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Abstract

This essay integrates Nova Spivack's recent proposals on Self-Defining Systems (SDS) and
Loop Cosmogenesis with my long-running program on topological foundations (Mobius/Klein
structures), self-describing architectures (KAYS-3), and emergence across cognitive,
organizational, and physical domains. I adopt and formalize several of Spivack's primitives —
Self-Definition (S = L(S)), Transputation (rule-rewriting by the system), and Dissonance
Minimization (DM)—and fuse them with my geometric priors (closed loops, boundary
operations, Klein bottle) and implementation work (simulators, organizational tooling). The
result is a unified framework, Self-Defining Topological Systems (SDTS), with rigorous
axioms, operators, testable predictions, and connections to contemporary work in category
theory, quantum information, and systems biology. This synthesis demonstrates that self-
reference and topology are not merely metaphorical tools but foundational structures capable
of grounding physics, cognition, and organization within a single coherent framework.

1. Background, Motivation, and Historical Context

1.1 The Long Arc: Self-Reference and Topology (2007-2025)

My research since 2007 has pursued a central conjecture: that the deepest structures
organizing reality —from physics to mind to social order —are fundamentally topological and
self-referential. This conviction emerged from three intersecting traditions:

Geometric Algebra and Clifford Structure (Hestenes, Lounesto): The insight that geometric
multiplication encodes rotations, reflections, and intrinsic duality in a unified algebraic form,
bypassing the need for external coordinate systems.

Topological Metaphor in Cognitive Science (Varela, Thompson, Rosch on
neurophenomenology): The recognition that living systems maintain identity through
autonomous, operationally closed loops —what Maturana and Varela called "autopoiesis"
(self-production).

Category-Theoretic Foundations (MacLane, Lawvere, Baez & Stay): The observation that
universal properties and natural transformations capture essential relationships more deeply
than point-set topology alone; categories themselves are the language of relationships, not
objects.



These threads converged in my articulation of Mobius and Klein bottle structures as primitive
closure operators. The Mobius band, with its single-sided topology and intrinsic twist, became
a model for identity-in-difference; the Klein bottle, as a closed surface with no orientable
boundary, a model for self-containment and recursive reference.

By 2008-2012, I had developed a family of conceptual tools:

Mbobius mirroring: Representations that fold back into their generator, yielding
reflexive control.

*  Boundary operations: The mathematics of splitting (d) and merging (©) surfaces,
creating topological degrees of freedom.

*  Fractality: Self-similar structure across scales, exemplified in the KAYS-3 architecture
(Konstapel 2017+).

The 2025 KAYS-3 formulation refined this into a testable simulation framework for universal
emergence. However, my prior expositions relied heavily on geometric intuition and
metaphor. Spivack's 2025 corpus supplies the formal lexicon and mechanistic clarity I lacked,
catalyzing the SDTS synthesis presented here.

1.2 The 2025 Inflection: Spivack's Contribution

Nova Spivack's 2025 works — particularly The Self-Defining Universe and Loop Cosmogenesis
—introduce three critical innovations:

1. Formal Self-Definition (S = L(S)): A concise axiom that the system generates its own
description language, closing the loop between ontology and epistemology.

2. Transputation (®): An explicit operator for endogenous rule-rewriting, distinguishing
it from mere computation on a fixed grammar. This directly formalizes learning and
meta-level change.

3. Dissonance Minimization (DM): A global principle selecting coherent resolutions and
stable structures, bridging dynamics with phenomenology (e.g., measurement in
quantum mechanics, consensus in distributed systems).

Spivack grounds these in a Primordial Loop—a one-dimensional, self-referential structure
whose dynamics self-consistently give rise to spacetime, matter-like excitations, and observers.
The elegance lies in deriving particle-like properties (spin, statistics) from pre-geometric loop
topology, avoiding ad-hoc ontologies.

Why This Matters: Spivack's formal clarity transforms my topological metaphors into
testable hypotheses. SDTS fuses his operators (S, L, ®, DM) with my topological generators (t
twist, » self-intersection, d boundary, © concatenation), yielding a unified, implementation-
ready framework.

2. Theoretical Foundations and Broader Context

2.1 Self-Reference in Logic, Philosophy, and Physics



The problem of self-reference —how a system can consistently describe itself —is ancient and
profound. Key landmarks:

Russell's Paradox (1901) showed that naive set theory allows contradictory self-reference (the
set of all sets that do not contain themselves). The formal escape routes—type hierarchies,
axiomatic restrictions —sacrificed elegance.

Godel's Incompleteness Theorems (1931) proved that any sufficiently rich formal system
cannot be both complete and consistent; self-reference via the Géodel numbering trick
demonstrated that any system strong enough to express its own properties must contain
undecidable sentences. This was long interpreted as a limit. But it can be reframed: a system
that does not shy away from self-reference and admits incompleteness can be more expressive
and adaptive.

Cybernetic Loops and Autopoiesis (Wiener 1948, Maturana & Varela 1972): Feedback
systems and autonomous closed loops became central to biological and organizational theory.
Varela's concept of autopoiesis —self-production —asserts that living systems are
characterized by organizational closure: the output of the system maintains the system's
organization. This is not metaphorical; it is the definition of life.

Hofstadter's Strange Loops (1979): Gddel, Escher, Bach articulated self-reference across levels
—from musical fugues to artistic recursion to logical levels—as a key to consciousness and
meaning-making. While primarily expository, it grounded self-reference in tangible, aesthetic
structures.

Spencer-Brown's Laws of Form (1969) provided a minimal calculus of distinction and re-
entry. His notation, wherein a "re-entering mark" (a distinction that points to itself) generates
paradox that is managed through time-dependent evaluation, is a precursor to Spivack's
Primordial Loop. Unlike classical set theory, Spencer-Brown's system embraces the paradox
as productive.

Category Theory and Recursive Functors (MacLane 1971; Lawvere & Schanuel 1997): In
category theory, recursion and self-application are not pathological but central. Recursive
functors, monads, and adjunctions naturally capture self-similar structures. The initial object
in a category of endofunctors corresponds to a fixed point—a self-generating structure.

SDTS Integration: Spivack's S = L(S) is a category-theoretic fixed point in the category of
linguistic systems. My topological operators provide the substrate. Together, they give a
constructive, computational realization of self-reference without paradox.

2.2 Topology and Quantum Mechanics: Emerging Convergence

Over the past two decades, a quiet but accelerating convergence has emerged between
topology and quantum foundations. Several threads:

Topological Quantum Field Theory (TQFT) (Atiyah, Witten, Baez): TQFTs assign invariant
algebraic data (amplitudes, partition functions) to topological manifolds and cobordisms
(spaces connecting manifolds). The key insight: quantum observables are largely invariant
under continuous deformation; they depend on global topological structure. Witten's work on
Chern-Simons theory and knot invariants showed that quantum amplitudes encode
topological information.



Spin Networks and Spin Foam Models (Penrose 1971; Baez & Barrett 2000; Thiemann 2007):
Penrose's spin networks represent quantum geometry via graphs labeled with spin/angular-
momentum values. In loop quantum gravity, spacetime itself is quantized as a superposition of
spin networks. Loops—not points —are primitive. This directly motivates Spivack's
Primordial Loop hypothesis.

Topological Defects and Vortices in Condensed Matter (Mermin 1979): Topological defects
(vortices, skyrmions, monopoles) carry conserved quantum numbers and cannot be
eliminated by smooth deformations. They are robust, protected by topology. Such objects
could model fermions and bosons in a pre-geometric setting.

Khovanov Homology and Categorification (Khovanov 2000): Knot invariants —traditionally
numerical —were "categorified" into homology theories, revealing deeper structure. This
suggests that topology and algebra are facets of a more fundamental organizing principle.

SDTS Integration: My topological generators (t, %2, d, ©) map directly onto TQFT degrees of
freedom and spin-network structures. Mobius twists correspond to half-integer spin; Klein
bottle self-intersections to boundary conditions in topological field theory. The claim that
fermions emerge from odd-twist sectors and bosons from even sectors (Prediction P1 below) is
grounded in extant TQFT phenomenology.

2.3 Self-Describing Systems in Computer Science and Molecular Biology

Contemporary research in two domains validates the SDTS framework:

Self-Modifying Code and Meta-Programming (Maes 1987; Ferber & Perrot 1991): Reflective
architectures in Al permit systems to inspect and modify their own rules at runtime. KAYS-3
extends this: not only inspection/modification, but also the generation of new description
languages and the auto-tuning of consistency metrics. Self-description is not incidental; it
enables adaptive learning.

Molecular Self-Assembly and Autocatalytic Networks (Kauffman 1986, 2000; Hordijk & Steel
2012): Stuart Kauffman's work on "self-organized criticality" and autocatalytic reaction
networks showed that chemical systems can bootstrap themselves into increasing complexity
without external supervision. A set of molecules catalyze reactions that produce other
molecules, closing the loop: self-production. Recent work on RNA world models (Joyce &
Orgel 2006) and in vitro evolutionary systems (Ellington & Szostak 1990) empirically
demonstrates such autocatalytic closure.

Biological Ontology and Constraint-Based Organization (Noble 2012; Friston 2010): Denis
Noble's work on biological systems emphasizes that organisms are organized around multiple
levels of constraint, from genes through organs to behavior. Constraints are not inhibitory;
they are generative. This aligns with DM: systems minimize dissonance by embracing
constraints, which then guide coherent behavior.

SDTS Integration: KAYS-3's self-describing, fractally expanding architecture is inspired by
autocatalytic networks and biological constraint organization. DM is operationalized as
hierarchical constraint satisfaction. Transputation models the meta-level reorganization
observed in learning and adaptive systems.



3. Two Vocabularies, One Terrain: Formal Mapping

3.1 Spivack's Core Formal Apparatus

Self-Defining System (SDS): A system S that generates its own description language L such
that S = L(S). This means:

. L enumerates all addressable states, relations, and operations within S.
* S can be rewritten via operations that are themselves expressible in L.
*  There is no "outside" homunculus running S; S is self-executing.

Formally, treat L as a functor from the space of possible states to symbolic representations: $
$L: \text{States}(S) \to \text{Symbols}(L)$$

The equation S = L(S) asserts that this functor is a fixed point: applying L to the state-space of
S regenerates S.

Primordial Loop: The minimal topological substrate of an SDS. A one-dimensional, self-
intersecting, self-referential structure whose dynamics (via internal rule operations) generate
emergent structures at all scales. Spivack proposes this loop is the origin of both spacetime
and consciousness; the universe is a Primordial Loop that runs itself.

Transputation (®): Endogenous rule-rewriting; the operator by which S modifies its own
transformation rules. Unlike computation on a fixed rule set, ® changes the rules: $$S_{t+1}
=T_{\text{new}}(S_t), \quad \text{where } T_{\text{new}} \text{ is produced by }
\Phi(T_{\text{old}}, S_t)$$

This is meta-level change; it models learning, innovation, and adaptive reconfiguration.

Dissonance Minimization (DM): A global optimization principle selecting among competing
trajectories or configurations to minimize an inconsistency functional D(S). Formally: $$
\text{Arg\min_{S} , D(S) \quad \text{subject to local and global constraints}$$

Dissonance arises from contradictions, conflicting interpretations, or topological strain. DM
drives systems toward coherence. In quantum mechanics, DM selects measurement outcomes
that are consistent with global context. In learning, DM selects behavioral policies that
balance diverse goals.

3.2 My Prior Topological Lexicon

Topological Closure: Identity and duality are encoded by minimal topological structures:

*  Mbobius twist (t): A half-twist embedding in 3D that yields a single-sided surface. Any
continuous path on a Mdébius band traverses the "opposite side," encoding parity flip
and self-relation. Algebraically: $\tau’2 = \text{identity}$ (a 720° rotation yields
identity in spinor space).

. Klein bottle (»): A closed surface (no boundary) embedded in 4D that is non-
orientable. It is topologically two Mobius bands glued base-to-base. The Klein bottle
self-intersects; this intersection models self-containment and recursive reference.



Self-Description: Systems that carry and evolve their own meta-models. KAYS-3 exemplifies
this: each state includes not only data but meta-information (type, precedence, consistency
tags) that the system uses to self-modify.

Mirroring and Map < Territory: A representation that folds back into the generator becomes
a mirror. Seeing oneself implies both identity (I am the one observed) and otherness (I am
distinct from the observer perspective). This paradox, managed topologically via Mobius
embedding, yields reflexive awareness.

Boundary Operations:

*  Boundary creation (d): Cutting or splitting a surface to create new boundaries. A
Mobius band cut along its centerline yields a longer Mobius band (twist doubled); cut
again, two linked rectangles.

*  Boundary annihilation (©): Merging or gluing surfaces, reducing boundary count.
Joining two Mobius bands base-to-base yields a Klein bottle.

These operations are not merely topological games; they model real transitions: a system
gaining internal structure (splitting), or integrating previously separate subsystems (merging).

3.3 Synthesis: SDTS Bridges Both Vocabularies

Concept Spivack's Term My Term SDTS Reading
System generating S=L(S) Self-describing  Description language is causal; rewrite
its own language a system capacity is self-generated
Endogenous rule Transputation (@) Rewrite/Retune Meta-level modification of
Drive toward Dissonance Harmony/ Global functional minimizing
coherence Minimization Coherence ontological tension
Topologlcal Primordial Loop Mobius/Klein Lc?op dynamlcs implement parity,
foundation closure orientation, and self-reference
Reflexive Territory is its Map > Territory Representation folds back into
representational own map / Mirroring generator; yields reflexive control

Fractally expanding, (implicitin SDS  Fractal Self- L, ®, DM operate identically at all

Key Synthesis Move: Spivack's operators (L, @, DM) act on the state-space supplied by
topological closure. My topological generators provide invariants that DM must respect. The
result is a concrete, computable system.

4. Self-Defining Topological Systems (SDTS): Rigorous
Formulation

4.1 Axioms (First-Order)

Al — Closure: There exists a system S such that every causal process within S is generated by
rules expressible within S. Formally: $\forall a \in \text{Causality}(S), , \exists r \in
\text{Rules}(S) : a =r(S)$.



Rationale: Avoids infinite regress (turtles all the way down) by postulating a complete, self-
contained dynamical system.

A2 — Self-Definition: S generates a language (symbol system) L sufficient to describe,
address, and modify every state and transition in S. Moreover, L itself is produced by S: $S =

L(S)$.
Rationale: Formalizes autopoiesis. The system does not require an external encoder or oracle.

A3 — Transputation (®): S possesses an operator ® enabling rewriting of its own
transformation rules. Denote the rule set at time t as $T_t$. Then: $$T_{t+1} =\Phi(T_t, S_t,
L_t,D_t)$$ ® is a meta-operator: it consumes rules, system state, language, and dissonance,
producing new rules.

Rationale: Distinguishes learning and adaptation from mere computation. Without @, the
system is rigid; with ®, it is adaptive.

A4 — Dissonance Minimization (DM): The dynamics of S exhibit a tendency to select
configurations, rules, and behaviors that minimize a global dissonance functional: $$D(S) =
\sum_i w_i , d_i(S)$$ where $d_i$ are local inconsistency measures (type conflicts,
unsatisfiable constraints, topological misalignments) and $w_i$ are weights. Formally,
evolution follows a gradient descent (or simulated annealing) on D.

Rationale: Explains stability, measurement, consensus, and learning as manifestations of a
single underlying principle: coherence-seeking.

AS — Topological Ground: The state-space of S admits a minimal topological structure
generated by loop-like objects. Let the topological generators be:

. T (Mobius twist)

. % (Klein self-intersection)
. 0 (boundary creation)

. © (loop concatenation)

These generators commute or anti-commute in predictable ways (they form a (semi)group
structure). States of S can be decomposed into superpositions of these generators: $$IS\rangle
=\sum_g c_g , Ig\rangle, \quad g \in {\text{id}, \tau, \tau”2, \kappa, \partial, \odot, \Idots}$$

Rationale: Anchors abstract dynamics in concrete geometry. Topological invariants (parity,
winding number, genus) constrain feasible trajectories and protect stable structures.

4.2 Operators and Their Semantics

Language Operator (L)

$L: \mathcal{S} \to \mathcal{L}$, where $\mathcal{S}$ is the state-space and $\mathcal{L}$ is
the symbol/type space.

Operations:



*  Enumeration: L assigns unique symbols to addressable entities (variables, relations,
entities).

*  Typing: L associates each entity with a type/sort, enabling constraint checking.

e Meta-tagging: L marks descriptions with reflexivity flags (this-describes-itself, self-
modifying, etc.).

Example: In KAYS-3, the Lexicon Engine maintains a symbol table and type hierarchy; L is
the operation of table lookup and type inference.

Transputation Operator (®)
$$\Phi: (T, S, L, D) \mapsto T'$$
Semantics:

*  Proposal: Candidate rewrites are generated (via analogy, abstraction, or random
perturbation).

. Evaluation: Each candidate is scored against D (dissonance). Low-dissonance rewrites
are prioritized.

*  Selection and promotion: Winning rewrites are promoted into active rule set.

Example: In learning, ® models hypothesis selection; in biological evolution, mutation and
selection; in organizational change, strategic pivots that reduce internal conflict.

Dissonance Minimization (DM) and the Harmony Solver

Given a state S, compute: $$D(S) = \sum_{i \in \text{LocalConstraints}} d_i(S) + \sum_{j \in
\text{GlobalConstraints}} D_j(S)$$

Local terms (e.g., type violations, unmatched references) penalize local inconsistency. Global
terms (e.g., topological tension, boundary misalignments) penalize large-scale discord.

Optimization: Use gradient descent, simulated annealing, or belief propagation to find $SA* =
\arg\min D(S)$.

Interpretation: Selection of measurement outcomes, stabilization of oscillations, convergence
of iterative learning, and consensus in distributed systems all manifest as DM.

Topological Operators

e Mbobius Twist (t): Flips parity. On a loop segment, T maps $(x, s) \mapsto (x, -s)$ (same
position, flipped spin/orientation). Effect: exchanges fermion and boson statistics,
inversion of sign under 360° rotation.

e  Klein Self-Intersection (»): Self-touches. Creates closed loops with no boundary.
Algebraically, % is an involution ($\kappa?2 = \text{id}$) that identifies paired regions;
topologically, it models self-containment.



. Boundary Creation/Annihilation (d): Adds or removes topological degree of freedom.
Geometrically, d is the boundary operator from differential forms; combinatorially, it
tracks edges/vertices. Effect: changes genus, allows local folding.

. Loop Concatenation (©): Joins two loop segments end-to-end. Effect: composable
dynamical rules, fractal expansion.

4.3 The Minimal Working Algorithm (Pseudocode)

So := PrimordialLoop()
// Initialize a self-referential loop structure
Lo := CreatelLanguage(So)
// Generate initial symbol system
To := InitialRules(So, Lo)
// Bootstrap transformation rules
Do := ComputeDissonance(So, To, Lo)

// Measure initial dissonance

t :=0
while not halting condition do

// Main loop

// Step 1: Apply transputation
® candidates := GenerateRewrites(T _t, S t, L_t)
scores := Evaluate(®_candidates, D_t)

T' t := SelectWinners(scores, num=k)

// Step 2: Transition under new rules

S {t+l1} := Transpute(S_t, T' t, L_t)



// Step 3: Evolve language

L _{t+1}

UpdateLanguage(S_{t+1}, T' t, L_t)

// Step 4: Apply topological moves

S_{t+1}
©})

ApplyTopologicalOps(S_{t+1}, moves € {T, K, 9,

// Step 5: Minimize dissonance

S {t+1} := ArgMin {s} D(s | S_t, T'_t, L {t+1},
constraints)
D _{t+1} := ComputeDissonance(S_{t+1}, T' t, L_{t+1})

// Step 6: Observe and record

emit Emergence(S_{t+1}, L {t+1}, AD = D t - D_{t+1})

end while

return {S_final, L_final, T final, trace of D over time}
4.4 Interpretation and Philosophical Implications

S/L Coupling as Anti-Representationalism: Classical philosophy of mind posits representation
as a transparent medium mediating cognition and world. SDTS inverts this: description
layers are not epiphenomena; they are causal operators. L. does not merely describe S; it
generates and constrains S.

® as Learning and Consciousness: Episodes where ® performs meta-level rule rewriting are
proposed as correlates of conscious deliberation, learning, and innovation. Consciousness, on
this view, is not a separate phenomenon but the introspective access to ®-events —the moment
when a system re-modifies its own dynamics.



DM as Measurement and Intention: In quantum mechanics, the measurement problem —why
does the wavefunction collapse to a classical outcome? —remains unresolved in standard
formalism. SDTS proposes: DM selects, from the superposition, the outcome(s) minimizing
global dissonance. This reframes measurement not as external intervention but as the system's
internal consistency-seeking.

Topological Invariants as Protected Structure: Topological conservation laws (e.g., conserved
winding number, genus invariance) protect structures from deformation. This explains why
certain features —fermions, symmetries, conservation laws—are stable across diverse settings.
They are not ad-hoc; they emerge from topology.

5. From Topology to Phenomena: Deriving Particle-Like
Behavior and Measurement

5.1 Emergence of Particle Statistics from Loop Topology

The Fermi-Bose Divide: In quantum field theory, particles fall into two categories: fermions
(half-integer spin, obeying Pauli exclusion) and bosons (integer spin, obeying Bose-Einstein
statistics). The spinor formalism and representation theory of SO(3) account for this
mathematically, but the origin remains puzzling: why these two types?

SDTS Hypothesis: Loop twist parity is fundamental.
Consider a loop segment with an intrinsic twist count:

. Even twist (0, 2,4, ...): Untwisted or doubly twisted. A 360° rotation returns to an
indistinguishable state. Statistics: Bose.

. Odd twist (1, 3, ...): Half-twisted or triple-twisted. A 360° rotation returns a negated
state; a 720° rotation is needed for indistinguishability. Statistics: Fermi.

Formally, let $n_\tau \in \mathbb{Z}$ denote twist parity and $S_\text{stat}$ the statistics
functor: $$S_\text{stat}(n_\tau) = \begin{cases} \text{Fermi} & \text{if } n_\tau \equiv 1
\pmod{2} \ \text{Bose} & \text{if } n_\tau \equiv 0 \pmod{2} \end{cases}$$

Composite Excitations: A composite structure built from two fermionic sectors (each with
$n_\tau = 1$) has combined twist count $n_\tau = 2$ (even), thus behaving as a boson. This
explains Cooper pairs in superconductivity, color-singlet quark composites (baryons and
mesons), and composite bosons in general.

Prediction P1: Bifurcation of Statistics

In simulations where loop segments accumulate varying twist parity during evolution, the
distribution of excitations will bifurcate into two populations: low-twist (bosonic) and high-twist
(fermionic). Composite structures with two fermionic components will migrate into the bosonic
population, following predicted rules of composition.

Testing in KAYS-3: Instrument the topological kernel to track T count; measure statistical
correlations (commutation vs. anti-commutation) as a function of t.



5.2 Measurement and the Collapse of Superposition as Dissonance Minimization

The Measurement Problem: In standard quantum mechanics, the state vector evolves
deterministically under the Schrodinger equation until a measurement, at which point it
undergoes non-deterministic "collapse" to an eigenstate. The formalism does not explain:

1.  Why collapse happens.
2. Why only one outcome is realized (not multiple).
3.  What counts as a "measurement."
SDTS Reframing: Collapse is not a mysterious external event; it is DM.

Suppose the system S represents a quantum superposition: $$\psi\rangle =\sum_i c_i |
e_i\rangle$$

Each branch $le_i\rangle$ carries a dissonance cost: $d_i = \text{measure of self-inconsistency
in branch } i$ (e.g., unresolved constraints, topological misalignment with global context,
unsatisfiable symmetries).

DM selects the branch(es) minimizing $D(S) = \sum_i Ic_ilA2 d_i + \text{interaction terms}$.

In a decohering, highly constrained environment, DM strongly selects a single low-dissonance
outcome. In a closed, symmetric system, DM may preserve superposition (low dissonance for
all branches).

Interpretation: "Wavefunction collapse" is not mystical; it is the system's self-consistent
resolution of conflicting descriptions.

Prediction P2: DM-Driven Convergence

Under increased constraint coupling (interdependencies between system segments), convergence
to a single outcome accelerates; the dissonance of non-selected branches rises sharply.
Conversely, in sparse or isolated subsystems, metastability proliferates (multiple low-dissonance
states coexist longer). This predicts the empirical correlates of quantum decoherence and
quantum-to-classical transitions.

Testing in KAYS-3: Implement a multi-branch simulator. Vary the cross-link density
(interdependencies) and measure the time to convergence and metastability duration.

5.3 Consciousness and Meta-Level Transputation

Why Consciousness?: Consciousness—subjective experience, qualia, intentionality —remains
one of science's hard problems (Chalmers 1995). How does objective neural activity give rise
to subjective feeling?

SDTS Conjecture: Consciousness arises when @ operates reflexively; when a system rewrites
its rules and introspectively accesses that rewriting.

More precisely:



. Non-conscious processing: Forward computation under fixed (or slowly-varying) rules.
The system performs calculations but does not "observe" the calculations.

*  Conscious processing: Meta-level observation and rewriting. The system computes and
computes-about-computing. This recursion, when integrated via DM into a unified
global model, yields the sense of a unified, deliberative subject.

Neurobiologically, this maps onto:

*  Thalamocortical loops (Edelman & Tononi's dynamic core): Feedback between cortex
and thalamus allows rapid, integrated information flow — ®-like reconfiguration.

. Global workspace (Baars 1988): Information becomes conscious when broadcast
across a widespread neural network —integration via L. and DM.

e  Integrated Information (®) (Tononi 2015): Consciousness correlates with high
integrated information, the irreducibility of a system to independent parts. This is
exactly DM at the meta-level: information integration minimizes the dissonance
between local and global description.

Prediction P3: Consciousness Correlates with ®-Bursts

In artificial systems running the SDTS algorithm, episodes of significant rule rewriting (®-
events) will be accompanied by markers of global integration: rapid cross-system information
transfer, temporary elevation of D followed by sharp drop (dissonance spike then resolution), and
sustained elevation of mutual information between diverse modules. In human brains, such
signatures should track reported conscious deliberation.

Testing in KAYS-3: Implement triggers for controlled ®-events (forced rule rewriting).
Measure system-wide correlation and mutual information. Correlate with measures of unified

behavior, delayed decision-making (compared to automatic responses), and subjective report
analogs (e.g., "difficulty" of problem).

6. Implementation: KAYS-3 Architecture and the Simulator

6.1 Module-Operator Alignment

KAYS-3, my long-running simulation framework, naturally instantiates SDTS components:

SDTS KAYS-

Operato 3 Function

L Lexico Symbol table, type hierarchy, constraint specification. Enumerates and
(Langua n addresses all entities in the system.

s Rule-  Proposes candidate rule rewrites; evaluates them; selects and promotes high-
(Transpu

) Weaver fitness rewrites into active rule set.
tation)

Harmo Computes global dissonance functional D(S). Performs multi-scale optimization

DM ny (constraint satisfaction, annealing, belief propagation) to find low-D



t,%,0, Topo- Implements topological operations: twist application, self-intersection (Klein
© Kernel bottle), boundary creation/annihilation, loop joining. Maintains topological

6.2 Data Model and State Representation

Core Ontology

States in S are represented as hypergraphs: vertices (loop segments), edges (interaction links),
faces (minimal cycles), and decorations (twist parity, orientation tags, boundary tags).

State S := {
Vertices: { v_1, v_2, .., v_n },
each v_i has:
position: (x, y, z, ..)
twist parity: T € {0, 1} // even or odd
orientation: o € {+1, -1}
Edges: { e 1], e 2, .., em},

each e_ij connects v_i to v_j, labeled by interaction
strength

Cycles: { c_1, .., c_k },

minimal closed paths; genus/winding number computed
Constraints: { con_1, .., con_p },

type constraints, symmetries, conservation laws

}

Language Assignments

L maps each entity to a symbol and type:

L(v_i) := (symbol: "particle_ 123", type: "fermion" | "boson")
L(e_ij) := (symbol: "interaction_ 45", strength: p € [0,1])

L(c_k) := (symbol: "cycle 67", invariant: winding_number)

6.3 Dissonance Computation



$$D(S) =\alpha \sum_{\text{constraints}} \text{violation}(con) + \beta \sum_{\text{edge-
pairs}} \text{twist-conflict}(e_i, e_j) + \gamma \sum_{\text{cycles}} \text{topological-tension}
(c)$$

Local inconsistency terms (o channel): Type mismatches, unsatisfied constraints, dangling
references.

Topological tension terms (8, ¥ channels): Edges with incompatible twist counts linked
together incur cost; cycles with inconsistent genus incur cost.

Tuning a, B, ¥ adjusts the relative weight of logical vs. topological consistency.
6.4 Experiments and Observable Predictions

Experiment E1: Spin-Parity Emergence

Setup: Initialize KAYS-3 with a random configuration of twist-tagged loop segments. Run
dynamics under fixed rules (® disabled). Measure the distribution of twist parity over time.

Prediction: Despite random initialization, a clear bimodal distribution emerges: two
populations with distinct statistical behavior (Fermi vs. Bose).

Outcome: Validates Prediction P1. Demonstrates topological origin of particle statistics
without invoking external quantization.

Experiment E2: DM-Driven Collapse

Setup: Initialize KAYS-3 with a superposition state (multiple branches coexist, each with
partially satisfied constraints). Gradually increase cross-link density.

Prediction: Convergence accelerates; metastability duration shrinks; a single low-dissonance
branch dominates.

Outcome: Validates Prediction P2. Demonstrates measurement-like dynamics as self-
consistent resolution.

Experiment E3: ®-Burst and Integration

Setup: Run KAYS-3 in steady state. Trigger a controlled ® event (force rewriting of a central
rule, e.g., a key constraint). Monitor system-wide mutual information and correlation
patterns.

Prediction: Pre-®: low integration (modules operate semi-independently). ®-trigger: global
spike in mutual information (all modules must recompute). Post-®: new equilibrium,
potentially lower D, stabilized correlations.

Outcome: Validates Prediction P3. Demonstrates that meta-level reconfiguration produces
integrative signatures.

7. Comparative Conceptual Glossary



My Prior

Spivack's Term

SDTS Unification

Context / Example

Self- Self-Defining S generates and updates its A cognitive agent whose self-
describing System own L; descriptions are active, model is executable and
Rewrite / Transputation Endogenous rule modification; Learning a new strategy mid-
Retune (P) meta-level change game; scientific paradigm shift
Harmony / Dissonance Global inconsistency Consensus in a debate;
Coherence Minimization functional; gradient descent to stabilization of a flickering
Mbobius / Primordial Topological ground of self- Identity as self-folding;

Klein closure Loop reference; minimal substrate  consciousness as introspective

Map < "Territory is its Reflexive representational Seeing your reflection;
Territory / own map" closure; representation folds  understanding that you are
Fractal self- Universality of L, ®, DM operate identically = Quark, atom, cell, organism,
similarity SDS at all scales species —same laws apply
Boundary Implicit in Topological degree of Cell differentiation (internal

operations (d, Primordial Loop freedom; allows local and

boundary creation); ecosystem

8. Intellectual Heritage and Wider Context

SDTS does not emerge from a vacuum. It inherits and synthesizes from multiple traditions:

8.1 Mathematical Foundations

Group Theory and Symmetry (Noether 1918; Wigner 1939): Emmy Noether's theorem links
symmetries to conservation laws. Wigner's irreducible representations explain particle
multiplets. SDTS grounds these symmetries in topological structure: T and » generate
(semi)group actions; conserved quantities are topological invariants.

Category Theory and Functoriality (Eilenberg & MacLane 1945; Lawvere & Schanuel 1997):
Universal properties and natural transformations capture essence independent of

presentation. L is a functor; ® transforms functors; DM selects among naturally equivalent
diagrams. SDTS is inherently category-theoretic.

Homology and Cohomology (Lefschetz 1930; de Rham 1931): Topological invariants
(homology groups, cohomology rings) survive deformation. These are exactly the protected
structures (fermion number, anomalies) that persist in SDTS dynamics.

8.2 Logical and Foundational Traditions

Constructive Logic and Intuitionistic Foundations (Brouwer 1907; Heyting 1930; Martin-Lof
1984): Unlike classical logic's law of excluded middle (P or =P always holds), constructive logic
requires explicit construction of witnesses. SDTS, with its emphasis on constructive emergence
and explicit state transformations, aligns with constructivism. Self-reference is not
paradoxical; it is a sequence of constructive steps.

Proof Theory and Type Systems (Gentzen 1935; Church 1940; Barendregt 1984): Types
enforce consistency; derivations construct proofs. L in SDTS is a type system; ® constructs
derivations; DM prunes proofs with high inconsistency cost.



Recursion Theory and Computability (Godel, Church, Turing 1930s): Recursive functions and
p-operators define computability. S = L(S) is a fixed point of a recursive functor —a Turing-
complete notion.

8.3 Cybernetics, Systems Theory, and Biology

Cybernetics (Wiener 1948; Ashby 1956): Feedback, circular causality, self-regulation. These
are formalized in SDTS as DM (negative feedback selecting low-dissonance states).

Systems Theory (von Bertalanffy 1968; Boulding 1956): Holistic understanding of complex
systems across scales. SDTS's fractal self-similarity (same rules at all scales) embodies this
vision.

Autopoiesis (Maturana & Varela 1972; Varela 1979): Self-production as the defining feature of
life. S produces L, which constrains S; S produces rules, which rewrite S. This is autopoiesis
formalized.

Biological Constraints and Multi-Scale Organization (Noble 2008; Friston 2010): Organisms
are hierarchies of constraints, not bottom-up emergences. SDTS's L specifies constraints; DM
enforces them at all scales.

9. Open Questions and Future Directions

9.1 Empirical Testability and Falsifiability

While SDTS offers conceptual clarity, empirical validation is paramount.
Challenge 1: Simulational Verification
E1-E3 (above) are in-silico tests. Real-world mapping is uncertain.

. Future: Implement KAYS-3 on multiple hardware backends; ensure predictions are
robust to implementation details.

Challenge 2: Quantum Experimental Tests

. P1 (fermion/boson emergence from twist parity) could be tested in condensed-matter
systems (topological materials, quantum Hall liquids, spin liquids).

*  Can one engineer a topological system where twist parity is externally tunable, and
verify statistics transition?

Challenge 3: Neurobiological Correlates

*  P3 (consciousness correlates with ®-bursts) requires precise neural recording and data
analysis.

*  Can one instrument the brain to detect meta-level rule rewriting (via intracranial
recording, fMRI, or non-invasive means)?

. Collaboration with neuroscientists is essential.



9.2 Computational Complexity

SDTS algorithms (especially DM optimization over large state spaces and @ search over rule
spaces) face computational challenges.

Open Problem: What is the complexity class of optimal (or approximate) DM? Of efficient ®
search?

Conjecture: Under reasonable constraints, DM is NP-hard; ® search is PSPACE-hard.
However, structured instances (e.g., planar graphs, low-treewidth networks) may be tractable.

Implication: For very large systems, KAYS-3 may require approximation heuristics (simulated
annealing, genetic algorithms, neural-net guidance).

9.3 Connection to Quantum Information and Entanglement

SDTS uses topological notions (twist, genus, winding) but has not yet deeply engaged with
quantum entanglement, which is also intimately tied to topology (in TQFT, entanglement is
captured by topological correlations).

Future Work: Formalize the relationship between SDTS dissonance and quantum
entanglement entropy. Does DM minimize mutual information (disentanglement) or maximize
it (integration)?

9.4 Emergence of Spacetime and Gravity

Spivack's Loop Cosmogenesis sketches how spacetime itself emerges from a Primordial Loop.
SDTS has not fully addressed this.

Research Direction: Extend SDTS to derive a theory of spacetime geometry and gravitational
dynamics. Can geodesics, curvature, and Einstein equations emerge from L, ®, DM acting on
topological structures?

Speculative: If successful, this would be a major step toward a background-independent
theory of quantum gravity, complementing loop quantum gravity and causal dynamical
triangulations.

10. Summary of Contributions

10.1 Conceptual

1. Formal integration of self-reference (S = L(S)), rule rewriting (®), and coherence-
seeking (DM) with topological foundations (1, %, 0, ©).

2. Unified framework applicable across physics, cognition, and organization —
demonstrating that self-defining principles are universal.



3. Grounding of apparent mysteries: Particle statistics (fermion/boson divide),
measurement (wavefunction collapse), consciousness (®-bursts) —all as manifestations
of topology and DM.

10.2 Formal

1. Rigorous axiomatization (A1-AS) of SDTS with explicit operators and algebra.
2. Minimal computable notation enabling implementation and simulation.

3. Three concrete testable predictions (P1, P2, P3) with empirical signatures.
10.3 Practical

1. KAYS-3 mapping: Direct correspondence between SDTS operators and simulator
modules.

2. Three designed experiments (E1, E2, E3) to validate predictions in silico.

3. Roadmap for expansion: Extensions to gravity, entanglement, neurobiological
measurement.

10.4 Methodological

1. Synthesis of lineages: Bridging two independent research programs (my topological
work since 2007, Spivack's SDS work in 2025) without erasing either.

2. Intellectual honesty: Clear chronology and contribution mapping; no false claims of
priority.

3. Openness to refutation: Predictions are falsifiable; open problems are stated candidly.

11. Conclusion: A Unified Universe Running Itself

The vision underlying SDTS is simple yet profound: The universe is a Self-Defining
Topological System—a closed, autonomous structure that generates its own description
language, modifies its own rules, and seeks coherence. Nothing outside runs it. It is complete,
self-sufficient, and self-aware (to the extent that localized ®-bursts within it constitute
awareness).

We, as conscious inquirers, are not separate from this system; we are patterns of topology and
information within it, momentarily organized to ask the question "What are we?" This
question, asked from within the system, is the system examining itself —a @®-event of the
highest order.

Spivack's 2025 work provided the formal lexicon to articulate this vision precisely. My
decades of work on topological self-reference supplied the geometric substrate. Together,
SDTS offers a coherent, testable, and philosophically satisfying framework for understanding
emergence, consciousness, and the nature of reality itself.



The work is far from complete. Empirical validation is essential. Collaboration across
disciplines—mathematics, physics, neuroscience, computer science, philosophy —is
imperative. But the foundation is now clear, the predictions are precise, and the invitation is
open: to those willing to follow self-reference and topology into the heart of how a universe
might run itself.
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Appendix: How to Extend SDTS

A.1 Adding Domain-Specific Operators

SDTS is intentionally generic. Domain-specific instantiations can add operators tailored to
particular systems:

In Cognitive Science: Add operators for attention (selective L update), emotion (rapid DM
shifts), imagination (counterfactual branch exploration in ®).

In Organizational Theory: Add operators for communication (cross-module L update),
decision-making (DM at collective scale), learning cultures (® at organizational level).

In Physics: Add operators for gauge symmetry (L respects gauge invariance), renormalization
(L-smoothing at different scales), quantum tunneling (topological barrier crossing via »).

A.2 Predicting SDTS Extensions

Hypothesis: As SDTS is applied to new domains, domain-specific operators will emerge, but
they will always decompose into combinations of the five core axioms (A1-AS) and four
topological operators (1, %, d, ©). This suggests that SDTS is a universal framework.

Test: Document domain-specific operators in literature (e.g., biological morphogenesis,
organizational change, quantum field dynamics). Map each to SDTS primitives. If successful,
SDTS is validated as universal.

Final Remarks

This essay has attempted to create a unified synthesis of two parallel research lines—my
topological self-reference work (2007-2025) and Nova Spivack's Self-Defining Systems
framework (2025)—into a coherent, testable, and philosophically rich framework: Self-
Defining Topological Systems (SDTS).

The journey from abstract topological intuition to formal axioms to computational
implementation to empirical prediction has been long and rewarding. The hope is that this
integration will:



1. Clarify existing puzzles in physics (particles, measurement), neuroscience
(consciousness), and Al (learning, meaning).

2. Provide a common language for researchers across disciplines, enabling productive
dialogue.

3. Generate testable hypotheses that advance both foundational theory and practical
application.

4. Inspire further synthesis: SDTS is not the final word but an invitation to others to
build upon, refine, critique, and extend this framework.

The universe, if SDTS is right, is not an inert mechanism winding down toward heat death. It
is a living, self-defining, self-aware process —running itself, knowing itself, continuously re-
creating itself through Transputation and Dissonance Minimization. We, as conscious
inquirers, are not separate observers but integral expressions of this cosmic self-reflection.

That is the vision. Now comes the work of making it rigorous, testable, and true.
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