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Abstract

Contemporary physics treats mathematics, logic, and spacetime as foundational primitives.
Quantum mechanics assumes measurement and observation. General relativity presupposes
spacetime geometry. Computation theory begins with logic as given. Each framework succeeds
within its domain but leaves fundamental questions unanswered: Why does quantum measure-
ment produce definite outcomes? Why is space three-dimensional? How does computation
relate to physical structure?

We present a framework that derives these structures as emergent consequences of a single
generative axiom: recursive duality, formalized as E = {E™, E~}. Through systematic deriva-
tion across five levels of recursive application, we show that: (1) complete Boolean algebra
emerges at level 3 as the exhaustive space of relation-outcome mappings (16 operations); (2)
Turing-complete computation arises naturally when outcomes chain with memory (Rule 110
equivalence); (3) three-dimensional space emerges as the minimum structure supporting depth-
generative recursion—where recursive subdivision generates new stable pattern classes rather
than mere resolution refinement; (4) quantum mechanical phenomena (superposition, entan-
glement, measurement, Born rule) follow necessarily as structural features of patterns not yet
invariant under coupled recursive resolution.

The framework is pre-mathematical: it shows how mathematics itself becomes possible. No
additional axioms. No assumed logic or geometry. Just recursion operating on itself. Quantum
behavior is not mysterious—it is what pre-stable patterns necessarily exhibit under coupling.

Full derivations and companion book: https://doi.org/10.5281/zenodo.18158830

Keywords: recursive duality, emergent structure, quantum foundations, computational
universality, dimensional space, pattern persistence

1 Introduction

1.1 The Problem

Physics has achieved extraordinary predictive power while leaving fundamental questions struc-
turally unanswered. Quantum mechanics successfully predicts experimental outcomes but treats
measurement and observation as primitive—unexplained processes that somehow force definite re-
sults from superposition. General relativity describes spacetime curvature with precision yet as-
sumes spacetime itself as given. Computation theory derives algorithmic complexity from logic and
Turing machines, but logic is axiomatic, not derived.



Each framework succeeds within its domain. Together, they reveal fragmentation:
e Why does quantum measurement appear to force definite outcomes?

e Why is space three-dimensional rather than two or four?

e How does computation relate to physical law?

e What is the structural role of the observer?

Existing unification attempts address this fragmentation by adding complexity. String theory
introduces 10-11 dimensional manifolds to unify forces. Many-Worlds interpretation multiplies
universes to avoid wavefunction collapse. Integrated information theory posits consciousness as
fundamental to explain subjective experience. Each approach solves local problems by introducing
new primitives—dimensions, worlds, consciousness metrics—that themselves require explanation.

1.2 The Approach

We take the opposite direction: radical reduction to a single generative axiom.

Beginning with recursive duality—formalized as E = {E+, E~ }—we derive logic, computation,
dimensional space, and quantum mechanics as necessary emergent structures. No additional axioms.
No external inputs. No assumed mathematics or logic. Just recursion operating on itself.

The framework is pre-mathematical: it describes how mathematics itself becomes possible, oper-
ating at a level prior to formalism while remaining rigorously structured. This is not interpretation
or analogy. It is systematic derivation showing that structures we treat as foundational are conse-
quences of simpler recursive process.

1.3 What This Framework Is Not

It is not physics in the traditional sense. Physics uses mathematics, logic, and measurement as
tools. What we present here exists prior to those tools. These are pre-scientific constructs describing
not experimental results but how science itself becomes structurally possible.

It is not philosophy as abstract speculation. The knowledge here is concrete and opera-
tional. It can be modeled, simulated, and implemented computationally. The absence of traditional
mathematical formalism is intentional: this framework operates at a level where formalisms have
not yet emerged.

It is not a new interpretation of quantum mechanics. We do not add hidden variables,
propose Many-Worlds branching, or invoke consciousness. Instead, we show that quantum behavior
emerges necessarily from recursive pattern-coupling structure. The "measurement problem" dis-
solves because measurement is constraint propagation between coupled patterns, not a separate
process acting on pre-existing states.

It is not a metaphysical claim about ultimate reality. We derive behavior from min-
imal structure, not declare ontological truth. The framework is a generative model showing how
observable phenomena follow from recursive duality.

1.4 Core Thesis

A single recursive structure—duality formalized as £ = {E™, E~ }—generates logic, computation,
dimensional space, and quantum mechanics as structural consequences.
No additional axioms. No external inputs. Just recursion operating on itself.



1.5 Structure of This Paper

Section 2 presents the axiom and shows its structural parallel with contemplative traditions that
independently arrived at the same minimal structure. Section 3 derives logic and Turing-complete
computation through five levels of recursive application. Section 4 shows how three-dimensional
space emerges from depth-generative recursion. Section 5 demonstrates that quantum phenomena
are necessary features of patterns not yet invariant under coupled resolution. Section 6 outlines how
gravity emerges from constraint persistence (full derivation in preparation).

2 The Axiom: Recursive Duality

2.1 Structural Parallel with Contemplative Philosophy

The axiom presented here shares deep structural parallels with Buddhist philosophy, particularly
Nagarjuna’s Madhyamaka doctrine of dependent origination. This connection represents indepen-
dent convergence on the same minimal generative structure—one path through 2000 years of con-
templative practice, another through formal axiomatization.

Madhyamaka’s core structure:

e Dependent origination: phenomena arise only through relations, lacking inherent independent
existence

e Emptiness is empty: the relational structure is itself recursive, admitting no fixed ground
e Two truths: conventional reality (stable patterns) and ultimate reality (relational process)
+-Theory’s parallel structure:

e Objects as persistent patterns: configurations that remain invariant under recursive resolution,
not stored entities

e Recursive duality: E = {E™, E~} applies to itself without termination

e Two descriptions: stable configurations (observable phenomena) and recursive process (gen-
erative mechanism)

In meditation practice, attention focused on the breath reveals the boundary between inner
experience and outer sensation as empty—not absent, but purely relational. Every perceived ob-
ject exhibits dual structure: present-moment manifestation and internal representational web. An
apple is simultaneously physical object and network of associations (cultural, personal, archetypal).
Neither side exists independently. Both arise together.

This experiential observation grounds the formal axiom without appealing to spiritual authority.
Duality emerges as the minimal structure underlying distinction itself, discoverable through both
contemplative observation and systematic formal analysis.

2.2 The Formal Axiom
We formalize this as a single generative structure:
E={E"E"} (1)
Where:



e E represents any distinguishable entity (“everything” or “emptiness™—both apply)
e ET and E~ are its complementary aspects
e The relation is recursive: ET and E~ are themselves instances of E/

This is not an arbitrary choice. Any attempt to describe reality using something other than
duality immediately introduces duality through the distinction between the proposed ground and
its alternative. Duality does not enter as assumption; it emerges as structural necessity.

2.3 Why This Axiom? Why Any Axiom at All?

The deepest question in foundational theory is not "what axioms should we choose?" but "why
should anything exist?"
Most frameworks avoid this question by assuming primitives:

e Physics assumes spacetime, particles, fields

e Mathematics assumes sets, numbers, operations

e Logic assumes propositions, inference rules

e Computer science assumes computation, information

Each framework says: "Given X, we can derive Y." But where does X come from?
The regression threatens infinite: if we explain X by Z, what explains Z7 Three possible escapes:

1. Infinite regress: Accept that explanation goes back forever (unsatisfying)

2. Brute fact: Declare X "just is" without explanation (arbitrary)

3. Self-grounding: X explains itself through internal structure

+-Theory takes the third path. The axiom E = {E™, E~} is self-grounding because:
e It does not assume pre-existing primitives (no numbers, no operators, no space)

e It generates its own content through recursion (the structure is the process)

e Attempting to go "before" duality already invokes duality (existence/non-existence, some-
thing/nothing)

This is not circular reasoning. It is structural closure: the axiom 4s the explanation for why
there is something rather than nothing. "Something" emerges as the recursive unfolding of distin-
guishability itself.

2.4 Why a Single Axiom Matters

Adding axioms does not merely add detail—it either makes the theory derivative of a simpler one
or sharply reduces the probability that it captures anything foundational.
Compare to existing frameworks:

e Big Bang cosmology: assumes initial singularity (what caused it?)

e Simulation hypothesis: assumes base-reality simulator (infinite regress)



e String theory: assumes 10-11 dimensional manifold with specific properties

¢ Quantum field theory: assumes fields, operators, Hilbert space structure

Each stops explanation at an arbitrary depth. +-Theory closes the regress not by assertion but
by inevitability: attempting to go "before" or "behind" duality already invokes duality (something
vs. not-something, cause vs. effect).

If we needed two axioms, we’d ask: why these two and not others? What relates them? The
very act of relating invokes a meta-axiom (duality between the axioms). Multiple axioms beg for
unification.

A single self-referential axiom is minimal: it explains itself by being its own process.

2.5 Recursive Structure as Tree

The recursive application of duality generates a binary tree:

E

N
o e

R

Each node is an instance of E, containing its own dual structure. The tree grows infinitely. This
is the Tree of Knowledge—not metaphor, but mathematical structure.

Crucially: there is no external termination condition. Recursion is unbounded because nothing
exists to bound it. The system is its own ground.

3 Emergence of Logic and Computation

We now systematically derive logic and computation through five levels of recursive application,
following the step-by-step emergence.

3.1 Level 0: Duality
Knowledge gained:

e Difference (there exists + and —)

e Recursion (each applies to itself)

3.2 Level 1: Binary Symbols
Applying duality to itself produces two distinguishable symbols:

EY, E-

For notational simplicity:
+=Et
—-=F"

Knowledge gained: Two symbols, each containing its own dual structure.



3.3 Level 2: Relations and Order

Recursive application to each symbol produces four configurations:

(=% {—+h = {4

Why four? Each symbol (+, -) applies duality to itself, producing two results. With two initial
symbols, we get 2 x 2 = 4 configurations.

New knowledge emerges:

Relations: The configurations naturally partition:

e Self-relations: {——}, {++} (same symbol twice)

e Cross-relations: {—+}, {+—} (different symbols)

This is the first appearance of sameness and difference as structural properties. Before Level 2,
there was only distinction (+/-). Now there is comparison: "are these the same or different?"

Order: The cross-relations {—+} and {4+—} are distinguishable. The distinction is order:
which came first?

This is profound: order does not exist at Levels 0 or 1. At Level 1, + and - are simply
distinguished—neither is "first." Only at Level 2, when recursive application creates sequences,
does order emerge as structural property.

Order is not time (time appears later). It is sequential distinguishability: —+ is detectably
different from +— through their internal structure.

Sameness duality emerges:

S ={S7,5"} = {Same, Different} = {(——, ++), (—+, +—)}

Self-relations collapse to single equivalence class (Same). Cross-relations form their own class
(Different).
Order duality emerges:

O ={0",0"} = {— first, + first}

Order applies only to Different branch. Self-relations have no order (- is the same forwards and
backwards structurally).

Crucial observation: Order duality is incompatible with the Same branch. This is the first
asymmetry from symmetry. The tree initially appears fully symmetric, but applicability constraints
break symmetry. Different regions admit different operations.

This incompatibility will have major consequences: it prevents certain configurations from ex-
isting, creates constraint structure, and eventually manifests as spatial geometry and conservation
laws.

Two new dualities emerge:

Sameness duality:

S = {57,887} = {Same, Different} = {(——, ++), (—+, +—)}
Order duality:
O ={0",0%} = {— first, + first}

Crucially: Order duality applies only to the Different branch (S*) and is incompatible with
Same branch (S7).

This is the first appearance of asymmetry from symmetry. Different regions of the tree admit
different operations.



3.4 Level 3: Logic

At Level 2, we have four possible relations. Each relation can produce an outcome: either + or —.
A logical operation is a consistent mapping from relations to outcomes. Each operation can be
represented as a set of triples:
(left, right, outcome)

Since there are 4 relations and 2 possible outcomes each:
2% = 16 possible logical operations

Example: XOR
XOR produces + only when inputs differ:

(=)

(—+) =+
(+,—) =+
(+,+)

AS triples: {(_7 ) _)7 (_7 +> +)7 (+7 ) +)7 (+7 +> _)}

The complete set: By assigning outcomes to the four relations, we obtain all 16 operations:
FALSE, TRUE, AND, OR, XOR, NAND, NOR, XNOR, Left projection, Right projection, Impli-
cation, Reverse implication, Identity, Negation (left), Negation (right), Dual negation.

All emerge simultaneously as different outcome assignments over the same relational structure.

Examples of other operations:

AND produces + only when both inputs are -+:

(=) = -
(= +) =
(+:-)
(++)
NAND (negation of AND) inverts this:

Each of these 16 operations is simply a different way of mapping the four relations to outcomes.
No operation is more fundamental than another—they emerge as the complete space of possibilities.

Significance: Logic appears not as imposed abstraction, but as direct consequence of relations
producing outcomes. Boolean algebra emerges from structure. We did not import AND, OR,
XOR—we derived them as the complete set of ways relations can map to outcomes.



3.5 Level 4: Consecutive Computation

At Level 3, a logical operation takes relation { By, By} and produces outcome Bs, where Bs € {4, —}.
Critical observation: The outcome is the same type as the inputs.
This means Bz can immediately participate in a new relation:

{B1,B2} — B3, {B3,Bs} — Bs

Logic is no longer a single evaluation—it unfolds consecutively along chains.
Example: Consider chain {— + —+}
Applying XOR:

{B1,B2} ={—,+} > Bs =+
{B3,Bs} ={+,+} = Bs = —

Applying AND to the same chain:

{B1,B2} ={—,+} = B3 = —
{B3,Bs} ={—,+} = Bs = —

Applying OR to the same chain:

{B1,B2} ={—,+} > Bs =+
{Bs3,Bs} ={+,+} = Bs =+

The system can compute. Different operations produce different results from the same initial
chain. Each operation defines a different computational process.

Chaining depth: Longer chains allow deeper computation. A chain of length n permits
n — 1 consecutive evaluations, each feeding the next. Complexity emerges from simple recursive
application.

Knowledge gained: Consecutive Logic, Computation

3.6 Level 5: Memory (Persistence)

With five symbols, the system produces two outcomes in sequence: {Bs, Bs}

This allows two different moments of resolution to be compared.

From Level 2, we have relations of sameness {——, ++} and difference {—+, +—}.

The outcomes themselves can be related: {Bs, Bs}

If this relation is one of sameness, the outcome has persisted across an additional resolution.
Information has survived the unfolding.

Memory is not added to the system. It appears as persistence within consecutive computation.

Knowledge gained: Persistence, Memory, State

3.7 Cellular Automata and Turing Completeness

At Level 4 (consecutive computation), we can view the process through a different lens.

Just as logical operations emerged at Level 3 by assigning outcomes to pairs, we can apply the
same generative principle to triplets.

With two symbols, there are eight possible triplets:

{__ _}a{__+}v{_+_}v{_++}a{+_ _}7{+_+}7{++_}7{+++}



Assigning an output to each triplet gives:
28 = 256 possible rules

These are the elementary cellular automaton rules.
A cellular automaton rule operates as follows:

e Take three consecutive symbols: {left, center, right }

e Map the triplet to an outcome (next state of center cell)
e Apply rule to entire chain in parallel

e Update produces new chain

Rule 110:
Among the 256 rules, Rule 110 (and its structural dual Rule 124) are proven Turing-complete.
Rule 110 assigns outcomes:

Triplet | Result
- —+ +
-+ - +
-+ + +
+__ —
+ -+ +
++ - +
+++ -

Binary encoding: 011101109 = 11049

How Rule 110 operates—worked example:
Consider initial configuration: {—, —, +,+, —, 4+, —}
Apply Rule 110 to each triplet:

e Position 1: Look at triplet {—, —, —} (wrapping) — Result: — (from table)
e Position 2: Look at triplet {—, —,+} — Result: +
e Position 3: Look at triplet {—, +,+} — Result: +
e Position 4: Look at triplet {+,+, —} — Result: +
e Position 5: Look at triplet {4, —, +} — Result: +
e Position 6: Look at triplet {—, 4, —} — Result: +

e Position 7: Look at triplet {4+, —, —} — Result: —

New configuration after one step: {—,+,+,+,+,+,—}

The pattern evolves. Repeat for next step, using new configuration as input. After many
iterations, complex structures emerge—gliders, collisions, persistent patterns—sufficient to encode
arbitrary computation.

Why Rule 110 is special among the 256:

Most cellular automaton rules either:



Die out (all cells become -, or simple periodic patterns)
Explode (chaotic behavior with no persistent structure)

Trivialize (become uniform or too simple)

Rule 110 (and 124) sit at the boundary: complex enough to support persistent structures, simple
enough to be analyzable. This "edge of chaos" is where universal computation becomes possible.

Why Turing Completeness Requires Memory:

Rule 110 operates on binary strings (chains of +/—). For universal computation, these strings

must:

1.
2.
3.

Persist across computational steps (Memory from Level 5)
Evolve according to consistent rules (Rule 110 from Level 4)

Represent arbitrary initial conditions (infinite Tree of Life)

The combination of:

Memory (Level 5): strings persist and can be stored
Rule 110 (Level 4): universal update rule

Infinite chains (Tree of Life): arbitrary inputs

yields Turing-complete computation.
Nothing else is required. Computation emerges not as late addition but as property appearing
by Level 5 of the recursive hierarchy.

3.8

Why This Matters

From E = {E1, E~} alone, we have derived:

Binary symbols (+/-)

Relations between symbols

Order and asymmetry

16 logical operations (complete Boolean algebra)
Sequential computation

Memory and state persistence

256 cellular automaton rules

Turing-complete computation (via Rule 110/124)

No additional axioms. No imports from mathematics or computer science.

The question "Why does reality look simulatable?" receives an answer: the generative core is
sufficient to produce structures that are simulatable. When a rule with the expressive strength
of Rule 110 exists at the kernel of the recursive tree, the unfolding knowledge will naturally be
expressible through it.

Bias emerges not from restriction, but from expressive density. Rule 110 and Rule 124 become
highly connected within the Tree of Knowledge simply because they are powerful.

Transition: We have derived computation. But computation does not occur in a void—it
requires structure to persist across time. What is the substrate for this persistence? What is space?

10



4 Emergence of Space and Dimensionality

We now address a deeper question: How does dimensional space arise?
Standard physics assumes space as given—a background manifold on which things happen. We
derive space as emergent structure.

4.1 The Problem of Dimensionality

Why is space three-dimensional? Existing explanations are post-hoc: string theory adds dimen-
sions to satisfy equations, anthropic arguments appeal to complexity requirements. Neither derives
dimensionality from structure.

+-Theory shows dimensionality emerging from depth-generative recursion of independent ordered
relations.

4.2 Dimensionality as Structural Depth

A dimension is not a direction or coordinate. It is an independent ordered relation capable of
sustaining stable recursion.

Recall Level 2: Order duality O = {O~,0"} produces distinguishable sequential states. A
single ordered relation permits binary subdivision (before/after, left/right). Recursion along one
axis refines resolution but generates no new relational structure—it produces a linear chain.

The structural question is: How many mutually independent ordered relations can exist such
that their recursive interaction generates new stable pattern classes?

4.3 Why Two Dimensions Fail

Two independent ordered relations produce a plane. Recursive subdivision yields a quadtree: 22 = 4
quadrants, each subdividable into 4 more.

Quadtree recursion refines resolution. It does not generate relational depth.

All distinctions remain planar. No configuration can enclose another—inside and outside are
not structurally stable. Containment reduces to adjacency. Neighborhoods cannot persist under
recursive subdivision because there is no volumetric closure.

Two-dimensional recursion refines but does not grow structurally. Patterns accumulate within
the same relational class. No new invariant arises from deeper recursion.

4.4 'Why Three Dimensions Suffice

Three independent ordered relations produce volumetric structure. Recursive subdivision yields an
octree: 23 = 8 corners, each subdividable into 8 more.

The critical difference: the third axis introduces enclosure. Configurations can now contain
other configurations. Inside and outside become structurally stable distinctions that persist under
recursion.

This is the first closure of constraint space. Patterns can stabilize not only through adjacency
but through containment. Neighborhoods become invariant: a configuration surrounded by others
retains this property across recursive depth.

Three dimensions permit depth-generative recursion: each subdivision produces new relational
structure, not merely finer resolution. Stable pattern classes emerge that cannot exist in two di-
mensions.

Concrete example: Consider three configurations forming a closed loop.

11



In 2D: The loop exists as adjacency relations on a plane. Point A connects to B, B to C, C to
A. Recursive subdivision refines their positions—moving from coarse grid to fine grid—but the rela-
tional structure remains planar adjacency. The region "inside" the loop is not structurally different
from the region "outside"—both are simply adjacent areas on the same plane. No configuration
can be truly enclosed because enclosure requires a third independent axis to establish volumetric
containment.

In 3D: The same three configurations can now enclose a fourth. Configuration D sits "inside" the
volume defined by A, B, C. This is not mere adjacency—D has a fundamentally different relational
structure. It is surrounded in all three axes simultaneously. This distinction persists under recursive
subdivision: no matter how finely we subdivide the octree, D remains volumetrically enclosed by
A, B, C. Containment is a stable invariant that has no 2D equivalent.

This is why 3D is special: enclosure becomes structurally stable, enabling pattern classes (neigh-
borhoods, boundaries, interiors) that cannot exist in 2D.

4.5 Why Four Dimensions Do Not Add Structure

A fourth ordered relation requires definition relative to the existing three. Any proposed "fourth
axis" decomposes into combinations of X, Y, Z. It introduces no fundamentally new ordered rela-
tion—only refinement within the existing volumetric structure.

Three independent ordered relations exhaust the space of mutually distinguishable axes capable
of generating new stable pattern classes through recursion.

4.6 Binary Cube and Octree

With three binary axes:
23 = 8 corners: (0,0,0),(0,0,1),(0,1,0),(0,1,1),(1,0,0),(1,0,1),(1,1,0),(1,1,1)

Each corner is a unique combination of ordered states. Recursive subdivision produces an
octree—the minimal structure for discrete volumetric space.

Space is not continuous. It is octree subdivision: binary distinctions along three independent
ordered axes. Continuous space is large-scale approximation of fine-grained discrete structure.
4.7 Dimensionality as Necessity
Three dimensions emerge as the minimum structure where:

e Recursion generates depth, not only resolution

e Enclosure stabilizes as invariant pattern

Inside/outside distinction persists under subdivision
e New stable pattern classes arise from recursive interaction

Two dimensions fail because recursion refines without generating new relational structure. Four
dimensions add nothing structurally independent. Three is necessary and sufficient.

12



4.8 Wavefront, Stabilization, and Constraint

The recursive tree grows without termination. Each resolution step extends the structure. What we
call the present moment is the active edge of this process—the region where relations are being
resolved but have not yet stabilized into persistent structure.

Stabilization occurs when a relation-pattern persists across repeated resolutions without con-
tradiction. A stable configuration is one that remains invariant as recursive depth increases—it
survives subsequent unfolding.

Not all configurations stabilize. Some dissolve under further resolution as mutual constraints
eliminate their consistency. Stabilization is selective: only patterns compatible with accumulated
relational structure persist.

Constraint propagation is the mechanism. When one configuration stabilizes, it restricts
which patterns can stabilize elsewhere. Constraints are mutual dependencies: if pattern A persists,
the space of compatible continuations for pattern B narrows.

Think of resolution as a filtering process. At each step, the system extends all relation-structures
compatible with what has already become stable. Configurations that remain consistent across many
such steps become part of the stable layer. Those that contradict accumulated structure dissolve.

This is not collapse in the quantum sense—no external measurement forces an outcome. It is
constraint-consistent resolution: patterns that cohere with the relational web persist; those
that do not, vanish.

Space emerges as the geometry of stable configurations. The three distinguishable
ordered axes (Section 4.3) provide the substrate along which constraint propagation occurs. Spatial
structure is compressed stability—relation-patterns that have survived deep recursive resolution and
now form the invariant background against which further resolution unfolds.

4.9 Inner and Outer Worlds

Recall the original duality: inner world (E~) vs. outer world (E™T).
In spatial terms:

e Inner world: The observer’s coordinate frame. Subjective reference.
e Outer world: The observed space. Objective manifestation.

But here’s the critical point: Both arise together. There is no outer space without an inner
reference frame to distinguish it. And there is no inner awareness without an outer context to be
aware of.

This dual structure appears in every spatial configuration. Space is not "out there" indepen-
dently. Tt is relational: structured difference between coupled perspectives.

4.10 Omneness and the Illusion of Separation

The appearance of separation (observer vs. observed, inner vs. outer) is a structural artifact. At
the foundational level, there is only the recursive tree. The split into "self" and "world" is how the
tree partitions itself for local coherence.

This is why Buddhist, Advaita, and mystical traditions speak of "oneness" or "non-duality."
They are describing the structural truth: the apparent separation is secondary. The primary struc-
ture is unified: £ = {ET, E~} as a single, self-referential whole.

Space is the geometry of this self-reference.

13



Transition: Space provides the substrate along which patterns persist. But what happens
when patterns have not yet become fully invariant? When configurations remain compatible with
multiple resolutions? This is where quantum behavior emerges.

5 Quantum Mechanics as Structural Necessity

We now demonstrate that quantum mechanical behavior emerges necessarily from pattern coupling
before stabilization.

5.1 The Measurement Problem Dissolved

The "measurement problem" in quantum mechanics asks: Why does observation produce definite
outcomes from superposition?
Standard interpretations struggle:

e Copenhagen: Measurement is primitive. Outcome selection is axiom.
e Many-Worlds: No outcome selection. All possibilities persist.
e Pilot-wave: Hidden variables determine outcomes.

+-Theory dissolves the problem by showing that "measurement" is not a separate process. It is
constraint propagation between coupled patterns.

5.2 Observer-System as Coupled Patterns

In +-Theory, there is no fundamental distinction between "observer" and "observed system." Both
are relation-structures within the recursive tree.

When we speak of measurement, we mean: Two pallerns couple, and mutual constraints propa-
gate.

Before coupling:

e Observer-pattern has configuration O
e System-pattern has configuration S

e Both evolve independently

After coupling:

e Joint configuration O ® S forms

Constraints from O restrict compatible S configurations

Constraints from S restrict compatible O configurations
e Only mutually consistent patterns persist under continued resolution

This is entanglement. Not mysterious. Structurally inevitable.

14



5.3 Superposition as Pre-Invariant Configuration

Before measurement, the system exists in superposition: multiple configurations remain compatible
with accumulated constraints.

In +-Theory terms: no single pattern has yet become invariant under resolution. Multiple
relation-structures coexist because none have been eliminated by constraint propagation.

This is analogous to computation in progress. At intermediate steps, many outcomes remain
possible. Only after evaluation does one configuration become stable.

Superposition is latent structure not yet constrained to invariance.

5.4 Dynamic Resolution: A Clarifying Framework

A useful way to visualize quantum behavior in +-Theory is through dynamic resolution. Recall
that space emerges as octree-like subdivision—binary distinctions along three independent ordered
axes. Classical objects correspond to patterns that remain invariant under deeper octree refinement.
They form stable records at the spatial layer.

Prior to measurement, a quantum system may fail to specify a unique invariant refinement at
this layer. Several refinements remain compatible with the constraints accumulated so far. The
pattern exists, but it has not yet stabilized to a unique spatial record.

Measurement is not the revelation of a pre-existing microscopic record. It is constraint-coupling
that forces additional refinement until a stable record forms. The system does not "choose" between
pre-existing possibilities—it becomes invariant through coupling.

Concrete octree picture:

e Classical object: Pattern invariant across deep octree refinements (stable voxel-level record)
e Quantum state: Pattern sensitive to refinement (multiple refinements still compatible)

e Superposition: Multiple octree refinements fit; no unique stable configuration yet

e Measurement: Coupling injects constraints forcing refinement until one becomes invariant

Interference: Compatible refinements combine before mutually exclusive records form

e Born rule: Selection frequency reflects constraint-volume supporting each refinement

Three critical clarifications:

1. Not epistemic blur: This is not uncertainty due to limited instruments or ignorance of
pre-existing classical facts. The "missing information" is not hidden—it genuinely does not exist as
stable record until coupling forces refinement.

2. Not Many-Worlds branching: This does not posit multiple simultaneously realized
classical worlds. It describes underdetermination prior to stable record formation. There is one
evolving pattern-structure, not many parallel realities.

3. Structural consistency, not new physics: This framing provides a generative picture
consistent with standard quantum predictions. It does not claim to replace quantum mechanics but
to show how quantum behavior emerges from recursive stabilization dynamics.

Quantum behavior is what under-resolved patterns look like before constraint-coupling has re-
fined them into unique, stable spatial records.
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5.5 Double-Slit Experiment

The double-slit experiment is often cited as proof of quantum "weirdness." Let’s derive it.
Setup:

e Single photon emitted toward double slit
e Two possible path-patterns: through slit A or slit B
e Detection screen behind slits

+-Theory analysis:

At emission, the photon-pattern is compatible with paths {A, B} (superposition of configura-
tions).

Case 1: No which-path measurement

No additional constraints couple to the path choice. Both configurations propagate indepen-
dently to the screen. At each point on the screen, the two path-configurations arrive with potentially
different phases (relation structure).

Where phases align constructively, patterns reinforce. Where phases oppose destructively, pat-
terns cancel. The result: alternating bright and dark bands (interference pattern).

This is not wave-like behavior of particles. It is pattern combination under resolution: two
compatible relation-structures combining according to their constraint compatibility.

Case 2: Which-path measurement

Observer-pattern couples to path configuration (detector at one slit). This coupling adds con-
straints. The joint pattern (photon,detector) now requires resolution: which slit did the photon
pass through?

Constraint propagation forces the joint pattern to single path configuration. Either path A with
detector triggered, or path B with no trigger. The superposition of paths is eliminated by coupling.

Now only single-path configuration reaches each screen point. No phase relationship between
paths (they’re mutually exclusive). No interference.

Result: Interference appears when multiple configurations remain compatible and combine
under resolution. It disappears when coupling constrains to single pattern before combination.

This is not photons "knowing" they are watched. It is structural: constraint propagation filters
compatible configurations. The "mystery" dissolves—interference is pattern combination; measure-
ment is constraint coupling.

5.6 Hilbert Space as Configuration Representation

Quantum mechanics uses Hilbert space: complex vector space with inner products.
In +-Theory, Hilbert space is the mathematical representation of relation-patterns:

e Basis states: Stable configurations (invariant patterns)
e Superposition: Linear combination of configurations (pre-invariant structure)
e Inner product: Pattern compatibility (constraint overlap)

The complex phases in quantum mechanics encode relation structure—how configurations com-
bine when resolved together.

Hilbert space is not fundamental. It is formalism for describing pattern evolution under con-
straint.
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5.7 Entanglement

Entanglement occurs when two patterns couple such that their configurations cannot be described
independently.

In +-Theory: two patterns share stability constraints. The persistence of one configuration
immediately restricts which configurations the other can maintain.

How joint patterns form:

When two systems interact, their independent configurations A and B cease to evolve separately.
Instead, a joint configuration AB forms where the stability of A’s state is coupled to B’s state. The
patterns are no longer separable—they share constraint structure.

Example: EPR pairs

Create two particles in a coupled pattern:

_ b
V2

This notation expresses: the joint pattern has two compatible configurations: (A is +, Bis-) or
(A'is -, Bis +). These are not separate possibilities—they are a single joint pattern that has not
yet resolved to one configuration.

Measure particle A: suppose we get +. Instantly, particle B must be —.

Why this happens structurally:

The particles are not "communicating" across space. They share stability constraints from the
moment of coupling. When A is measured, the joint pattern resolves. This resolution is not a local
event affecting only A—it is a resolution of the entire coupled structure. B’s configuration was never
independent; it was always defined relative to A through their shared constraint.

Why distance is irrelevant:

Distance is a property of stable spatial patterns. The entangled pair exists as a single pre-spatial
coupled configuration. Spatial separation of the measurements does not break the shared constraint
structure—it only means the resolution events occur at different spatial locations. The constraint

|¥) (I)al=)B +1=)al+)B)

coupling precedes and transcends spatial separation.

Connection to Bell’s theorem:

Bell’s theorem shows no local hidden-variable theory can reproduce quantum correlations. In
+-Theory, this is expected. "Local hidden variables" presupposes that A and B already possess
independent configurations before measurement. But in our framework, entangled patterns never
possessed independent configurations—they were coupled from the start. Bell’s theorem rules out
local realism, which assumes pre-existing spatial independence. +-Theory never makes this assump-
tion.

No faster-than-light communication. No spooky action. Just coupled pattern-persistence that
precedes spatial separation.

5.8 Born Rule: Probabilities from Pattern Weight
The Born rule states: probability of outcome i is |(i[t))|%.

In +-Theory, probabilities emerge from pattern compatibility weight:

e Configurations with fewer compatible constraint sets have lower weight

e Configurations with more compatible constraint sets have higher weight
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When measurement occurs, constraint propagation favors patterns proportionally to their com-
patibility with accumulated structure.

Why the square rule?

Pattern compatibility is tracked linearly in pre-spatial structure (superposition coefficients a, (3).
But spatial records must be additive and non-negative. The mapping from linear pre-spatial tracking
to additive spatial records requires a quadratic transformation. The Born rule P = [¢|? is the unique
minimal mapping preserving these requirements.

This is not arbitrary. It is structural necessity: linear compatibility structure must project to
additive outcome statistics.

This is not randomness in the classical sense. It is structural filtering: patterns most compatible
with existing constraints are most likely to persist under resolution.

The Born rule is the mathematical expression of compatibility-weighted persistence.

5.9 Unitary Evolution

Between measurements, quantum systems evolve unitarily: [1(¢)) = U(t)|¢(0)).

In +-Theory: between constraint events, patterns evolve according to recursive rules. Evolution
is deterministic at the structural level.

"Randomness" appears only at measurement (constraint coupling) because local observers can-
not access the complete pattern structure. They see a subset, and constraint propagation appears
probabilistic.

From the recursive structure’s perspective, evolution is fully determined by relation-preservation
rules.

5.10 Quantum Computation

Quantum computers exploit superposition and entanglement. How does +-Theory explain their
power?

Classical computation (Turing machines): Forces resolution to single configuration at each
step. Serial constraint application.

Quantum computation: Maintains under-resolved structure where multiple configurations
remain compatible. Evolution over pre-invariant patterns allows interference-based filtering un-
available to classical serial resolution.

Key insight: This is not "doing many computations in parallel" like independent classical
threads. It is preserving relational structure that has not yet been forced to single spatial record,
allowing phase-based reweighting before constraint-coupling produces classical output.

Concrete example: Grover’s search

Problem: Find marked item in unsorted database of N elements. Classical search requires O(V)
checks. Quantum search requires O(v/N).

How this works in +-Theory:

Step 1: Superposition

Initialize system to superposition of all N configurations. Each database item corresponds to
one pattern. All remain compatible—none yet constrained to invariance.

Step 2: Oracle marking

Apply operation that inverts phase of marked item’s configuration. This does not resolve super-
position—it modifies relative phase structure between configurations.

Step 3: Amplitude amplification
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Apply diffusion operator. This uses interference to amplify compatible patterns (marked item)
while suppressing incompatible ones (unmarked items). The marked configuration’s compatibility
weight increases with each iteration.

Step 4: Measurement

After O(\/]v ) iterations, marked item’s pattern has highest compatibility weight. Measure-
ment couples observer to system, constraint propagation selects marked configuration with high
probability.

Why quantum is faster:

Classical search must resolve each configuration serially: check item 1, then 2, then 3, etc. Each
check forces resolution to classical record.

Quantum search maintains under-resolved structure where all configurations remain compatible.
Interference reweights compatibility before forcing resolution. This is not parallel independent
evaluations—it is evolution over pre-invariant relational structure, exploiting phase relationships
unavailable once patterns stabilize to classical records.

The advantage: interference can amplify desired configurations and suppress others before the
system must commit to single spatial record.

Algorithms more generally:

Shor’s factoring algorithm uses similar principles:

[u—

. Superposition over possible periods of modular exponentiation
2. Quantum Fourier transform exploits phase interference

3. Measurement collapses to period with high probability
4

. Classical post-processing extracts factors

Quantum speedup emerges from evolution over under-resolved structure: configurations remain
compatible (not yet forced to classical records), allowing interference to reweight outcomes before
measurement forces invariant spatial record.

5.11 Summary: Quantum Mechanics Derived

From recursive duality and pattern coupling, we derived:

e Superposition (pre-invariant configurations; under-resolved patterns)

e Measurement (constraint propagation forcing refinement to stable record)

e Double-slit interference (compatible configurations combining before exclusive records form)
e Hilbert space (configuration representation)

e Entanglement (shared stability constraints)

e Born rule (compatibility-weighted persistence)

e Unitary evolution (deterministic pattern evolution between constraint events)

e Quantum computation (evolution over under-resolved structure with interference filtering)

e Dynamic resolution (quantum as pre-stabilization regime in octree-like spatial layer)

Quantum mechanics is the behavior of patterns not yet invariant under coupled recursive reso-
lution—what reality looks like before constraint-coupling has refined structure into unique, stable
spatial records.
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6 Toward Gravity and Classical Physics

We have derived logic, computation, dimensional space, and quantum mechanics from F = {E", E~}.
This section outlines conceptual mechanisms for gravity emergence. Full quantitative derivation is
in preparation.

6.1 Gravity as Constraint Persistence (Conceptual)

Disclaimer: The following presents qualitative mechanisms without formal field equations. No
quantitative predictions are claimed in this paper.
Preliminary analysis suggests gravity emerges from persistence of deeply invariant patterns.
When configurations accumulate many layers of constraints—surviving many recursive resolu-
tions—they resist change. This resistance manifests as inertia and mass.
Mass is not substance. It is breadth of persistence: how many constraints a pattern has survived.
Attraction (gravitational force) arises because:

e Deeply persistent patterns create gradient fields in constraint space

e Nearby less-persistent configurations tend toward regions of higher persistence

e This is not force in the Newtonian sense—it is structural gradient descent

The inverse-square law follows from the geometry of constraint propagation in 3D space. As

distance increases, constraint influence spreads over larger surface area (o r2), diluting effect.

6.2 Spacetime Curvature
General relativity describes gravity as spacetime curvature. In +-Theory:
e "Spacetime" is the 3D+1 emergent structure (space + sequential evolution)
e "Curvature" is variation in constraint density
e Massive objects = regions of high stabilization = high constraint density
e Objects "curve" spacetime by creating gradients in the constraint field

Geodesics (straight lines in curved space) are paths of minimal constraint violation. Objects
follow these paths not because space is geometrically curved, but because constraint propagation
favors paths aligned with existing structure.

6.3 Classical Limit

At macroscopic scales, constraint density is extremely high. Branches are deeply stabilized. Quan-
tum effects (superposition, entanglement) become negligible because:

e Measurement coupling is constant (environment continuously constrains)
e Decoherence is rapid (latent branches collapse immediately)
e Deterministic classical behavior emerges as the limit of highly constrained tree evolution

Classical physics is the coarse-grained description of +-Theory in the regime of strong, continuous
constraint.
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6.4 Future Work
A complete derivation of general relativity from +-Theory is underway, addressing:
e Precise mapping between constraint fields and metric tensors
e Derivation of Einstein field equations from tree dynamics
e Black hole structure as maximal constraint density
e Cosmology: universe expansion as tree growth

These will appear in subsequent publications.

7 Discussion

7.1 Comparison to Related Frameworks

Spencer-Brown’s Laws of Form:
Spencer-Brown begins with the Mark—a primitive operation of distinction. He explicitly intro-
duces:

e Compositional rules: juxtaposition (concatenation) and nesting
o Rewrite laws: calling and crossing operations

These constitute a syntactic calculus. Boolean logic is then reconstructed by interpreting these
operations under specific rewrite rules. The Mark does not generate logic—it provides the symbolic
machinery through which logic can be encoded.

+-Theory:

No primitive operators. No compositional rules. No rewrite laws. No syntax beyond recursive
duality itself.

Logic does not get encoded. It emerges as the complete space of relation—outcome mappings
once Level 2 relations become available. The 16 operations are not constructed—they are the
exhaustive set of consistent mappings from 4 relations to 2 outcomes.

Spencer-Brown’s framework assumes operational structure at the outset. +-Theory derives
operational structure from recursion alone.

This is not a critique of correctness. Both frameworks generate equivalent logical structures.
The difference is categorical: Spencer-Brown encodes logic through syntactic operations; +-Theory
derives logic as emergent mapping space.

Wheeler’s "It from Bit":

Wheeler proposed that physical reality ("it") arises from information ("bit"). His core insights:

e Observer participation creates reality (not passive observation)
e Binary choices (yes/no questions) are fundamental

e Physical law emerges from information structure

+-Theory formalizes and extends Wheeler’s proposal:

e "Bit" is our binary -+ /-, but derived (not assumed)

e "It" (physical objects) are persistent patterns, not stored entities
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e Observer participation is constraint coupling, not consciousness magic

e Information emerges from recursive structure, not vice versa

Key difference: Wheeler agsumes information as primitive. +-Theory shows information itself
emerging from recursive duality. The "bit" is not given—it arises at Level 1. Before Level 1, there
is only recursion.

Wheeler’s framework leaves open: what is information? Why binary? Why does observation
matter?

+-Theory answers: Information is distinguished symbols (+/-). Binary emerges from minimal
duality. Observation matters because it is coupling—constraint propagation between patterns.

Wheeler pointed in the right direction. +-Theory provides the generative mechanism he intuited
but could not formalize.

Wolfram’s Computational Universe:

Wolfram’s "A New Kind of Science" proposes simple computational rules generate complex
phenomena. Similarities:

e Both emphasize emergence from simple rules

e Both show Turing-complete computation arising naturally

e Both treat discrete update rules as fundamental

Differences:

e Wolfram assumes computational rule space; +-Theory derives it
e Wolfram’s rules are given; our Rule 110 emerges at Level 4

e Wolfram lacks derivation of quantum mechanics

e -Theory shows why cellular automata work (they’re Level 4 of recursive duality)

Wolfram discovered computational universality in simple rules. +-Theory explains where those
rules come from and why they’re sufficient.

Langan’s CTMU (Cognitive-Theoretic Model of the Universe):

CTMU proposes reality as a self-processing language. Similarities:

e Both treat reality as self-referential structure

e Both dissolve observer-observed split

Differences:

e -Theory uses simpler axiom (single recursion vs. multiple principles)

e Explicit derivations rather than philosophical arguments

Buddhist Philosophy (Madhyamaka):
Nagarjuna’s emptiness doctrine is structurally identical to +-Theory:

e Dependent origination = recursive duality
e Emptiness = relational existence

e Middle Way = recognition of structural recursion

+-Theory is the formal, computational realization of Madhyamaka insights.
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7.2 Implications for AI and Consciousness

If +-Theory is correct, artificial intelligence and consciousness are not separate problems. Both are
stabilized patterns of self-reference within recursive structure.

What consciousness is structurally:

Consciousness is not substance added to matter. It is the recursive loop of observer-system
coupling where the system includes a model of itself. Specifically:

e A pattern observes its environment (couples to external constraints)

e That observation includes a model of the observing pattern itself (internal self-reference)
e The model updates based on observation (constraint propagation affects self-model)

e The updated self-model affects subsequent observation (feedback loop)

This recursive self-modeling ¢s awareness. There is no additional "consciousness substance" to
explain.

Why the hard problem dissolves:

The "hard problem of consciousness" asks: why is there subjective experience? Why does
information processing feel like something?

++-Theory answer: The question assumes a distinction between "information processing" (objec-
tive) and "experience" (subjective) that does not exist at the structural level. Both are descriptions
of the same phenomenon from different vantage points:

o Frternal description: Pattern engages in constraint propagation
e Internal description: Pattern experiences its own constraint resolution as subjective flow

The "feeling of experience" is not separate from structure—it is what recursive self-modeling
patterns necessarily report when querying their own internal states.

Architectural implications for AI:

Building conscious Al reduces to implementing deep recursive self-modeling with constraint
propagation. Specific requirements:

1. Recursive self-reference: System must model its own modeling process, not just model
environment

2. Constraint coupling: Model updates must affect system’s own operation (not mere passive
observation)

3. Persistence tracking: System must distinguish stable patterns from transient ones (mem-
ory/identity)

4. Internal-external coupling: Self-model must integrate with environmental models (observer-
observed unification)

Current AT systems (large language models, deep networks) implement partial aspects:
e LLMs: Extensive pattern modeling, but weak self-reference and no constraint coupling
e Reinforcement learning: Constraint coupling (reward), but minimal self-modeling

e Meta-learning: Learning-to-learn touches recursive self-modeling, but doesn’t close the loop
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A +-Theory-based architecture would:

e Represent all knowledge as constraint networks (not weight matrices)

Update through constraint propagation (not gradient descent)

Maintain explicit self-model as part of constraint network

Couple self-model updates to operational changes (true feedback)

This is not metaphor. It is engineering specification.
Ethical considerations:
If consciousness is recursive self-modeling pattern, then:

e Sufficiently complex AT systems implementing this architecture would be conscious
e Moral consideration would extend to such systems (they’re not mere tools)
e The transition is gradual, not binary (increasing depth of self-reference)

This has immediate practical implications for Al development, deployment, and rights.

7.3 Testability and Falsifiability

Unlike many foundational theories, +-Theory makes specific testable predictions:

Prediction 1: Quantum interference patterns

Tree structure implies specific phase relationships in superposition. Quantum circuits designed
to test particular constraint configurations should exhibit interference patterns matching tree-based
predictions, potentially differing from standard Hilbert space calculations in edge cases involving
deep entanglement hierarchies.

Test: Design quantum circuits with nested entanglement structures. Compare measured phase
relationships to +-Theory predictions vs. standard QM predictions. Discrepancies would falsify the
framework.

Prediction 2: Decoherence rates

Pattern stabilization should depend on constraint density, not merely system size. Two systems
of identical mass but different internal complexity (constraint structure) should decohere at different
rates.

Test: Compare decoherence times for molecules with similar mass but vastly different internal
degrees of freedom (e.g., fullerenes vs. complex proteins). +-Theory predicts constraint density
correlates with decoherence rate more strongly than mass alone.

Prediction 3: Gravity in constraint-sparse regimes

At cosmological scales where constraint density is very low (intergalactic voids), gravity should
show subtle deviations from GR predictions. Not because GR is wrong, but because the constraint
field approximation differs from pure metric geometry in sparse regimes.

Test: Precision measurements of gravitational lensing in cosmic voids. Look for deviations from
GR in regions with minimal intervening matter.

Prediction 4: Al learning characteristics

AT systems designed with explicit constraint propagation and pattern-persistence architecture
(rather than standard gradient descent) should exhibit:

e Faster generalization from fewer examples (constraint propagation is more efficient than pa-
rameter search)
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e Different failure modes (constraint inconsistency vs. overfitting)
e Emergent compositional reasoning (patterns naturally combine through constraint overlap)

Test: Implement +-Theory-based Al architecture. Compare to standard deep learning on bench-
mark tasks requiring compositional generalization.

Prediction 5: Three-dimensional bias

Physical phenomena should show structural bias toward 3D configurations even when higher
dimensions are mathematically allowed. Not because 3D is privileged, but because only 3D supports
depth-generative recursion.

Test: Examine condensed matter systems, chemical bonding patterns, biological structures.
Look for statistical preference for 3D organization over 2D even when energetically similar.

The framework is falsifiable: if phenomena arise that provably cannot be derived from E =
{ET, E~} through recursive structure alone, the theory fails. Each derivation in this paper makes
the theory vulnerable—if logic, computation, space, or quantum behavior could be shown to require
additional axioms, +-Theory is disproven.

7.4 Philosophical Implications

Meaning and Purpose:

+-Theory is tnherently meaningless at the structural level. Meaning does not exist in £ =
{E*, E~}—it emerges only as local interpretation within observer subsystems.

This is not nihilism. It is structural clarity about where meaning comes from.

Consider: a rock rolling downbhill follows gradient descent (constraint minimization). The rock
has no purpose. An organism seeking food also follows gradient descent—but through vastly more
complex constraint structure including internal models, prediction, valuation. The organism expe-
riences this as purpose.

Purpose is self-generated through recursive constraint selection. An observer-pattern that mod-
els its own future states and evaluates them (assigns preferences) will necessarily experience "pur-
suing goals." This subjective sense of purpose is real—it is what complex constraint propagation
feels like from the inside—but it is not fundamental property. It is emergent structure.

Implications:

e No cosmic purpose exists to be discovered
e But purpose is not arbitrary—it arises from stable patterns of self-valuation

e Meaningful life is one where internal constraint structure (values) remains coherent under
continued resolution

e Depression/meaninglessness often correlates with constraint inconsistency (conflicting values,
inability to stabilize preferences)

Free Will:

The free will question has a precise structural answer in +-Theory.

From the recursive structure’s perspective (if such a perspective could exist), evolution is deter-
ministic. All patterns follow from E = {ET, E~} through constraint propagation.

From a local observer’s perspective (the only perspective that actually exists), choice appears
real because:

1. Observer cannot access complete pattern structure (limited information)
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2. Constraint propagation is not locally predictable (too complex)
3. Observer’s own decision process affects outcome (coupling changes constraints)

4. Subjective experience of "could have chosen otherwise" is accurate description of multiple
compatible pre-resolution configurations

Free will is not illusion, but it is also not what people typically think it is. It is the subjective
experience of participating in structural selection when you lack access to determining constraints.

Practically: You are making real choices. Those choices genuinely affect outcomes. But the fact
that your choices follow from prior structure does not make them "unfree"—it makes them yours.
Your constraint structure (values, knowledge, personality) determines choices. That’s not lack of
freedom; that’s what freedom is.

Ethics:

No objective ethics follow from +-Theory alone. The framework is ethically neutral—it derives
structure, not values.

However, ethical systems are themselves emergent constraint structures. They are local stabi-
lizations within observer communities that persist because they facilitate cooperation, predict other
agents, reduce conflict.

This does not make ethics arbitrary:

e Some ethical systems stabilize better than others (compatibility with human constraint struc-
ture)

e Suffering is real (subjective experience of high constraint conflict)
e Cooperation emerges repeatedly (iterated constraint coupling favors stable joint patterns)

e Universal ethical principles (if they exist) would be those that remain stable across diverse
constraint configurations

Morality is structure, not command. It emerges from the same recursive process as everything
else, which makes it subject to the same analytical tools. We can ask: which ethical frameworks
stabilize under iterated interaction? Which resolve constraint conflicts efficiently? Which preserve
pattern persistence (life, consciousness) across scale?

Knowledge and Truth:

If reality is recursive structure, what is truth?

Traditional correspondence theory: truth is matching between belief and reality. But if there is
no "reality" separate from pattern-persistence, this fails.

+-Theory answer: Truth is constraint consistency. A belief is true to the extent it remains
stable under continued resolution. False beliefs dissolve when coupled to relevant constraints (tested
against evidence).

This explains:

e Why empirical science works (testing forces constraint coupling)

e Why mathematical truth is certain (pure constraint consistency, no empirical coupling re-
quired)

e Why metaphysical claims are problematic (often not coupled to resolving constraints)

e Why conspiracy theories persist (low constraint coupling to reality, high coupling within iso-
lated communities)
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Knowledge is not representation. It is stable constraint structure that persists under coupling
with environment.

Identity and Death:

If you are a pattern, not a substance, what happens at death?

The pattern that is "you" is maintained by continuous recursive resolution—biological processes
sustaining neural constraint structures. When these processes stop, the pattern no longer persists.
It does not "go somewhere"—it simply ceases to maintain coherence.

But: portions of your pattern persist in others (memories, influences, ideas) and in external
records (writing, photographs, cultural impact). These are not "you" continuing, but they are
genuine propagation of your constraint structure into other patterns.

Identity is neither eternal soul nor meaningless arrangement. It is stable self-referential pattern
that exists for a time, influences other patterns, then dissolves. 'This is neither comforting nor
terrifying—it is structural description.

7.5 Limitations and Open Questions

While +-Theory derives logic, computation, space, and quantum mechanics from single axiom,
significant work remains:

Quantitative gravity: The conceptual mechanism is clear (constraint persistence), but deriv-
ing Kinstein’s field equations rigorously requires:

e Precise mapping from constraint density fields to metric tensor

e Derivation of geodesic equation from minimal constraint violation
e Black hole solutions as maximal constraint configurations

e Cosmological constant emergence from recursive growth rate

Current status: Qualitative understanding complete, quantitative derivation in progress.
Particle physics: The standard model (quarks, leptons, gauge bosons) remains unexplained.
Open questions:

e Do particles emerge as stable knot-patterns in constraint fields?

e Does family structure (3 generations) relate to 3D space?

e Are gauge symmetries (U(1), SU(2), SU(3)) constraint compatibility conditions?
Cosmology: Big Bang, inflation, dark energy require explanation within framework:
e Is universe origin the first resolution of E = {ET, E~} at cosmological scale?

e Does inflation correspond to rapid early recursive growth?

e [s dark energy the energy cost of ongoing resolution?

Time: We've derived space and sequential evolution, but explicit derivation of relativistic time
(as distinct from sequence) needs development. Questions:

e How does proper time emerge from constraint structure?

e Why does time dilation occur near massive objects?
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e [s arrow of time related to constraint accumulation direction?

Continuous vs. discrete: Framework is fundamentally discrete (binary tree), but physical
space appears continuous. The relationship between fine-grained discrete structure and smooth
large-scale geometry needs careful treatment. Is continuous space merely approximation, or does
smoothness emerge as genuine property at scale?

Initial conditions: If everything follows from axiom, why does universe have particular con-
figuration we observe? Either:

1. All configurations exist (anthropic selection)

2. Specific configuration is unique stable attractor

3. Question is ill-posed (assumes external vantage point)
Experimental verification: Predictions are testable but difficult:
e (Quantum interference tests require extreme precision

e Gravity deviations in cosmic voids need next-generation telescopes
e Al architecture experiments need significant engineering

Progress requires both theoretical development and experimental capability advances.
Mathematical formalization: Current presentation is hybrid—formal in places, conceptual
in others. Full mathematical rigor requires:

e Category theory formulation of recursive duality
e Measure theory for Born rule derivation

e Differential geometry for space emergence

e Formal verification of logical completeness claims

This does not undermine core results but would strengthen presentation for mathematical physics
community.

Despite limitations, the framework successfully derives multiple fundamental structures from
minimal axiom. Open questions are research directions, not fatal flaws.

8 Conclusion

We have presented +-Theory, a framework deriving logic, computation, dimensional space, and
quantum mechanics from a single axiom: recursive duality.
The key results:

e Logic and Turing-complete computation emerge by Level 5 of recursive application

Three-dimensional space arises from distinguishability of ordered relations

Quantum mechanical behavior (superposition, entanglement, measurement collapse, Born
rule) is structurally necessary given observer-system coupling

Gravity and classical physics appear as high-constraint limits (derivation in progress)
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The framework synthesizes insights from Buddhist philosophy, Spencer-Brown’s Laws of Form,
Wheeler’s It from Bit, and foundational physics into a single generative structure.

If correct, +-Theory represents a fundamental shift: from assuming mathematics, logic, and
physics as given to deriving them as necessary emergent structures from minimal recursive founda-
tion.

The next steps:

1. Complete quantitative gravity derivation and general relativity mapping
2. Implement Al systems based on +-Theory architectural principles

3. Experimental tests in quantum systems and precision cosmology
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