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Abstract

While Ontic Structural Realism (OSR) has successfully challenged entity-first ontologies by prioritizing
relational structures over self-subsistent objects, its standard formulations largely originate from funda-
mental physics. Consequently, classical OSR lacks a unified, trans-scale generative framework capable of
explaining how non-fundamental, organized systems—from biological metabolisms to socio-cognitive
architectures—maintain their structural identity across time and metabolic turnover.

This paper proposes Dynamic Structural Realism (DSR) to address this explanatory gap. Under DSR,
structure is not a static set of mathematical relations, but a high-dimensional constraint field that restricts
the space of possible trajectories. Conversely, process is not mere motion occurring within a structure,
but the operational engine through which a structure achieves and sustains its actuality. Organizational
existence is defined as the continuous, reciprocal co-actualization of these two dimensions.

Formally, DSR introduces the ontological grammar

Piem = Lstruct * Vsem-

In this framework the terms are not presumed to be scalars, and the symbol () denotes a typed generative
coupling operator rather than ordinary multiplication. A multidimensional structural constraint field
(Zstrucr) selects and directs a generative processual flow (veer,), which in turn realizes and maintains the
constraint field, producing actualized organizational power (P ). Under a fixed measurement projection
and within a regime of bounded organizational capacity, the low-dimensional empirical projections of
this coupling obey the exact conservation
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where K, is the capacity constant of that observational frame. Ordinary scalar multiplication is therefore
not an approximation of the ontological relation, but its precise image after the projection functor has
been applied.

To move beyond metaphysical speculation, we formulate testable consequences by deploying modern
artificial learning systems as an intervention testbed. We show that the “hallucination” crisis in aggres-
sively scaled generative models can be rigorously reinterpreted as a structural decoherence phenomenon,
providing a methodology to observe what happens when raw processual throughput expands while
structural constraint closure remains ungrounded.

Ultimately, DSR offers a progressive research programme. It provides a novel response to Newman’s
objection via causal-modal constraints, bridges OSR with process philosophy, and reconstructs scientific
realism around the preservation of generative constraint transformations. This paper presents a trans-
domain ontological grammar for organized reality, not a new law of fundamental physics.

1 Introduction: How Does Organized Reality Continue to Exist?

1.1 The Anomaly of Organized Systems

Across the physical, biological, and special sciences, one encounters a profound ontological anomaly
regarding existence and persistence. On one hand, certain systems undergo continuous, total replacement
of their material constituents yet maintain a robust, uninterrupted identity. On the other hand, different
classes of highly resourced systems can experience continuous expansion in material or computational
inputs, yet suffer catastrophic organizational collapse from trivial perturbations. This stark divergence
poses a unified question: Is the continuity of a system dictated by its underlying material composition, or
by an invariant organizational topology that actively resists dissipation?

Consider biological life. A living cell or a human body exists in a state of continuous thermodynamic
flux, turning over its metabolic constituents and cellular structures over time. Yet, somatic individuality
and functional homeostasis persist uninterrupted. This biological identity is not secured by the microscopic
identity of atomic particles, but by the closure of a constraint network that actively regenerates its own
boundary conditions across time.

A structurally analogous phenomenon appears in human institutions. Legal courts, universities, and
sovereign states survive the complete generational turnover of their individual human members. Their
institutional structure—comprising norms, roles, authorizations, memories, and enforcement protocols—
constitutes a multilayered constraint field. Personnel replacement does not automatically dissolve
institutional identity, yet a rupture in this underlying network of constraints (such as a sudden collapse of
trust or legal consensus) can render the institution instantly functionally extinct.

Conversely, contemporary artificial learning systems provide a negative counter-example. Modern
large language models possess high-dimensional parameter spaces with massive representational capacity.
However, because they often lack invariant causal constraints across contexts, counterfactuals, and tempo-
ral horizons, their enormous parameter “scale” does not reliably translate into organizational robustness.
In these systems, a massive expansion in computational scale without a corresponding grounding in
relational constraints frequently yields semantic decoherence rather than resilient actualization.

These contrasting cases distill the central ontological problem this paper addresses: What kind of
relational architecture allows a system not merely to undergo change, but to continuously realize itself as
the same organized entity in the face of thermodynamic and environmental flux?
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1.2 The Limits of Entity-First Ontology

The dominant metaphysical framework inherited from early modern natural philosophy—an “entity-
first” ontology—posits that reality is exhaustively characterized by fundamental self-subsistent entities
interacting via energetic potentials. In its most sophisticated contemporary physicalist forms, this view
offers immense predictive power at the fundamental level by treating macroscopic objects as mereological
sums or statistical aggregates of microphysical particles or field excitations.

However, when applied to the organizational strata of reality, an explanatory gap emerges. Knowing
the fundamental physical dynamics of all particles in an organism or an institution is insufficient to deduce
its systemic boundaries, its viable functional trajectories, or its criteria for normative failure. Organized
reality demands explanatory resources that capture how macroscopic boundary conditions are actively
sustained.

The traditional reductionist response is to treat “structure” as an epiphenomenal, extrinsic arrangement—
a spatial configuration added to pre-existing entities. But in complex systems, structure is not merely a
spatial arrangement; it is a constraint geometry. It operates by actively pruning the state space, rendering
certain configurations and transitions nomologically or functionally impossible, thereby carving out a
stable basin of viable trajectories.

In such systems, the relationship between the structure and its material substrate is one of asymmetric
but reciprocal dependence. The substrate provides the necessary physical or computational medium of
realization, but it is the structural constraint topology that endows the system with its identity conditions,
causal boundaries, and organizational capacities. Substrates are realization conditions; structures are
organizational conditions.

1.3 The Core Proposition: Dynamic Structural Realism

To address this explanatory gap, this paper introduces Dynamic Structural Realism (DSR). DSR does
not merely append a time variable to existing structural realism. Instead, it redefines the concept of
structure itself: a structure in the non-fundamental world is not a static platonic form, but an actualized
regime of constraints that exists if and only if it is continuously maintained by process.

We formalize structure as a multidimensional constraint organization, termed the constraint field
(Istruer)- This is not a simple scalar value, but a complex topological architecture characterized by its
degree of causal closure, hierarchical depth, functional redundancy, repairability, and capacity to compress
the space of permissible states while maintaining counterfactual stability.

Reciprocally, we introduce generative flow (veem). This denotes the system’s directed state transitions
within its possibility space. Crucially, in this paper, the term “semantic” does not narrowly refer to
linguistic meaning. We define “semantic” as consequential significance: internal differences that make a
difference to the system’s future states, boundary maintenance, and causal selection. Generative flow
is thus not equivalent to raw mechanical speed, clock rate, or computational FLOPs; it is the rate of
transition that carries organizational consequence.

These two dimensions are united in the paper’s core ontological grammar:

Piem = Lsiruct * Vsem

Type Declaration.

In this paper the symbol * does not denote ordinary scalar multiplication. It denotes a typed
generative coupling operation through which a field of relational constraints (Isct) selects, directs,
and compresses a processual flow (veem), While that flow simultaneously realizes, repairs, and
maintains the constraint field. The product Py.p, is the system’s actualized organizational power.
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Under a fixed observational frame Lp o and within a regime of bounded total capacity, the pro-
jected scalars satisfy the exact conservation iy, - v, = K;;. This equality is the precise image of the
conservation law after projection; it is not an approximation of the higher-dimensional ontological
relation.

Under DSR, organizational existence is defined by this reciprocal constraint-realization closure. A
constraint field without a generative process is merely a latent possibility; a generative process without
structural constraint is unorganized noise. It is only in their mutual co-actualization that organized reality
persists. (See Figure 1 for an illustration of this reciprocal non-linear cycle, which replaces the traditional
entity-first linear pipeline.)

Substrate
(M)

selects / directs

—

Constraint Field Generative Flow
(struct) (Vsem)

Actualized Organizational Power
(Psem)

Figure 1: From Entity-First Pipeline to Organized Actualization. Unlike traditional models that treat
structure as a static byproduct of entities, DSR posits a dynamic, reciprocal cycle where constraints and
processes mutually realize the system’s organizational power.

1.4 Scope and Methodological Strategy

It is crucial to delineate the epistemic boundaries of this paper. This work is a theoretical contribution
to naturalized metaphysics and the philosophy of science. It does not propose a new fundamental physical
law (e.g., a revision to quantum field theory), nor does it present a finalized engineering report on Al
architectures.

Methodologically, we first employ conceptual engineering to reconstruct the philosophical notions of
structure, process, identity, constraint, and realization, freeing them from static and substantivalist biases.

Second, we construct a strict three-level formal architecture. We distinguish the ontological layer
(the trans-domain grammar of constraint and process) from the formal realization layer (domain-specific
mathematical models like tensor fields or category theory) and the empirical projection layer (scalar
metrics used for observation).

Third, we adopt modern learning systems as a highly manipulable intervention testbed. Rather
than claiming existing Al failures “prove” DSR, we formulate falsifiable consequences. Al provides a
laboratory where processual throughput and constraint architectures can be decoupled and measured,
yielding empirical projections of our philosophical claims.

The paper proceeds as follows: Section 2 diagnoses the limitations of standard structural realism.
Section 3 constructs the formal ontology of DSR. Section 4 formalizes the logic of generative coupling.
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Section 5 defends DSR against classic philosophical objections. Section 6 translates DSR into a falsifiable
experimental programme for learning systems, and Section 7 explores the broader implications for the
philosophy of science.

2 Structural Realism and the Missing Theory of Actualization

2.1 From Functional Concepts to Ontic Structure

To appreciate the necessity of DSR, we must trace the trajectory of structuralist thought. The intellec-
tual shift away from entity-first metaphysics accelerated with Ernst Cassirer (1910), who demonstrated
that the exact sciences progress by replacing “thing-concepts” with “relational or functional concepts.”
Cassirer’s insight was that objective scientific knowledge grasps relational invariants across transforma-
tions, rather than merely deleting entities from our ontology.

In modern analytic philosophy, John Worrall (1989) revitalized this via Epistemic Structural Realism
(ESR). Worrall argued that while the unobservable entities postulated by scientific theories (e.g., the
luminiferous ether) are discarded during paradigm shifts, their mathematical structures (e.g., Fresnel’s
equations) are preserved. However, ESR remained primarily an epistemological thesis about the limits of
scientific knowledge, leaving the ontological status of the world ambiguous.

Ontic Structural Realism (OSR) subsequently closed this gap by asserting that relational structures
are ontologically fundamental. Contemporary OSR is not a monolith; it spans eliminative (denying
objects entirely), moderate, modal, and causal variants. While these variants successfully accommodate
fundamental physics (e.g., quantum entanglement and spacetime manifolds), they frequently operate at
the level of fundamental symmetries and mathematical formalisms.

The critical increment offered by DSR is not to re-litigate whether structure is real, but to ask a
fundamentally different question: How does a structure acquire, maintain, and lose its reality through
time? OSR explains what the universe fundamentally is; DSR explains how non-fundamental, organized
entities within that universe manage to actualize and sustain themselves.

2.2 Newman’s Objection and Extensional Triviality

Any structuralist ontology must confront the classic challenge formulated by M. H. A. Newman (1928).
Newman demonstrated that if a theory only specifies an abstract, purely extensional relational structure (a
set of objects and relations), that structure is trivially realized by any empirical domain containing the
correct cardinality of elements. If structure is reduced to extensional isomorphism, structural realism
risks collapsing into a trivial claim about the number of objects in the world.

To resolve this, we must rigorously distinguish between three types of structure: (1) an abstract
relational pattern (which is vulnerable to Newman'’s triviality), (2) a physically realized constraint (which
possesses thermodynamic reality), and (3) a self-maintaining organizational closure (which actively
regenerates its own constraints). DSR is concerned exclusively with the latter two.

DSR’s response to Newman relies on establishing non-arbitrary criteria for structural realization. A
true generative structure under DSR cannot be reverse-engineered post hoc by arbitrary set-theoretic rela-
beling. It must impose active modal restrictions on the system’s trajectories, demonstrate stability under
interventions, incur a thermodynamic or computational cost for its realization, and exhibit mechanisms
for cross-time maintenance.

2.3 Four Blind Spots Rather Than Three

The inability of standard OSR to fully account for organized, macroscopic systems stems from four
interconnected theoretical blind spots:
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1. Atemporal Abstraction: Standard OSR, modeled on timeless symmetry groups and conservation
laws, lacks an internal theory of time. It provides no formal vocabulary to describe how non-fundamental
structures are generated, how they are homeostatically maintained against entropy, and how they eventually
decay.

2. Scalar/Binary Compression: Traditional approaches often treat structure as a binary property (a
system either instantiates a mathematical group or it does not), or compress it into a single scalar density
metric. This radically oversimplifies the high-dimensional, multi-axial nature of constraint organizations,
which involve nested hierarchies and topological redundancies.

3. Externalized Process: When process is discussed in traditional structuralism, it is usually viewed
as an event or motion that happens within a pre-existing structural container. Standard OSR fails to
recognize process as the intrinsic, necessary condition for the structure’s very actuality.

4. Missing Realization Map: Standard structural realism often moves directly from abstract mathe-
matical formalisms to physical reality without providing a mapping mechanism. It lacks a clear theoretical
bridge translating universal structural grammar into domain-specific formal realizations and concrete
empirical measurements.

Ultimately, DSR’s task is not to negate OSR, but to cure these blind spots. DSR complements OSR
by supplying the missing ontology of organizational actualization for the macroscopic, non-equilibrium
world.

2.4 Toward an Ontology of Organized Actualization

The philosophical pivot required here is a transition from asking “What is structure?” to asking “How
does structure become a causal actuality?”

To answer this, DSR executes three theoretical upgrades on the structuralist framework: moving from
static geometric invariants to self-maintaining constraint regimes; moving from binary/scalar properties
to typed multidimensional fields; and moving from formal instantiation to generative realization.

DSR is thus positioned not as a mere extension of structuralism, but as the rigorous intersection of
structural realism, process metaphysics, and the biological theory of organizational closure. It recognizes
that in the organized world, structure and process are mutually co-constitutive realities.

3 The Ontological Architecture of DSR

3.1 Formal Ontology and Type Discipline

To avoid the profound category errors that plague both substantivalist metaphysics and naive struc-
turalisms, DSR establishes a strict type discipline. To rigorously separate ontology from epistemology,
Figure 2 establishes the three-level formal architecture of the DSR framework.
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Ontological Layer

Trans-domain grammar: Psem = Lstruct * Vsem

realized via Fp

A

Formal Realization Layer

Domain-specific mathematics: tensor fields, sheaves, categorical composition

Empirical Projection Layer

Scalar metrics: iy, vy, Ky under p o ¢

Figure 2: The Three-Level Architecture of DSR. The framework explicitly separates the universal
ontological grammar (top) from domain-specific mathematical realizations (middle) and low-dimensional
empirical measurement projections (bottom).

An organized system is not merely a set of nodes and edges. Formally, it must be defined relative to a
specific domain D as a system Xp, characterized by its boundaries, a space of possible states, allowable
transformations, and an ongoing exchange with its environment.

Within this domain, the Substrate (M) designates the physical, computational, or institutional medium
that provides the realization conditions for the system. The substrate is not an illusion or a mere
metaphysical placeholder; it is a strict necessity for empirical realization. However, the substrate alone
lacks the explanatory power to define the systemic boundaries or the organizational continuity of Xp.

The Constraint Field (/) is the multidimensional organizational architecture that acts upon the
system’s possible trajectories. It encompasses causal closure, hierarchical depth, and counterfactual
stability. In specific formal realizations, Iy might be modeled as a constraint operator, a tensor field, a
categorical sheaf, or a state-space manifold. However, the ontological reality of the constraint field is not
strictly identical to any single mathematical representation; it is the objective pruning of the system’s
phase space.

The Generative Flow (vg.p,) is the system’s directed state-transition stream that produces consequential
differences within the possibility space. This flow is intrinsically directed, history-dependent, and scale-
relative. It cannot be reduced to a generic scalar clock rate or raw computational throughput (such as
FLOPs), because the flow must be contextually and semantically integrated within the domain’s specific
operative logic.

The Actualized Organizational Power (P.,) is the emergent capacity of the system to maintain its
boundaries, preserve its identity, execute directed causal work, generate consistent semantic differences,
and reorganize itself under environmental perturbations. It is the reality of the organized system as a
persisting entity.

These elements are bound by the generative coupling operator (x). The expression Psemy = truct * Vsem
signifies that the constraint field takes the generative flow as its operative material, while the flow takes

the constraint field as its guiding topology. This is not an ordinary scalar multiplication, but a typed,
non-commutative generative operation.

Finally, we introduce the Measurement Projection (1ip o ;). Because the ontological terms (/siruct, Vsem, Poem)
are high-dimensional, any empirical observation of them requires a measurement mapping relative to a do-
main D, an observational framework O, and a temporal/coarse-graining scale 7. Thus, a single ontological
constraint field can legitimately yield multiple non-equivalent empirical metrics (e.g., ip.0,c = M (Lsiruct))
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none of which exhaust the ontological object itself.

3.2 The Four Core Theses

With this type discipline established, DSR advances four foundational metaphysical theses:

Thesis 1: Constitutive Priority of Relational Constraint. The identity, boundary conditions, and
causal powers of an organized system are constitutively grounded in its constraint field (/yct), not in the
micro-identities of its substrate (M). This priority is constitutive and organizational, which acknowledges
that while the substrate is necessary for realization, it is the constraint field that orchestrates the substrate
into a unified causal entity.

Thesis 2: Multidimensional Structural Intensity. Structure is not a binary switch, nor is it a simple
linear gradient from O to 1. Iy 1s @ multidimensional topological regime. Systems exhibit variations
across multiple axes—such as degree of closure, internal plasticity, structural redundancy, and rigidity.
Consequently, two complex systems might exist in a partial order where their structural intensities cannot
be simply ranked by a single scalar value.

Thesis 3: Processual Realization. Concrete physical structures are not static Platonic forms existing
independently of time. Structure is not “maintained” by process as if process were an external service
applied to an already-existing object. Rather, structure achieves its actuality only in and through the
operation of the process. Maintenance is not something that happens to a structure; it is the structure’s
very mode of existence.

Thesis 4: Generative Coupling. Actualized organizational power (Pn) is the emergent state of
mutual realization between the constraint field and the generative flow. It is not an additive sum of two
independent properties, nor is it merely the ordinary arithmetic product of two quantities. The actuality
of the system fundamentally consists of this non-separable typed coupling.

3.3 Identity Across Substrate Change

How does an organized entity maintain its identity when its material or computational substrate is
entirely replaced?

First, systemic identity cannot be defined by micro-compositional equivalence; the material substrate
(M) is continuously in flux. Second, identity cannot be reduced to an abstract, formal mathematical
isomorphism, because instantaneous structural snapshots lack the temporal and causal history necessary
to define a concrete physical system.

Under DSR, diachronic identity is defined as the continuous preservation of critical constraints,
regenerative relations, and viable trajectories under admissible transformations. A system S(t1) and S(t,)
share organizational identity if and only if their constraint fields remain equivalent under the system’s
internally admissible regenerative transformations, despite the turnover of the underlying substrate.

3.4 Coupled Dynamics

To capture the reciprocal nature of this ontology, we must formalize the coupled dynamics of structure
and process.

First, the constraint field (/yct) acts on the generative flow (v ) by restricting its degrees of freedom,
selecting viable state trajectories, and directing causal energy. Second, the generative flow (Vgem)
reciprocally acts on the constraint field by continuously realizing, repairing, and re-instantiating the
topological boundaries against thermodynamic decay. Third, the external environment (E) continuously
perturbs this coupling, injecting noise or extracting energy, forcing the system to actively readjust its
internal coordination.
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Finally, organizational collapse is not merely a localized structural parameter dropping below a
threshold; it is the catastrophic decoupling of this dynamic closure. We represent this formal architecture—
not as a uniquely solved set of equations, but as a generic coupled system:

Piem = Lsiruct * Vsem

DIyt = cI)(Istructa Vsem, E )
Diveem = lP(IstructavsemaE)

This architectural schema illustrates that the evolution of the constraint field and the generative flow
are mutually interdependent and environmentally situated. Figure 3 visualizes this coupled dynamical
system, illustrating how constraint closure and processual regeneration form a feedback loop against

environmental perturbations.

Prunes / Directs

//,,,,,\\~

Constraint Field [ Memory / | Generative Flow
(Ustruct) \ History (Vsem)

/N

Figure 3: Reciprocal Constraint-Realization Closure. Structure and process do not merely coexist;
they actively sustain one another. The constraint field guides the flow, while the generative flow repairs
the constraints against environmental noise (red arrows: environmental perturbation E).

4 The Logic of Generative Coupling

4.1 Why x* Is Not Addition and Not Ordinary Multiplication

A critical question confronts our core formulation: Why employ the coupling operator (x) rather than
classical addition or ordinary scalar multiplication?

First, (%) is a primitive, typed operation. While the asterisk possesses a compressive, propagative
power in mathematical notation, it is a category error to read it automatically as ordinary arithmetic
multiplication of real numbers.

The relationship cannot be additive (P,qq = I +v) because such a schema treats structure and process as
substitutable inputs of the same ontological type. In Dynamic Structural Realism a constraint field and a
generative flow belong to fundamentally different categories. They do not sit side-by-side to be summed;
they interpenetrate to constitute a new emergent type—actualized organizational power. Consequently
they exhibit mutual necessity: a constraint field without a generative flow remains a latent, unactualized
possibility; a generative flow without structural constraint remains unorganized variation. The concept
of “zero” here does not mean a scalar value of 0.0, but the total absence of a necessary constitutive
dimension.

Ordinary scalar multiplication can appear only as the image of the generative coupling under a specific
measurement projection Up o and under the additional constraint that total organizational capacity is
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bounded. In that restricted frame the projected quantities obey the exact conservation
i“ . V‘u — KIJ' .
Differentiating yields the exact relative trade-off

dvp __diu

vu g m
This scalar relation is therefore neither an approximation nor a competitor to the ontological coupling (x);
it is simply the shadow cast by the projection functor. Treating the ontological relation itself as ordinary
arithmetic multiplication remains a category error.

4.2 A Multidimensional Regime Topology

Because Iyt and vger are multidimensional, the behavioral regimes of organized systems cannot be
plotted on a simple two-dimensional Cartesian plane. Instead we must conceptualize a low-dimensional
projection of the DSR regime topology. As depicted in Figure 4, the operational regimes of organized
systems inhabit a multidimensional space, of which our scalar metrics are merely a two-dimensional
cross-sectional slice.

Structural Intensity (i)

Ojver-constraint

(Locked Zone)
RO
o
Nl
N

Under-constraint
(Noise Zone)

Processual Velocity (vy,)

Figure 4: A Low-Dimensional Projection of the DSR Regime Topology. The true DSR relationship
is high-dimensional. Plotting structural intensity against processual velocity on a 2D Cartesian plane
represents merely a specific, coarse-grained slice of the broader viable manifold.

In this topology regimes are not discrete points but high-dimensional viable domains. High structural
intensity does not strictly equate to crystalline rigidity; many highly adaptive biological organizations
exist in dynamic corridors that balance tight causal closure with requisite topological plasticity. Likewise,
extreme high-speed processual activity does not guarantee high semantic actualization; without adequate
structural gating it may simply generate catastrophic thermal or informational noise.

Organizational collapse within this topology is equally multidimensional. A system can fail through
under-constraint (the flow escapes the viable manifold), over-constraint (rigid locking chokes off regener-
ative flow), scale mismatch, feedback delay, or cross-level rupture.

4.3 Conditional Invariants and Projection-Relative Conservation

Under a fixed observational frame Up o (domain D, observational scheme O, coarse-graining scale
7) and within a regime in which the total organizational capacity of the system is bounded, the low-
dimensional empirical projections of the generative coupling obey an exact conservation relation:

where
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* iy = U(Jsruct) is the projected structural intensity,
* vu = U(Vsem) is the projected generative velocity,

* Kj = 1(Pem) is the capacity constant of that specific measurement frame.

This equality is not an approximation of the higher-dimensional ontological relation Psepy = Istruct * Vsem-
It is the precise image of the conservation law after the projection functor pt has been applied. The typed
generative coupling () remains the fundamental relation; ordinary scalar multiplication appears only as
the shadow cast by ¢ under capacity constraint.

Differentiating the projected conservation with respect to the system’s internal time immediately yields

the exact relative trade-off within that frame:

dvy _ _dig

Vu iu
Thus a measured drop in projected structural intensity forces a compensatory surge in projected generative
velocity, exactly as required to keep K;; invariant. Phenomena such as structural collapse radiation,
institutional volatility, or semantic heat death in learning systems are empirical manifestations of this
projected conservation, not evidence that the ontological coupling itself is approximate.

4.4 Status of the Master Relation

We conclude the formal articulation of DSR by clarifying the exact epistemological status of the
master relation Peem = Tstruct * Vsem-

It is best defined as a trans-domain ontological grammar with domain-specific formal realizations and
empirically testable projections.

First, it is not a fundamental empirical law of physics akin to the conservation of mass-energy. It does
not dictate the fundamental forces of nature. Second, it is not a mere rhetorical metaphor. It specifies
exact constituent types, formal compositional relations, asymmetrical dependencies, and theoretical
failure conditions.

Its scientific validity and empirical risk rest on whether its domain-specific projections can yield more
precise explanations, diagnostics, and falsifiable predictions—particularly regarding structural collapse—
than competing frameworks. In particular, when a measurement projection is taken under bounded
capacity, the projected scalars satisfy the exact conservation iy - v, = Kj,. This projected conservation is
testable; the ontological coupling (x) itself is not directly numerical.

In Section 6 we put this grammar to the test by projecting it onto the empirical domain of artificial
learning systems.

S Philosophical Defenses and the Projection Principle

5.1 Newman’s Objection

Any structuralist ontology must address the classic critique formulated by Max Newman (1928) against
Russell. Newman argued that if a theory specifies only an abstract, formal relational structure (a set of
objects and relations), that structure is trivially realized by any concrete domain of objects provided it
possesses the correct cardinality. If structure is defined purely extensionally, structural realism threatens
to collapse into a trivial assertion about the number of entities in the world.

DSR evades the Newman objection by asserting that the structures of organized systems are not
arbitrary extensional sets, but causal-modal constraint fields. A constraint field under DSR possesses
non-arbitrary realization criteria: it must actively limit allowable state trajectories, support counterfactual

11
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dependencies, resist thermodynamic and environmental perturbations, and incur a measurable cost for its
physical or computational realization.

Crucially, structural content in DSR is defined primarily by prohibition and selection. An abstract
Newman relation simply connects elements; a DSR constraint field actively suppresses degrees of freedom
and prunes the phase space. This suppression cannot be generated ex nihilo by post hoc set-theoretic
relabeling; it requires an operational mechanism of constraint closure.

Furthermore, a true DSR constraint field possesses a generative history. If we were to construct an
arbitrary mathematical relation over a set of particles that happens to be instantaneously isomorphic to
a living cell’s metabolic network, this artificial relation would fail the DSR criteria. Two structurally
isomorphic networks represent different DSR structures if they rely on fundamentally different historical
formation pathways, maintenance mechanisms, and critical decoherence thresholds.

DSR does not claim to permanently end Newman’s objection for all forms of mathematical logic.
Instead, it successfully shifts the realist commitment away from extensional isomorphism and toward
modal, causal, and diachronic constraint regimes, where triviality no longer applies.

5.2 Ontic Reality Without Naive Observer Independence

A skeptical physicalist might object that while processual flow corresponds to objective dynamical
transitions, the measurement of “structural constraints” relies on boundaries, coarse-graining, and
measurement scales selected by an observer. If structure depends on observation scales, is it genuinely
ontic?

We must acknowledge that structural metrics are scale-dependent, but scale-dependence does not
equal arbitrary subjectivity. We resolve this through a strict separation of ontology and epistemology: the
constraint field (Zyyct) is the objective, mind-independent causal organization of the system, whereas any
specific structural density value or calculated index is merely the observer’s epistemological projection of
that field.

To establish the ontic reality of the constraint field, DSR adopts criteria beyond mere “predictive
utility” (which might be purely instrumental). A constraint field is ontologically real if and only if it
exhibits: (1) intervention differences (disrupting the constraint alters systemic macroscopic behavior); (2)
counterfactual stability (the structure objectively supports “what-if”” inferences); (3) cross-description
compression (it captures causal pathways irreducible to micro-state enumerations); and (4) independent
measurement convergence.

Finally, we must distinguish organizational constraint from raw statistical noise. While a sequence
of pure random noise may contain maximum Shannon entropy under a specific probability distribution,
it possesses zero organizational constraint in the DSR framework. The constraint field measures self-
maintenance, causal closure, and the capacity to generate consequential significance—features entirely
absent in unstructured noise.

5.3 Why This Coupling Operation?

A final theoretical objection concerns the mathematical formulation Psep = Istruct * Vsem- Why should
the philosophy of science endorse this specific coupling operator rather than another functional form?

First, we must emphasize that the coupling operator () is not a fixed bilinear algebraic function
universally applicable across all domains. The mathematical form of the operator must respect the
physical or computational nature of the domain in question.

Instead, the operator (x) expresses a typed philosophical syntax: co-constitution, non-separability,
and recursive realization. It mandates that organizational power cannot be generated by process without
structure, nor by structure without process.
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The projected scalar product i, - v, = K, under a fixed measurement frame and bounded capacity
is the precise image of the generative coupling after the projection functor u has been applied. It is
valid only as an empirical conservation relation within that specific observational frame; it is never an
approximation of the higher-dimensional ontological relation Py = Lstruct * Vsem-

In rigorous formal implementations, different domains will realize this coupling differently: in quantum
mechanics, it may be realized via tensor products and operator actions; in network biology, via cyclic
directed graphs and contraction mappings; in category theory, via categorical composition and functorial
mappings.

However, all these diverse mathematical realizations must preserve the core DSR relational constraint:
they must mathematically encode the asymmetric but reciprocal requirement where the structural field
gates the dynamic flow, and the dynamic flow continually re-instantiates the structural field.

5.4 The Projection Principle

To guard against the risks of dimensionality reduction, DSR relies on the Projection Principle. The
principle states that no single empirical quantity, metric, or statistical index can ever be fully identical to

Lstructs Vsems OF Peem.

Because the ontological terms are high-dimensional fields and flows, we can only access them through
multiple, distinct measurement functors (Up o 7). Different functors will capture different cross-sections
of the structure. One projection might measure topological closure; another might measure informational
redundancy; a third might measure intervention stability.

Consequently, empirical validation in DSR requires convergent evidence. Only when multiple,
mathematically independent projections exhibit a consistent directional shift (e.g., all indicating an
erosion of constraints) do we have strong epistemological justification to infer that the underlying
ontological constraint field (/yc) is undergoing substantive deformation or collapse.

5.5 Functorial Universality Across Domains

DSR asserts that its ontology is universally applicable across organized existence, but this universality
is strictly functorial, not reductive. We formally introduce the domain realization functor Fp, which maps
the ontological grammar into specific scientific domains: Fp(Iv) = Fp(I) *p Fp(v).

Universality here requires that the compositional relation—the generative coupling syntax—is pre-
served after mapping, not that the variables share the same dimensional units or material properties.

For instance, in physics, Fj;,s might map to gauge symmetries and wavefunction phase evolution;
in biology, Fj;, maps to metabolic constraint closure and enzymatic catalysis; in cognition, F.,, maps
to predictive causal models and action-perception cycles; in artificial learning systems, F4; maps to
topological representation networks and forward-backward computational passes; and in institutional
sociology, Fy,. maps to constitutional meta-rules and procedural execution. The relational syntax remains
invariant, uniting these sciences under a single paradigm of organized actualization. (See Figure 5 for
a visualization of how the DSR domain realization functor Fp projects the universal grammar across
divergent scientific scales.)
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Psem = Isgruct * Vsem

(universal ontological grammar)

Physics Biology Cognition Al Civilization
thys Fbio F cog Far Fyoc

Figure 5: Functorial Realizations Across Domains. DSR provides a cross-scale unity without crude
reductionism. The universal generative coupling grammar is mapped into domain-specific realizations via
the functor Fp, preserving relational form while adapting to different physical and institutional substrates.

6 Learning Systems as an Intervention Laboratory

6.1 Why Learning Systems Are Useful but Not Fully Transparent

One of the chronic vulnerabilities of traditional metaphysics is its insulation from empirical falsifiability.
DSR addresses this by adopting modern artificial learning systems (e.g., deep neural networks, large
generative models) as an epistemic intervention laboratory. These systems offer unique methodological
advantages: they allow for repeatable experiments, architecture-level interventions, and precise recording
of state transitions up to catastrophic failure.

However, we must strictly define the limits of this transparency. While every parameter weight
and activation vector is technically readable in memory, readability does not equate to interpretability.
Observing a billion-dimensional latent space does not render the system’s causal constraints transparent.

Furthermore, the operative variables in learning systems cannot be easily isolated. Metrics such as
FLOPs, inference depth, and token emission rates simultaneously affect both structural representations
and processual throughput. Therefore, manipulating “compute” is not a pure, isolated manipulation of
Vsem-

The true scientific value of Al for DSR is not that it provides a one-time “proof” of our philosophy.
Rather, Al provides a highly controlled, scalable approximation environment where we can operationalize
different projections of structure and process, track their trajectories, and test falsifiable hypotheses
regarding organizational collapse.

6.2 Scaling as a Possible Structure-Process Mismatch

Contemporary Al research is largely guided by the Empirical Scaling Hypothesis, which observes that
cross-entropy loss and specific functional capabilities predictably improve as functions of parameter scale,
dataset size, and training compute. We acknowledge that scaling laws are well-documented empirical
phenomena that genuinely improve associative capabilities.

The critical question posed by DSR is: Does performance scale primarily due to raw capacity and
processual speed (vser, €Xpansion), or is it accompanied by the emergence of new, robust internal constraint
closures (Isruct)? And crucially, at what tasks or thresholds do these two dimensions decouple?

To analyze this, we must refine our projection of process. External metrics like “tokens generated per
second” represent raw computational speed, but true generative flow (v ) must measure the system’s
capability to execute valid state transitions while preserving global context and causal constraints.

When processual throughput is scaled aggressively without corresponding architectural constraints,
DSR predicts specific breakdown modes. We reinterpret Al “hallucination”—the generation of fluent,
highly probable, yet factually or logically incoherent outputs—not as a localized bug, but as a candidate

14
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phenomenon for cross-level constraint mismatch. Hallucination occurs when the generative flow outpaces
the topological boundaries of the system’s latent constraint field.

This provides a falsifiable prediction: If two models possess similar parameter scales and computational
throughput, but one is architecturally modified to exhibit a higher structural projection (e.g., explicit causal
graphs or cyclic consistency), the highly structured model should demonstrate significantly superior long-
range logical consistency, out-of-distribution (OOD) generalization, and error recovery. If the structural
projections add no predictive or explanatory power regarding systemic failure, the DSR framework is
weakened.

6.3 Operational Projections of Structural Organization

To operationalize Iy in this laboratory, we identify four mathematical methodologies. Crucially,
these are not Iy itself, but measurement functors that yield low-dimensional scalar projections (ix).

1. Topological Data Analysis (TDA): Persistent homology tracks topological loops and voids in
activation manifolds. We do not naively equate every topological cycle to a discrete semantic concept.
Instead, we project structural stability by measuring how these topological features persist under task
invariants and adversarial interventions.

2. Effective Representation Rank: The effective rank (or intrinsic dimensionality) of latent spaces
captures representation spectrums. However, low rank can indicate either elegant causal compression or
catastrophic mode collapse, while high rank can indicate either representational richness or unstructured
noise. This metric must therefore be coupled with task performance and perturbation analyses.

3. Causal Intervention Fidelity (i.,us,1): By formally defining an intervention distribution, a distance
function, and a reference causal graph (following Pearl’s do-calculus), we can measure a model’s
invariance under counterfactual interventions. icausa1 provides a direct projection of the system’s constraint
robustness against domain shifts.

4. Closed-Loop Verification: We must distinguish between external tool-use (e.g., calling a calculator)
and true internal causal self-correction. By measuring the system’s internal contradiction detection rate,
correction success rate, and post-correction global consistency, we project the strength of its recursive
constraint closure.

Because these metrics capture different cross-sections of the constraint field, they cannot be me-
chanically summed. DSR proposes using multi-view latent models, Pareto fronts, or partial ordering to
evaluate the convergent validity of these structural projections. Table 1 summarizes these four measure-
ment functors, delineating the specific structural dimensions they capture and their inherent epistemic
limitations.

Table 1: Empirical Projections of Structural Organization in Learning Systems.

Measurement Func- Captured Dimension  Limitations / Blind Spots Validation Method
tor

Topological Data Stability of higher- Does not distinguish semanti- Measure persistence of Betti
Analysis (TDA) dimensional topolog- cally meaningful cycles from numbers under controlled
(Persistent Homol- ical features (loops, spurious noise; sensitive to adversarial or structure-

ogy) voids, connected distance metric and scale pa- preserving  perturbations;
components) in ac- rameters; high computational check correlation  with
tivation manifolds cost for large latent spaces. long-range consistency.
under  task-invariant
transformations.
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Measurement Func-
tor

Captured Dimension

Limitations / Blind Spots

Validation Method

Effective Represen-
tation Rank

Causal Interven-
tion Fidelity (icuusal)

Closed-Loop Verifi-
cation

Intrinsic dimensional-
ity / spectral richness
of latent representations
(compression vs. redun-
dancy).

Robustness of internal
causal constraints un-
der counterfactual (do-
operator) interventions.

Strength of recursive
self-correction and in-
ternal constraint closure
(contradiction detection

Low rank may indicate ele-
gant causal compression or
mode collapse; high rank
may indicate richness or un-
structured noise; requires
coupling with task perfor-
mance.

Depends on the quality of
the assumed reference causal
graph; may miss higher-
order or cyclic dependencies;
computationally intensive for
deep models.

External tool-use can inflate
scores without true internal
closure; may fail to cap-
ture global topological con-
sistency across long contexts.

Track effective rank across
training and under structural
interventions; correlate with
OOD generalization and con-
tradiction rate.

Apply  Pearl-style  do-
interventions on controlled
causal graphs;  measure
invariance of downstream
predictions  and  error-
recovery rate.

Quantify internal contradic-
tion detection rate, successful
self-correction rate, and post-
correction global consistency
within single trajectories.

+ autonomous repair).

6.4 A Concrete Falsifiable Experimental Programme

To transition DSR from theoretical diagnosis to active science, we propose a concrete experimental
programme:

First, researchers select a standard autoregressive base model. We apply independent architectural
interventions designed to explicitly increase structural density: causal graph regularization, cyclic
verification feedback loops, topological persistence penalties, and persistent memory architectures.

Second, we systematically manipulate the processual intensity (e.g., by increasing the token emission
rate, extending the reasoning horizon, or scaling up noise in the hidden states) while rigorously controlling
for parameter scale, training data distribution, and inference compute budgets.

Third, we measure the models’ performance on long-range logical consistency tasks, OOD generaliza-
tion benchmarks, counterfactual reasoning fidelity, and autonomous error recovery, alongside the four
structural projections outlined in Section 6.3.

Fourth, we compare the empirical results against four hypothetical models: an additive baseline
(P =1+v), an ordinary multiplicative baseline (P = I - v), the DSR operator-coupling schema (P = I xv),
and a structure-less associative baseline.

The criteria for falsification are explicit: The results support DSR if the onset of catastrophic hallucina-
tion correlates non-linearly with the divergence of the structural projections, and if models with explicit
constraint closure maintain Py, significantly deeper into high-throughput regimes. The results weaken or
fail to distinguish DSR if structural regularization degrades performance, or if the variance in failure rates
is fully explained by raw computational scale without recourse to relational constraint metrics.

To ensure strict Popperian falsifiability, Table 2 establishes the predetermined criteria by which
empirical results will support, weaken, or fail to distinguish the DSR hypothesis.
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Table 2: Falsification Matrix for the DSR Intervention Programme.

Experimental Outcome

Impact on DSR
Theory

Interpretation

Models with higher structural pro-
jections (i) maintain significantly
higher long-range consistency, OOD
generalization, and error-recovery
rates deeper into high-throughput
regimes; the measured product iy, - v
remains invariant (K, conserved); in-
dependent structural metrics move to-
gether under interventions.
Catastrophic hallucination onset cor-
relates more strongly with divergence
of structural projections than with raw
parameter count or FLOPs; relative
trade-off % = —% is observed un-
der capacity constraint.

Structural interventions (causal regu-
larization, cyclic consistency, topolog-
ical penalties, persistent registers) pro-
duce no measurable performance gain
beyond what is explained by compute
alone; projected product iy, - v, fails
to remain invariant.

Independent structural metrics (TDA
persistence, effective rank, causal fi-
delity, closed-loop verification) decor-
relate under controlled interventions;
no consistent co-movement is de-
tected.

Performance differences are fully ac-
counted for by total inference FLOPs
or parameter count; structural projec-
tions add no unique predictive power
regarding failure modes.

Mixed pattern: some structural inter-
ventions improve consistency while
others degrade it, or conservation
holds only in narrow regimes.

Supports DSR

Supports DSR

Weakens DSR

Weakens DSR

Fails to distin-
guish / Indistin-
guishable

Fails to distin-
guish / Indistin-
guishable

The typed generative coupling and its exact pro-
jected conservation are empirically corroborated.
Structural intensity functions as a distinct, non-
substitutable factor.

Semantic decoherence behaves as predicted by
the projected conservation law, confirming that
unconstrained velocity expansion without struc-
tural grounding produces organizational collapse.

The hypothesized distinct contribution of the con-
straint field is not observed. Velocity (or scale)
appears sufficient; the two-factor grammar loses
explanatory force.

The four measurement functors do not converge
on a single underlying constraint field, undermin-
ing the claim that they are projections of one
coherent yct.

Results are compatible with both DSR and pure
scaling accounts. The experiment lacks discrim-
inatory power; further refined interventions or
metrics are required.

Partial or regime-dependent support. Indicates
that the current operationalizations of i;, remain
incomplete; the ontological claim is neither con-
firmed nor cleanly refuted.

6.4.1 Minimal Viable Experimental Protocol

To translate the abstract experimental programme of Section 6.4 into an immediately executable
research protocol, we supply the following Minimal Viable Experimental Protocol (MVEP). The protocol
is deliberately low-resource, reproducible on a single modern GPU cluster, and designed so that any
laboratory already working with open-source language models can obtain first results within one to two
weeks. Its purpose is not to provide a definitive proof of Dynamic Structural Realism, but to generate
the first controlled empirical projections of the typed generative coupling Piem = Lstruct * Vsem and to test
the exact projected conservation iy, - v, = K, under systematic decoupling of constraint intensity and

processual throughput.
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6.4.1.1 Step 1. Base Model Selection and Controls. Select a publicly available autoregressive
language model of moderate scale (recommended starting points: Llama-3-8B, Pythia-6.9B, or Mistral-
7B). All subsequent comparisons must hold the following variables fixed: total parameter count, pre-
training data distribution (or continued pre-training mixture), tokenizer, and maximum inference compute
budget measured in FLOPs. This isolates the effects of structural interventions from raw scale and keeps
the projected capacity K, comparable across conditions.

6.4.1.2 Step 2. Structural Interventions (raising projected /). Apply one or more of the follow-
ing independent architectural or training interventions, each intended to increase a distinct projection
of the constraint field. The interventions are modular and may be combined. Concise, reproducible
pseudocode skeletons are provided for each.

# 2.1 Causal-graph regularization

# Encourages sparse, learnable causal structure over latent states

# o oo _______

def causal_graph_regularization(model, latent_batch, lambda_causal=0.1):
nnn
latent_batch: [batch, seq, dim] hidden states
Returns auxiliary loss that penalizes violations of a soft DAG
nnn
A = model.causal_head(latent_batch) # [dim, dim]
h_A = torch.trace(torch.matrix_exp(A * A)) - A.shapel[0] # acyclicity
intervened = soft_do_operator(latent_batch, A)
pred_loss = F.mse_loss(model.predict(intervened), latent_batch)
return lambda_causal * (pred_loss + h_A)

S
# 2.2 Cyclic consistency loops
# Forces self-consistency via lightweight verifier heads

def cyclic_consistency_loss(model, input_ids, num_cycles=2, temperature=0.7):
logits_1 = model(input_ids)
intermediate = sample(logits_1, temperature=temperature)
logits_2 = model(torch.cat([input_ids, intermediate], dim=1))
consistency = F.kl_div(
F.log_softmax(logits_2[:, -1], dim=-1),
F.softmax(logits_1[:, -1], dim=-1),
reduction=’batchmean’
)
contradiction_score = model.verifier_head(intermediate, logits_2)
return consistency + contradiction_score

# 2.3 Topological persistence penalties
# Encourages stable higher-dimensional features in activation manifolds

def topological_persistence_penalty(activations, max_dim=2, lambda_topo=0.05):
from gudhi import RipsComplex
total_persistence = 0.0
for act in activations:
points = act.detach().cpu() .numpy ()
rips = RipsComplex(points=points, max_edge_length=2.0)
simplex_tree = rips.create_simplex_tree(max_dimension=max_dim)
diag = simplex_tree.persistence()
total_persistence += sum(
pl[11[1] - p[11[0] for p in diag if p[1]1[1] < np.inf
)

return -lambda_topo * total_persistence # mazimize stable persistence

18
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3 # 2.4 Persistent state registers

# Ezplicit external memory slots that maintain logical commitments

class PersistentStateRegister(nn.Module):
def __init__(self, dim, num_slots=8):
super () .__init__()
self.slots = nn.Parameter(torch.zeros(num_slots, dim))
self.read_head = nn.Linear(dim, num_slots)
self.write_head = nn.Linear(dim + dim, dim)

def forward(self, hidden_state, commit_mask=None) :
attn = F.softmax(self.read_head(hidden_state), dim=-1)
retrieved = torch.einsum(’bs,sd->bd’, attn, self.slots)
if commit_mask is not None:
update = self.write_head(torch.cat([hidden_state, retrieved], dim=-1))
self.slots.data = torch.where(
commit_mask.unsqueeze(-1),
0.9 * self.slots + 0.1 * update.mean(0),
self.slots
)

return retrieved

Each intervention is applied in isolation and in combination, producing a family of models that differ
primarily in projected structural intensity i, while sharing the same base capacity K),. Training proceeds
with the standard next-token objective plus the chosen auxiliary loss (or architectural module) weighted
by a small coefficient A € [0.01,0.2].

6.4.1.3 Step 3. Controlled Manipulation of Processual Throughput (projected vy.,). For every
model (base and intervened), systematically vary generative intensity along three axes while keeping total
inference FLOPs constant:

* Token emission rate (by adjusting decoding temperature and nucleus sampling),
* Reasoning horizon length (by forcing longer chain-of-thought trajectories),

* Hidden-state noise injection (controlled Gaussian noise added to intermediate activations).

This produces a two-dimensional experimental grid of projected structural intensity i, versus projected
generative velocity vy,.

6.4.1.4 Step 4. Measurement Battery. Evaluate every cell of the grid on the following dual set of
metrics:

Performance / Actualization projections (Psem)

* Long-range logical consistency (multi-hop factual chains, 4-8 inference steps),

Out-of-distribution compositional generalization (GSM-Symbolic-style structural re-instantiations),
* Counterfactual intervention fidelity (do-calculus-style queries on controlled causal graphs),

* Autonomous error-recovery rate (percentage of self-detected and corrected contradictions within a
single trajectory).

Structural projections (i)
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» Topological stability: average persistence of Betti numbers under task-preserving perturbations
(TDA),

 Effective representation rank of key latent layers,
* Causal intervention distance (Pearl-style do-operator fidelity),
* Closed-loop verification success rate (internal contradiction detection + correction).

All structural metrics are computed on frozen checkpoints; performance metrics are computed at
inference. From these measurements the projected product iy, - v, is calculated directly and tested for
invariance of K.

6.4.1.5 Step 5. Comparative Baselines and Exact Falsification Criteria. Compare the observed
trajectories against four reference expectations:

1. Additive baseline (P =1+v),
2. Ordinary unrestricted multiplicative baseline (no capacity bound),
3. Structure-less associative baseline (pure next-token scaling without structural interventions),

4. The DSR projected-conservation expectation: under bounded capacity the exact relation iy, - vy = K,
holds, so that any measured drop in i, is compensated by a precisely inverse rise in v,.

The protocol yields support for the DSR grammar if and only if:

(a) models with higher structural projections maintain significantly higher long-range consistency and
OOD performance deeper into high-throughput regimes;

(b) the onset of catastrophic hallucination correlates more strongly with the divergence of the structural
projections than with raw parameter count or FLOPs;

(c) within each fixed-capacity frame the measured product i, - v, remains invariant (exact conservation

of K;;) while the relative trade-off D

diy, .
= ——% is observed;
vIJ l“

(d) the independent structural metrics move together under the interventions of Step 2.

Conversely, the protocol weakens or fails to distinguish DSR if structural interventions produce no
measurable gain beyond what is explained by compute alone, if the projected product iy, - v, fails to
remain invariant under capacity constraint, or if the structural projections decorrelate.

6.4.1.6 Implementation Notes.

* Recommended open-source tooling: Hugging Face Transformers + PEFT for interventions; Gudhi
or giotto-tda for persistent homology; DoWhy or CausalML for intervention fidelity.

* All code, configuration files, and raw metric logs should be released publicly to enable exact
replication.

* A minimal pilot can be completed with 4-6 model variants and 3 levels of processual intensity,
requiring approximately 200-400 GPU-hours on A100-class hardware.

This Minimal Viable Experimental Protocol converts the philosophical claim of Dynamic Structural
Realism into a concrete, community-executable research programme. Its results—whether confirmatory,
partially confirmatory, or falsifying—will constitute the first controlled empirical projections of the typed
generative coupling Iguet * Vsem and of the exact projected conservation iy, - v, = K, in artificial learning
systems, thereby advancing the naturalized metaphysical project beyond pure conceptual analysis.
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6.5 From Compute Scaling to Structural Intelligence

The implications of this experimental programme do not demand the abandonment of compute scaling.
Rather, it demands avoiding a false dichotomy. Compute scaling must be rigorously co-designed with
structural organization scaling.

DSR points toward a paradigm of Structural Intelligence. We define Structural Intelligence not as the
mere capability to mimic statistical surface patterns at high velocity, but as the organizational capacity to
generate, verify, repair, and transfer consequential meaning structures under cross-scale constraints and
environmental perturbations.

The engineering implications suggest prioritizing architectures that enforce invariant causal world mod-
els, deep recursive self-checking, persistent dynamic memory, and hierarchical structural plasticity. While
none of these individually represent the sole, guaranteed path to Artificial General Intelligence (AGI),
DSR formally establishes that AGI cannot emerge from the unconstrained acceleration of processual flow
alone; it requires the principled, generative actualization of the constraint field.

7 Implications for Philosophy of Science

7.1 Beyond the Structure-Process Dualism

For over a century, the philosophy of science has frequently wrestled with the tension between struc-
turalist metaphysics (which prioritizes stable, relational, or mathematical forms) and process philosophy
(which prioritizes continuous, unconstrained flux). While contemporary scholarship has seen valuable
intersections between these camps, they are often still treated as competing fundamental ontologies.

DSR’s unique proposition is that, in the macroscopic organized world, this dualism is a category
error. Structure is not merely the static, residual trace left behind by a process, nor is process merely the
contents that flow inside a rigid structural container. Rather, structure is the sustainable constraint form of
process, and process is the necessary actualization mode of structure.

We upgrade the notion of ‘“‘structure-in-process” to the concept of reciprocal actualization. A
constraint field (/i) and a generative flow (vsep) cannot exist as complete, independent entities prior
to their coupling. A structure that does not constrain a temporal flow is causally inert; a flow that is
not topologically gated by a structure is disorganized dissipation. They bring one another into actuality
simultaneously.

This mutual dependency demands a revised conception of time for organized systems. Under DSR,
the relevant temporal dimension is not an external, universal clock time (Newtonian ¢), but the system’s
internal rhythm. This internal time is constituted by the cadence of recursive updates, memory consolida-
tions, structural repairs, and irreversible state transitions. The generative flow creates the local temporal
horizon within which the constraint field persists.

7.2 Autopoiesis, Organizational Closure, and FEP

In theoretical biology and cognitive science, two foundational frameworks have independently sought
to explain how living systems resist thermodynamic decay: the Autopoietic/Organizational Closure
tradition (Maturana, Varela, Mossio) and the Free Energy Principle (FEP) / Active Inference framework
(Friston, Kirchhoff). We must be precise: these are distinct theoretical paradigms with different epistemic
origins, and they should not be conflated into a single theory.

However, DSR provides a unified ontological grammar where these theories can be understood as
mapping to specific dimensions of organizational actualization. The Autopoietic tradition’s focus on the
“closure of constraints” provides a rigorous biological realization for Ig,.c—a network where constraints
mutually maintain each other. Conversely, Active Inference (the dynamic updating of internal models
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through perception-action loops) provides the processual engine (v¢ern) through which boundaries are
negotiated and maintained.

We explicitly prohibit the naive mathematical reduction that “minimizing variational free energy
equals maximizing Iy Instead, DSR posits that under specific modeling conditions, free energy
minimization is a possible processual realization by which a non-equilibrium system actively maintains
its structural density above a critical decoherence threshold.

This ontological clarification opens new research questions. For example, mathematical formalisms
might show that a given system possesses a Markov blanket (a statistical boundary required by FEP). But
DSR asks: Does this system genuinely possess internal organizational closure, or is the Markov blanket
merely a statistical artifact of the observer’s partitioning? DSR helps distinguish systems with genuine
ontological constraint closure from those merely exhibiting statistical segregation.

7.3 Scientific Progress as Preservation of Constraint Transformations

DSR casts fresh light on the central debate of scientific realism: What, precisely, is preserved
across scientific revolutions? Epistemic Structural Realism traditionally argued for the “preservation
of mathematical equations,” but critics rightly noted that equations undergo radical syntactic revisions
across paradigms.

DSR argues that what scientific progress preserves is not static syntax or superficial equations, but the
underlying constraint organizations connected through formal relations of restriction, mathematical limit,
and topological transformation.

We must distinguish between multi-layer invariants: mathematical symmetries, modal constraints,
causal organizations, approximation limits, and empirically stable structures. When Maxwell’s elec-
trodynamics superseded Fresnel’s wave optics, the luminiferous ether was discarded, but Fresnel’s
mathematical relations were preserved as structural constraint limits derivable from Maxwell’s field equa-
tions under specific boundary conditions. Similarly, Einstein’s General Relativity preserves Newtonian
mechanics not as an absolute truth, but as a low-velocity constraint limit within a newly parameterized
pseudo-Riemannian constraint field.

The realist commitment of DSR is therefore dynamic: The object of scientific realism is the evolving
family of causal-modal constraint relations that exhibit cross-theory transformation stability, rather than
the isolated mathematical syntax of any single historical era.

7.4 Cross-Scale Unity Without Reductionism

A hallmark of a progressive metaphysical framework is its capacity to illuminate disparate ontological
domains through a unified conceptual architecture. DSR achieves this not by asserting that all domains
share the same physical substance or units, but by showing they share a universal generative coupling
grammar.

To formalize this, we propose an expanded taxonomy mapped by domain realization functors, detailing
five dimensions for any organized system: (1) Domain, (2) Constraint Realization (Isyc), (3) Process
Realization (veem), (4) Actualized Capacity (Psem), and (5) Empirical Projections. In Biology, DNA regu-
latory networks (Constraint) couple with metabolic turnover (Process) to yield organismal homeostasis
(Capacity), measurable via survival rates or metabolic efficiency (Projections). In Artificial Al, causal
directed graphs couple with forward-backward passes to yield structural intelligence, measurable via
counterfactual invariance.

Crucially, this cross-scale mapping acknowledges that scale translation often loses information. The
structural constraints of a lower level (e.g., cellular metabolism) do not automatically entail the structural
norms of a higher level (e.g., cognitive reasoning).
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DSR maintains a strict anti-reductionist stance. Its cross-scale unity is a unity of relational form, not a
reduction of life, mind, and civilization to a single fundamental physical equation.

7.5 Civilization as Long-Horizon Structural Memory

Extending this ontological grammar to its furthest scale, DSR provides a lens for analyzing human
civilization as a macro-organizational actualization event. Within this theoretical extrapolation, social
institutions—spanning constitutional law, credit systems, linguistic semantics, and scientific knowledge—
constitute cross-generational constraint fields (Zyyyct)-

The generative process (Vsem) Of civilization is enacted through continuous human practice, legal
interpretation, childhood education, and institutional revision. It is only through the continuous temporal
flow of human cognitive labor that these abstract structural constraints acquire historical reality and causal
power.

Under DSR, civilizational collapse is not simply a biological population drop or an energy shortage.
Catastrophic social collapse occurs when there is a cross-level constraint mismatch: a rupture in struc-
tural memory, a dissolution of mutual normative expectations, or a scenario where hyper-accelerated
technological or financial processes (vs.) completely outpace the regulatory topologies of institutional
trust (Lseruct)-

We explicitly demarcate this application as theoretical extrapolation. While it provides a powerful
heuristic for diagnosing institutional decay, it requires independent empirical validation from the historical
and social sciences, and philosophical analogy cannot substitute for rigorous sociological evidence.

8 Conclusion: A Research Programme for Organized Actualization

8.1 Core Contributions

This paper has argued for a fundamental reorientation in the metaphysics of science. Rather than
concluding with a series of disparate claims, we summarize the core contributions of Dynamic Structural
Realism as follows:

First, on the level of ontology, DSR establishes that organized existence is not a static property
but a continuous, dynamic event—the reciprocal actualization between structural fields and generative
processes.

Second, regarding the concept of structure, DSR demonstrates that structural intensity is a mul-
tidimensional, causal-modal constraint organization, definitively rejecting binary or simplistic scalar
reductions of relational order.

Third, in its formal architecture, DSR introduces the typed generative coupling operator (Psemy =
Lstruct * Vsem)- We have shown that treating this relationship as an addition or as ordinary scalar multiplica-
tion commits a category error. Ordinary scalar arithmetic appears only as the exact projected conservation
iy vy = K, under a fixed observational frame and bounded capacity.

Fourth, regarding scientific realism, DSR neutralizes Newman’s triviality objection by distinguishing
arbitrary extensional relations from causal, modal, and diachronically maintained constraint regimes,
offering a uniquely robust defense of structural realism.

Fifth, methodologically, DSR transcends purely speculative metaphysics by providing a falsifiable
experimental laboratory. Artificial learning systems serve as a domain where the decoupling of constraint
architectures from processual throughput can be empirically projected, measured, and tested.
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8.2 Boundaries and Epistemic Modesty

To ensure that DSR functions as a rigorous contribution to naturalized metaphysics rather than an
overextended theory of everything, we explicitly delineate its epistemic boundaries:

1. DSR does not claim to replace fundamental physics, quantum field theory, or general relativity.
It operates as an organizational metaphysics designed to explain non-fundamental, adaptive, and
complex systems.

2. DSR does not claim that a single set of scalar metrics can be directly compared across different
domains. The structural density of a neural network and the structural density of a legal system
share a relational syntax, but they cannot be ranked on the same numerical axis.

3. DSR does not assert that the contemporary failures of large language models have already “proven”
our core formula. Rather, these failures provide candidate phenomena that motivate our falsifiable
hypotheses.

4. The universality of DSR is the universality of compositional relations. Concrete scientific realiza-
tions of this framework must always submit to the rigorous evidentiary constraints of their specific
domains.

8.3 Forward Research Programme

In the spirit of a Lakatosian progressive research programme, Dynamic Structural Realism opens five
distinct trajectories for future investigation:

1. Type-Theoretic and Categorical Formalization: Future theoretical work must rigorously for-
malize DSR’s objects, morphisms, compositional rules, and domain functors using category theory and
higher-order type theory, moving beyond analogical descriptions of constraint fields.

2. Geometric and Dynamical Realization: Researchers in dynamical systems theory can model Iy
via constraint operator fields, viable manifolds, and shifting attractors, formalizing the exact coupled
feedback equations between structure and flow.

3. Measurement Theory for Projections: A dedicated measurement theory must be developed to
establish how multiple, mathematically independent empirical projections (such as TDA, effective rank,
and causal invariance) can statistically converge to infer changes in the underlying ontological constraint
field.

4. Al Intervention Programme: Computer scientists and Al researchers are invited to execute the
controlled experiments proposed in Section 6.4, publishing the data, code, and training dynamics to
directly test the falsification criteria regarding structural collapse.

5. Cross-Domain Comparison: Philosophers of the special sciences must construct precise domain
realization models for life (biology), cognition (neuroscience), ecology, and institutions (sociology), in
order to extract and compare the relational invariants that govern actualization across scales.

8.4 Final Concluding Remark

Organized reality persists neither because matter remains unchanged nor because process merely
continues, but because a field of constraints and a generative flow recursively bring one another into
actuality. Dynamic Structural Realism names this reciprocal achievement of existence.

Piem = Lstruct * Vsem
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* denotes typed generative coupling, not ordinary scalar multiplication.

Under projection and capacity constraint the exact scalar conservation iy, - v, = K, holds.

9 Terminology Mapping Table

To prevent category errors and ensure strict adherence to the formal type discipline of Dynamic
Structural Realism (DSR), Table 3 provides a comprehensive mapping of the core ontological terms, their
formal roles, and their corresponding domain-specific projections.

Table 3: Types, Roles, and Empirical Projections of Core DSR Terminology.

DSR Ontological Formal Type / Cat- Role in DSR Archi- Examples of Domain-Specific

Symbol Term egory tecture Realization / Projection

Litruct Constraint Multidimensional Prunes the state space; Biology: Metabolic network
Field Topological provides modal bound- closure. AI: Causal directed

Regime (e.g., aries, causal closure, acyclic graphs (DAGs). Mea-
Tensor field, Sheaf, and counterfactual sta- surement: Effective rank, Per-
Directed Graph) bility. sistent Betti numbers.

Vsem Generative Directed state- Realizes, maintains, Biology: Enzymatic catalytic

Flow transition sequence and repairs the con- turnover rate. AIl: Forward-
(flow on a manifold, straint field; gener- backward computational passes.
functorial mapping) ates consequential dif- Measurement: Task-effective

ferences. throughput.

Psem Actualized Or- Emergent / Actual- The systemic ability to  Biology: Homeostatic survival.
ganizational ized State (Capac- persist, execute causal AI: Out-of-distribution (OOD)
Power ity) work, and resist envi- generalization and logical con-

ronmental dissipation.  sistency.

* Generative Typed compo- Expresses the recipro- Math: Operator action on a
Coupling sition/coupling cal actualization (co- state space, Tensor product,
Operator operation  (Non- constitution) between Categorical composition. (Not

commutative, structure and process.  ordinary multiplication).
non-scalar)

UD.0.t Measurement  Measurement Func- Translates high- Persistent homology (TDA),
Projection tor / Observation dimensional onto- Pearl’s do-calculus intervention

Mapping logical fields into distance, Von Neumann entropy
low-dimensional of latent activations.
observable scalar
metrics.

Fp Domain Real- Structure- Maps the universal Fp;,: Maps DSR to autopoiesis.
ization Func- preserving Map- DSR grammatical re- F4;: Maps DSR to deep learn-
tor ping (Functor) lation to specific phys- ing causal architectures.

ical, biological, or so-
cial domains.

p = iy - Projected Con- Exact equality of Provides the ob- —

vy =K,  servation projected scalars servable  trade-off
under a fixed mea- % = —iﬂ within

surement frame th‘;lt frame. .

u and bounded
capacity
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