant—be fixed from experiment rather than
from the framework itself.

29.4.4 Falsifiability Criteria

The framework is falsified by any of the following outcomes. If global equilibrium
without residual energy is reliably observed in a closed system, the first prediction
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fails. If instantaneous long-range consistency is verified beyond the causal bound,
the second prediction fails. If no measurable obstruction-like effects—holonomy
residuals, path-dependent observables, entropy-curvature coupling—exist at
any accessible scale, the fifth and seventh predictions simultaneously fail.

The theory therefore has the character required of a physical theory: it makes
specific claims about what the world must contain, and those claims can in
principle be violated by observation.
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Mathematical Appendix: Constraint Systems,
Obstruction, and Dynamics

This appendix collects the formal definitions, propositions, and derivations that
underpin the main text, organized by topic. The proofs given here are intended
to be complete rather than merely indicative; where a proof is abbreviated, the
missing steps are straightforward verifications from the definitions.

A. Relational Constraint Systems

Let G = (V,E) be a finite directed graph. Each edge (i, j) ∈ E carries a relation
Rij ∈ G, where G is a group. A loop ` = (i0, i1, . . . , in = i0) is a cyclic sequence of
vertices in which each consecutive pair (ik, ik+1) is an edge of G.

Definition (Loop Holonomy). The holonomy of a loop ` is the composed relation

Ω` = Ri0i1 ·Ri1i2 · · ·Rin−1i0 ∈ G.

The system is said to be locally consistent at loop ` if Ω` = e, the identity
element of G. Departure from this condition defines the obstruction Ω` − e,
measured in the tangent space of G at the identity or, for matrix groups, in the
Lie algebra via the logarithm.

Definition (Energy Functional). The energy of the relational constraint system is

E =
∑
`∈L

w` ‖Ω` − e‖2 ,

where L is a designated collection of loops and w` > 0 are positive weights.

Proposition. E = 0 if and only if Ω` = e for all ` ∈ L. Equivalently, E = 0 if and
only if the system is locally consistent at every monitored loop.
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Proof. Each term w` ‖Ω` − e‖2 is nonnegative by positivity of the norm, and van-
ishes if and only if Ω` = e. The sum vanishes if and only if every term van-
ishes.

B. Gradient Flow and Energy Dissipation

Let the relations Rij evolve in continuous time. The gradient flow of the energy
functional is

dRij

dt
= −η gradG E

∣∣
Rij
,

where gradG denotes the gradient with respect to the group metric on G and
η > 0 is the relaxation rate. The gradient at Rij is

gradG E
∣∣
Rij

= 2
∑
`3(i,j)

w` (Ω` − e) ·
∏

(k,l)∈`
(k,l)6=(i,j)

Rkl,

involving only the defects of loops containing the edge (i, j) and the relations of
the other edges in those loops. This locality is the key property: the gradient is
computable from strictly local information.

Proposition (Energy Dissipation). Under the gradient flow, dE
dt
≤ 0, with equality

if and only if the gradient vanishes at every edge.

Proof. dE
dt

=
∑

(i,j)∈E gradG E
∣∣
Rij
· dRij

dt
= −η

∑
(i,j)

∥∥∥gradG E
∣∣
Rij

∥∥∥2 ≤ 0.

C. Finite Propagation and the Wave Equation

Finite propagation is imposed by requiring that dRij

dt
depend only on relations

within a causal neighborhood of (i, j) at the preceding time step. Formally, let
N (k)

ij denote the set of edges within graph distance k of (i, j). The local update
rule constrains dRij

dt
to depend only on {Rkl(t) : (k, l) ∈ N (1)

ij }.
In the linearized regime, write Rij(t) = e+ εφij(t) for small perturbations φij

taking values in the Lie algebra g of G. To leading order in ε, the loop holonomy
becomes

Ω` ≈ e+ ε
∑
(i,j)∈`

φij,
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and the energy functional becomes

E ≈ ε2
∑
`

w`

∥∥∥ ∑
(i,j)∈`

φij

∥∥∥2.
In the continuum limit with a uniform lattice of spacing a, associating φij with a
continuum field Aµ(x) and minimal loops with plaquettes, the energy density
becomes 1

2
|∇A|2. The gradient flow with inertia (second-order in time) then

yields
∂2A

∂t2
= c2∆A,

the wave equation, where c is a speed determined by the inertial-to-elastic param-
eter ratio of the relational system. No wave equation was assumed; it emerged
from local consistency pressure and finite propagation.

D. Principal Bundles and Connections

Let G be a Lie group with Lie algebra g. A principal G-bundle π : P → M

over a smooth manifoldM is a fiber bundle with typical fiber G and transition
functions in G acting by right multiplication. A connection on P is a g-valued
one-form A ∈ Ω1(P, g) satisfying the equivariance condition R∗

gA = Adg−1A and
the vertical projection condition. The curvature of A is

F = dA+ 1
2
[A,A] ∈ Ω2(P, g),

where [A,A] denotes the graded Lie bracket; this term vanishes for abelian G.
The holonomy around a loop γ : [0, 1] → M is Hol(γ) = P exp

(∮
γ
A
)
∈ G,

the path-ordered exponential. Curvature is the infinitesimal holonomy: for an
infinitesimal loop in the µν-plane,

Hol(γµν) ≈ e+ Fµν δx
µδxν +O(δx3).
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E. The Yang–Mills Functional and Its Critical Points

On a Riemannian manifold (M, g), the Yang–Mills functional is

YM(A) =
1

2

∫
M

tr(FA ∧ ∗FA) =
1

4

∫
M

tr(FµνF
µν)dvolg,

where ∗ is the Hodge star operator and the trace is taken in the adjoint rep-
resentation. This is the continuum limit of the relational energy functional
E =

∑
`w` ‖Ω` − e‖2 for the group G over a lattice approximating M . Critical

points of YM satisfy the Yang–Mills equations dA∗FA = 0, where dA is the covari-
ant exterior derivative. Self-dual connections (FA = ∗FA) are absolute minima;
these are the instantons.

F. Lattice Gauge Theory and the Wilson Action

On a hypercubic lattice Λ ⊂ Rn with spacing a, assign link variables Ux,µ ∈ G to
each directed link (x, x+ aµ̂). The minimal loops are plaquettes

UP = Ux,µ Ux+aµ̂, ν U
†
x+aν̂, µ U

†
x,ν .

The Wilson action [6] is SW = − β
N

∑
P Re tr(UP ), where β = 2N/g2 for gauge

group SU(N). Writing Ux,µ = exp(iaAx,µ) and expanding for small a, the plaque-
tte becomes UP ≈ exp(ia2Fµν +O(a

3)), and the Wilson action converges as a→ 0

to 1
4g2

∫
F a
µνF

a
µν d

nx, the Yang–Mills action. The lattice formulation is therefore
the exact discrete version of the relational energy functional, with plaquette
holonomies as loop defects.

G.Homological Algebra: Ext andDerivedObstruction

Let A be an abelian category (for example, the category of R-modules for a com-
mutative ringR, or a category of sheaves of abelian groups). For objectsA,B ∈ A,
the group ExtnA(A,B) is defined as the n-th derived functor of Hom(A,−) evalu-
ated atB, or equivalently as the group of equivalence classes of n-fold extensions

0→ B → En → En−1 → · · · → E1 → A→ 0.

146



Chapter 29. Emergence of Spacetime, Dynamics, and Full Unification

For n = 1, such an extension splits (as a direct sum E1
∼= A⊕B) if and only if its

class in Ext1(A,B) is trivial. A nontrivial class records a hidden coupling that is
an obstruction to decomposition. The long exact sequence associated to a short
exact sequence 0→ A′ → A→ A′′ → 0 yields the connecting homomorphisms
δ : Extn(A′′, B)→ Extn+1(A′, B), encoding how obstructions propagate through
the algebraic structure. The Tor groups TorRn (A,B) are the derived functors of
the tensor product A⊗R − evaluated at B; TorR1 (A,B) measures the failure of A
to be flat over R and classifies interaction-type residual constraint.

H. Sheaf Cohomology and Gluing Obstructions

LetX be a topological space andF a sheaf of abelian groups onX . Given an open
cover {Ui}, the Čech complex Č•({Ui},F) has n-cochains Čn =

∏
i0<···<in

F(Ui0 ∩
· · · ∩ Uin) and coboundary maps δ : Čn → Čn+1 given by the alternating sum of
restrictionmaps. The Čech cohomology Ȟn({Ui},F) classifies n-cocyclesmodulo
n-coboundaries and agrees with the derived functor sheaf cohomologyHn(X,F)
for good covers. A class [ω] ∈ H1(X,F) represents an obstruction to gluing local
sections: the local sections {si ∈ F(Ui)} glue to a global section if and only if
[ω] = 0. The energy functional E ∼ ‖[ω]‖2 therefore vanishes if and only if the
local RSVP configurations can be assembled into a globally consistent field.

I. Entropy as Growth of Cohomological Complexity

As the relational system evolves, the sheaf Ft changes with time, and with it the
cohomology groups Hn(X,Ft). Obstruction tends to migrate from low-degree
to high-degree cohomology under the dynamics: local consistency is restored in
H1 at the cost of creating new classes inH2, which are in turn resolved at the cost
of H3, and so on. This migration is the categorical statement of entropy increase:
contradiction becomes more dispersed and more complex in its organizational
structure, requiring more global coordination to resolve.

A formal entropy measure consistent with this picture is

S(t) =
∑
n≥0

αn log dimHn(X,Ft),

147



Energy as Contradiction

where αn > 0 are weights encoding the inaccessibility of degree-n obstruction
to local correction. Low-entropy states are those in which all obstruction lies
in H0 and H1; high-entropy states are those in which it is distributed across all
degrees. The thermodynamic second law corresponds to the statistical statement
that, under generic dynamics, obstruction flows toward higher degrees.

J. Information-Theoretic Entropy

For a probability distribution {pi} over microstates, the Shannon entropy is
H = −

∑
i pi log pi [5]. The thermodynamic entropy is S = kBH for the Boltz-

mann distribution over phase space [3]. In the relational framework, the mi-
crostate space is the space of relational configurations {Rij} compatible with
the macroscopic constraints, and entropy measures the dispersion of defects
over this space. Low entropy corresponds to concentrated defects accessible to
macroscopic intervention; high entropy corresponds to defects dispersed into
microstructure and recoverable only with exponentially large coordinated effort.

C. Explicit Discrete Models of Constraint Propagation

Let φi(t) be a scalar field on lattice sites i ∈ Zd, with energy E [φ] = 1
2

∑
〈i,j〉(φi −

φj)
2.

Theorem (Discrete Diffusion). The update rule φi(t+1) = φi(t)−α
∑

j∼i(φi− φj)

is discrete gradient descent on E and converges for α < 1/(2d) toward locally
constant configurations.

Proof. The gradient of E at site i is
∑

j∼i(φi − φj). The update is an explicit Euler
gradient descent step. Standard stability results give monotone decrease of E
for sufficiently small α, with convergence toward critical points (locally constant
fields).

Theorem (DiscreteWave Dynamics). The inertial scheme φi(t+1)−2φi(t)+φi(t−
1) = c2

∑
j∼i(φj − φi) is the lattice discretization of φtt = c2∆φ.

Proof. The left side is the second finite difference in time; the right side is c2 times
the discrete Laplacian. This is the standard second-order finite-difference wave
equation, consistent and conditionally stable for c∆t/∆x ≤ 1.
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D. Categorical Constructions and Examples

Let X = U ∪ V with overlap U ∩ V and F a sheaf of abelian groups. Given local
sections sU ∈ F(U) and sV ∈ F(V ):

Theorem (Gluing Criterion). A global section s restricting to sU and sV exists if
and only if sU |U∩V = sV |U∩V .

Proof. Necessity follows by restriction. Sufficiency follows from the sheaf axiom.

Corollary. Failure of compatibility on U ∩ V defines a first-order obstruction
class in H1(X,F), detectable by the Mayer–Vietoris connecting homomorphism
δ : H0(U ∩ V,F)→ H1(X,F).

As a concrete example: take X = S1 covered by two overlapping arcs, with
F the constant sheaf Z. Local sections are integers on each arc; gluing requires
agreement on the two overlap points. Failure records a winding number in
H1(S1,Z) ∼= Z. The loop defect and the cohomological obstruction are the same
object.

E. Worked Derivation: From RSVP Fields to Effective
Equations

We demonstrate the full derivation pipeline explicitly. The minimal RSVP La-
grangian is

LRSVP =
χΦ

2
(∂tΦ)

2−1

2
(∇Φ)2+χv

2
(∂tv)2−

1

2
|v|2+χS

2
(∂tS)

2−κS
2
(∇S)2−V (Φ, S)−α v·∇Φ−β S∇·v,

with V =
m2

Φ

2
Φ2 +

m2
S

2
S2 + ηΦS.

Euler–Lagrange variation gives three coupled field equations:

χΦ ∂ttΦ−�Φ = α∇ · v−m2
ΦΦ− ηS, (29.1)

χv ∂ttv+ v = −α∇Φ− β∇S, (29.2)

χS ∂ttS − κS�S = −ηΦ−m2
SS − β∇ · v. (29.3)
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Setting χΦ = χv = χS = 0 and using the static transport relation v = −α∇Φ−
β∇S yields the modified Poisson equation

∇2Φ = 4πGρm + λII(x), I(x) = c1∇2S + c2S + c3Φ.

Retaining inertia and takingweak couplings yieldsKlein–Gordonwave equations.
Coupling to the metric via Stot = (16πG)−1

∫
R dnxg + SRSVP and varying with

respect to gµν yields the Einstein equation with effective source

T RSVP
µν = T (Φ)

µν + T (v)
µν + T (S)

µν + T (int)
µν ,

reducing to general relativity when the vector and entropy sectors are negligible.
Every equation is a consequence of the variational principle; none is inserted
heuristically.

F. Dictionary of Correspondences

The following maps RSVP terminology to standard concepts, noting the key
structural difference in each case.

Φ (scalar tension): scalar potential or order parameter, but coupled dynamically
to v and S rather than evolving independently.
v (transport field): velocity field or gauge connection, but encodes the direction
of contradiction propagation rather than particle velocity.
S (entropy field): thermodynamic entropy or Shannon information, but a pri-
mary dynamical field with its own equation of motion, not a correction term.
D(R) (defect density): energy density, but derived as a measure of relational
inconsistency rather than postulated as a primitive.
Loop holonomy: gauge field strength or curvature; the same mathematical object
in both standard and RSVP formulations.
Coarse-grainingRλ: renormalization group transformation; reorganizes obstruc-
tion across scales without eliminating it.
Projection Π: passage to an effective theory; scalar field theory (ΠΦ), gauge
theory (Πv), or thermodynamics (ΠS).
Metastability: locally stable configurations that are not globally resolved; the
only form of order achievable in finite systems (Non-Closure Theorem 19.6).
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