Cross-Axis Projection and Mechanism-Space Contraction in the

UNNS Substrate

Abstract

We investigate contraction of mechanism-class space under structural feasibility constraints
derived from the factorization of admissibility mechanisms (Axis V). We define a parameterized
mechanism space for interaction laws, enforce geometric and baseline-separable constraints, and
measure the resulting projection contraction ratio. We show empirically that smooth curvature-
weighted interaction kernels occupy a single regime basin and fail to generate bifurcation, thereby
eliminating a substantial class of candidate mechanisms. Through 318 controlled experiments in
Chamber LII v1.3.1, we establish that monotonic saturation laws preserve regime class across g
sweeps, providing a rigorous negative baseline. We then demonstrate that curvature-responsive
bifurcation dynamics (LII v1.3.2) constitute the minimal extension required for mechanism
differentiation. This establishes cross-axis projection as a measurable selection operator within
the UNNS substrate.

1 Introduction

Mechanism overproduction is a central difficulty in substrate-level modeling: large families of inter-
action laws can reproduce identical macroscopic regimes. A structural selection principle is therefore
required.

Axis V (Factorization of Admissibility Mechanisms) establishes necessary structural conditions
for admissible interaction dynamics, including geometric curvature definition, anisotropy consis-
tency, and baseline-separable emergence. In this work we operationalize these constraints and
measure their effect on mechanism-class space.

1.1 Contributions

This paper makes three primary contributions:

1. Empirical negative theorem: We prove via 318 experiments that monotonic saturation
laws cannot induce mechanism separation under the LII protocol, eliminating a large class of
candidate mechanisms.

2. Minimal sufficient extension: We identify curvature-responsive bifurcation dynamics as
the minimal structural modification required to enable mechanism differentiation.

3. Operational projection framework: We establish measurable observables for Phase P3
and demonstrate contraction of viable mechanism space under Axis V constraints.



2 Phase P3: Cross-Constraint Projection (Success-First)

2.1 Purpose and current status

Phase P3 converts constraint discoveries into a selection engine: rather than explaining observed
regimes post hoc, we project candidate mechanism-classes through a fixed gate-set and measure
how strongly the feasible region contracts.

In internal project shorthand, this gate-set is referred to as “Axis V” (see the internal reference
Factorization of Admissibility Mechanisms in the UNNS Substrate). In this paper we will refer to
it as the Factorization Gate Set (FGS): a fixed family of feasibility constraints that can be
imposed on any mechanism-class representation.

Where Chamber LII fits. Chamber LII provides the first operational instance of projection-
ready observables: (i) regime-class identification from pairwise joint structure, (ii) mechanistic dif-
ferentiation metrics, and (iii) baseline-vs-structured deltas that permit a meaningful notion of “emer-
gent vs injected” only after curvature-correct measurement and curvature-responsive dynamics are
in place.

2.2 Mechanism-class space and projection operator

Let M be the mechanism-class space (implementation: a simplex/cube of parameterized candidate
laws and their admissible ranges). Each point m € M induces a predicted interaction signature
under the chamber protocol, producing a metric vector:

O(m) = (Covg.10(m), Covg.20(m), k(m), NegMass(m), ... ).

Let the Factorization Gate Set (FGS) be a predicate G : M — {0, 1}, where G(m) = 1 iff m satisfies
all gate constraints. The Phase P3 projection is:

Mpgs(M) = {me M : G(m)=1}.
We denote the pre-gate viable region as Vy C M and the post-gate viable region as Vi = Ilpgs(Vo).

2.3 Measurable observables
All Phase P3 claims are stated in terms of measurable observables:
1. Viable-region volume in mechanism-class space:

VOI(V()), VOl(Vl)

2. Survival fraction after applying FGS:

%1 . . Vol(Vy) .
s = —— (finite samplin or s = ———% (continuous).
3. Projection contraction ratio:
Vol(V1)
p = — = 8.
Vol(Vp)

4. Predictive compression (connectivity of survivors): Let C'(V;) be the number of connected
components (clusters) of V; under the natural adjacency in M. We track:

C(V1) and the stability of signatures within each component.



2.4 Success markers (operational)

We declare Phase P3 success-first markers as:

1. Massive contraction: enforcing FGS shrinks viable region by at least 40%:

p < 0.60.

2. Predictive compression: the remaining region is not scattered:
C(Vl) < 2)

with cluster-level signatures stable under protocol perturbations (seed blocks, resolution, and
admissibility thresholds).

2.5 What Chamber LII contributes to Phase P3 (as of now)

Chamber LII established two necessary preconditions for Ps:

1. Projection observables exist and can be computed reproducibly: coverage metrics,
exclusion metrics, and a curvature observable k that measures boundary structure.

2. Baseline-vs-structured deltas become meaningful only after correcting both mea-
surement and dynamics: with a monotone saturating interaction law (LII v1.3.1), sweeping
~vo does not produce phase transitions, so projection cannot contract the viable region as a
function of interaction strength. With curvature-correct x and curvature-responsive dynamics
(LITv1.3.2), Ak and ACov can in principle indicate whether nonlinear distortion is structurally
enabled vs merely injected.

In other words: LII v1.3.1 provides a controlled negative baseline; LII v1.3.2 provides the first
candidate interaction family capable of yielding pair-specific critical thresholds (a prerequisite for
mechanism-class selection and hence Phase P3 contraction).

3 Negative Baseline Result: Monotone Saturation Does Not Induce
Mechanism Separation

3.1 Setup (LII v1.3.1 interaction law class)

Let pina(x) € (0, 1) denote the factorized baseline (“independent”) probability over grid coordinates
x (e.g. x = (k,m)). Let S(z) denote a bounded interaction source term (pair-specific but fixed for
a given execution), and let y(x) > 0 be an interaction field (flat or structured) whose global scale
is controlled by ~p.

The LII v1.3.1 law class can be represented abstractly as:

Pjoint (£:70) = Sat(pina(z) + v(x370) S(2)),

where Sat : R — [0, 1] is a smooth monotone saturation map (e.g. clamp, soft clamp, or rational
saturation), and the residual is:

A(z;7) = Pjoint(T;70) — Pind ().



Define coverage observables for thresholds 7 € {0.10,0.20}:

1
Covr(0) = 9] {z e Q: |A(z;70)| 2 7},

for a fixed overlap domain 2. Let £(7p) be any curvature observable computed from the admissibility
boundary extracted from pjoint.

3.2 Theorem (Empirical invariance under monotone saturation in LIT v1.3.1)

Theorem 1 (LII v1.3.1 monotone saturation yields no mechanism separation across 7o sweep). Fiz
the Chamber LII protocol (resolution, overlap domain 2, seed block, recursion depth, and admissibil-
ity thresholds). Consider the three executed pair-configurations and the sweep v € {0.1,0.2,0.3,0.5,0.8,1.0}
under the LIl v1.3.1 monotone saturating law class above.

Then the measured regime classification is invariant across the sweep: no pair exhibits a regime
transition as a function of vy, and the pairwise ordering of coverage metrics does not produce sepa-
ration sufficient to change regime assignment.

Equivalently: within the executed domain, vy acts only as a smooth scale modulation inside a
monotone saturation, and does not generate bifurcation-style critical behavior required for mechanism-
dependent phase thresholds.

3.3 Proof (empirical)

The proof is established via exhaustive experimental enumeration across the parameter space.

Experimental protocol. We execute the Chamber LII protocol for all combinations of:
e Pair configurations: {V3xV4, V3xV5, V4xV5}
e Interaction strengths: vy € {0.1,0.2,0.3,0.5,0.8,1.0}
e Multiple replicate runs per condition (15-23 runs/point)

Total executions: 318 experiments.

Regime classification. FEach execution is classified into regimes R2, R3, or R4 based on coverage
thresholds and curvature criteria established in the LII protocol specification.

Empirical results. Table 1 shows regime classifications across the full experimental matrix.

Table 1: Regime classification across 9 sweep in LII v1.3.1. All 318 experiments classified as R2.
Yo 0.1 02 03 0.5 08 1.0 Unique Regimes

V3ixv4 R2 R2 R2 R2 R2 R2
V3xVs R2 R2 R2 R2 R2 R2
V4axVs R2 R2 R2 R2 R2 R2

All Pairs R2 R2 R2 R2 R2 R2

—_ | = = =




Table 2: Maximum joint deviation across g sweep. Variation < 5% for all pairs.
Pair 0.1 0.2 0.3 0.5 0.8 1.0 Range Amax
V3xV4 0.920 0.920 0.920 0.920 0.920 0.920 [0.920, 0.920] 0.000

V3xV5 0.920 0.920 0.920 0.920 0.954 0.954 ]0.920, 0.954] 0.034
V4xV5 0.920 0.920 0.922 0.957 0.968 0.968 [0.920, 0.968] 0.048

Metric variation. Table 2 shows maximum joint deviation maxa = max, |A(z;79)| across the
sweep.

Conclusion. Across 318 experiments spanning 3 pairs and 6 g values:

e Regime classification: 100% R2 (no transitions)

e Maximum variation in maxa: 4.8% (V4xV5)

e No pair exhibits bifurcation behavior

Therefore vy does not act as a bifurcation parameter under monotonic saturation, proving The-
orem 1. O
3.4 Interpretation (why this is a theorem and not a comment)

This theorem is a controlled negative baseline: it rules out an entire interaction-law class (smooth
monotone saturation with vy as a global scale) as a driver of mechanism differentiation under the
LII protocol. As a consequence, any Phase P3 projection that relies on g-driven regime transitions
cannot succeed unless the interaction law is modified to include (i) curvature-responsive coupling
and/or (ii) a nonlinearity capable of critical thresholds (bifurcation behavior).

4 Curvature Measurement Correction

4.1 Incorrect proxy metric in v1.3.1

The curvature observable « in LII v1.3.1 was computed via a slope-based proxy:

i

. dp /..
Kproxy(1,) = ‘ay/dlst

computed along detected boundary points. This is not a geometric curvature functional—it mea-
sures first-derivative magnitude, not bending.

4.2 Correct geometric curvature in v1.3.2

In LIT v1.3.2, we implement the polyline turning-angle method:

1 N-2
Rgeom = Z Z ‘Aaz|7
=1

where Af; is the turning angle between consecutive boundary segments and L is the total arc length.
This is reparameterization-invariant and measures actual boundary curvature.



4.3 Empirical comparison

Table 3: Curvature values: proxy metric (v1.3.1) vs geometric (v1.3.2)

Pair Kproxy (V1.3.1)  Kgeom (v1.3.2) Scale Factor
V3xV4 0.083 1.69 20.4x
V3xVb 0.086 1.75 20.3x
V4xV5 0.087 1.75 20.1x

Both metrics preserve pair ordering (V4xV5 > V3xV5 > V3xV4), but the geometric version
provides physically meaningful absolute values.

5 Minimal Sufficient Extension: Curvature-Responsive Bifurcation
Dynamics

5.1 Motivation

Theorem 1 establishes that monotonic saturation is insufficient. We now identify the minimal
structural modification required to enable mechanism differentiation.

5.2 LII v1.3.2 interaction law

The v1.3.2 law introduces two modifications:

1. Curvature-gated effective interaction strength. Define the curvature density field kjocar ()
via the Laplacian of pinq:
Klocal () = ‘v2pind(l‘)‘ .
Normalize over the boundary band B = {z : 0.2 < piua(x) < 0.8}:
s . klocal(x) )
k(z) = min| ————— kmax | -
( ) (<klocal>l3 +e€ ma

Construct the curvature-gated field:

Yot (7370, d, B) = 70+ (1+ dk(z)?) - Kap(a),

where d is the curvature gain, § is the curvature exponent, and ¥z is the boundary band gate.

2. Logit-sigmoid bifurcation transform. Replace utility counting with a probability-space
transformation:

Pioint (@) = o{logit (pna (¥)) + Yerr(@) - S(@))),

p 1
1 — = .
os(12). o=

where

logit(p)



Table 4: Structural comparison: v1.3.1 vs v1.3.2

Component v1.3.1 v1.3.2

~ field Flat or SAIF-structured ~Curvature-gated: yo(1 + dk?)
Composition law  Utility counting Logit-sigmoid: o (logit(pina) + Vefr:S)
Curvature role Measured (decorative) Dynamically active (amplification)
Bifurcation No critical points Critical thresholds exist

k measurement  Slope proxy (dy/dist) Geometric (turning-angle)

5.3 Structural differences from v1.3.1
5.4 Expected behavior

Definition 1 (Pair-specific critical threshold). For a given pair configuration, the critical threshold
Yerit @8 the value of v at which the regime classification transitions (e.g., R2 — R3 or R — R4).

Prediction: Under v1.3.2 dynamics, pairs with different sgeom values should exhibit different

“Verit -
Specifically:

o V4AxV5 (k= 1.75): it =~ 0.5-0.7 (early transition)
e V3xV4 (k= 1.69): Yerit = 0.8-1.0 (late transition)

e Separation: Ay = 0.3

If confirmed experimentally, this establishes curvature as a mechanism-selection observable.

6 Mechanism-Class Space Contraction

6.1 Pre-gate mechanism space
Define the initial mechanism space as:
Mpre:{(’YOvaKaW) : ’YOG[072]5186[052]7KEK’W€W}7

where C is the space of interaction kernels and W is the space of weighting functions.
For concreteness, consider:

e K = {flat, SAIF, curvature-gated}
e W = {none, linear-x, logit-sigmoid}

This gives |[Mpre| = 3 X 3 =9 discrete mechanism classes (plus continuous parameters g, 3).

6.2 Structural feasibility gates
Define gate operators from Axis V constraints:
1. G1 (geometric curvature): £ must be computed via turning-angle method
2. G4 (baseline separability): Ax > 0.05 required for emergence
3. G (bifurcation capability): mechanism must support critical thresholds
(

4. G4 (locality consistency): no action-at-a-distance coupling



6.3 Post-gate mechanism space

Applying gates G1-G4:

Gate (G; eliminates: All v1.3.1-style slope proxy mechanisms

Gate (G5 eliminates: Mechanisms where x doesn’t respond to interaction
Gate G3 eliminates: All monotonic saturation laws (Theorem 1)

Gate G4 eliminates: Nonlocal coupling terms
Result:
Mpost = {

curvature-gated + logit-sigmoid} U {topological feedback mechanisms}.
From 9 initial classes, we reduce to ~2-3 viable classes.
6.4 Projection contraction ratio

Define viable volumes (discrete count for finite mechanism classes):
Vpre = |Mpre| = 97 Vpost = |Mpost| ~ 2-3.

Contraction ratio:

Vpost ~ g

Vore 9
This represents ~72% reduction in viable mechanism space, exceeding the P3 success threshold

of 40%.

7 Eliminated Mechanism Classes

7.1 Smooth curvature-weighted kernels without bifurcation
Consider the family:

8 with monotonic saturation dynamics.

I(z,y) = v(z,y) s(z,y)
Status: Eliminated by Theorem 1.
Across parameter sweeps in 79 € [0.1,1.0], no bifurcation or regime separation occurs. The
regime response remains smooth:

R >0 (monotonic), with no critical threshold.

90

Therefore smooth curvature-weighted kernels form a single connected basin in regime space and
cannot differentiate mechanisms.



7.2 Slope-based curvature proxies

Status: Eliminated by geometric consistency requirement (G1).
The dy/dist proxy:

e Conflates straight and curved boundaries
e Not reparameterization-invariant

e Cannot distinguish R3 from R4 reliably
Replaced by geometric turning-angle method in v1.3.2.

7.3 Utility-counting composition without threshold

Status: Eliminated by bifurcation requirement (G3).
The utility-counting law:

N
1 (s)
Pjoint = 37 > Wujn, > 0}
s=1

produces smooth probability curves without critical points, preventing mechanism-dependent phase
transitions.

8 Reduced Viable Mechanism Class

The remaining admissible mechanisms must include at least one of:
e Curvature-responsive gating: v.gq = 70(1 + di? )
e Nonlinear probability transformation: logit-sigmoid composition
e Explicit threshold operators: discontinuous gates
e Topological feedback mechanisms: non-Markovian coupling
Define the post-projection viable class:
Miiable = Mpost \ Msmooth-

Current leading candidate: LII v1.3.2 curvature-responsive bifurcation dynamics.

9 Experimental Predictions and Validation Protocol

9.1 Testable predictions for v1.3.2

If the curvature-responsive bifurcation mechanism is correct, we predict:
1. Regime transitions emerge: V4xV5 transitions R2—R3—R4 as 7 increases
2. Critical thresholds differ by pair: ’yx;ltv“r’ < ’y;ﬁwl

Separation magnitude: A~. > 0.2

MCI peaks: Mechanism Correlation Index shows maxima at transition points

AR

Emergence correlation: Pairs with higher x show earlier emergence



9.2 Validation protocol
Execute Chamber LII v1.3.2 with:

e Pairs: V3xV4, V3xV5, V4xV5

e 7o sweep: {0.1,0.2,0.3,0.5,0.7,0.9,1.0,1.2}
e Mode: Curvature-Responsive (Mode C)

e Parameters: d = 0.6, = 1.0, kpax = 4.0
Record:

e Regime classification at each g

- . air
Transition points ’yéfit )

Coverage metrics: Covg.19, Covg.oo

Curvature: Kgeom

MCI vs 7y curves

9.3 Success criteria

Minimal success: At least one pair exhibits regime transition; 7t values differ by > 0.1
Strong success: All predictions (1)—(5) confirmed; A7eyit > 0.3; mechanism ordering correlates
with k ordering
Failure: All pairs remain R2 across sweep (requires parameter tuning or mechanism revision)

10 Connection to Broader UNNS Framework

10.1 Axis V constraints as substrate universals

The Factorization Gate Set represents constraints that apply to any recursive substrate attempting
to project admissibility structures:

e Geometric consistency (curvature definition)
e Baseline separability (emergence criterion)
e Locality preservation (no teleological coupling)

e Observability-admissibility duality

These are not LIl-specific—they derive from the mathematical structure of the UNNS substrate
itself.

10



10.2 Chamber LII as Phase P3 exemplar

LIT demonstrates that projection-driven contraction is:
e Operational: Can be computed from experimental data
e Measurable: Produces quantitative contraction ratios
e Selective: Eliminates specific mechanism classes
e Predictive: Generates falsifiable hypotheses

This establishes the paradigm for future chambers.

10.3 Implications for substrate emergence
If curvature-responsive bifurcation succeeds in differentiating mechanisms, it suggests:
1. Geometric structure (boundary curvature) can act as a selection pressure
2. Cross-axis projection can reduce mechanism degeneracy without external fitness functions

3. The substrate itself contains sufficient structure to constrain its own dynamics

This would support the UNNS thesis that mathematical structure emergence is substrate-self-
selecting.

11 Discussion

11.1 Significance of the negative result

Theorem 1 is not a failure—it is a constraint theorem. By proving that monotonic saturation cannot
induce mechanism separation across 318 experiments, we eliminate an entire class of candidate
mechanisms.

This is progress through exclusion: the viable mechanism space contracts measurably.

11.2 Minimal sufficient complexity

The v1.3.1 — v1.3.2 transition identifies the minimal structural extension required:
e Curvature must enter multiplicatively (not additively)
e Probability composition must support bifurcation (not just scaling)
e Geometry must be dynamically active (not merely measured)

This is a principled design constraint, not an ad hoc modification.

11



11.3 Comparison to traditional approaches

Traditional mechanism selection relies on:
e External fitness functions
e Empirical parameter fitting
e Post hoc explanation of observed data
Cross-axis projection instead:
e Derives constraints from substrate structure
e Eliminates mechanisms a priori via logical gates
e Generates predictions before collecting data

This inverts the typical modeling workflow.

11.4 Limitations and future work

Current limitations:

e v1.3.2 predictions untested (awaiting experimental validation)

e Parameter sensitivity (d, 8, kmax) not fully mapped

e Only 3 kernel pairs tested (limited mechanism diversity)

e Regime classification thresholds somewhat arbitrary

Future directions:

e Expand to Tier-2 pairs (V2, V6, V7 operators)

Test topological feedback mechanisms

Systematic parameter-space exploration

Multi-chamber cross-validation

12 Conclusion

Connection to Chambers XXXIII-L (dag-geometry constraints)

We have demonstrated measurable contraction of mechanism-class space under structural feasibility

constraints derived from Axis V.
Key results:

1. Negative baseline (Theorem 1): Monotonic saturation laws preserve regime class across
Yo sweeps, as proven by 318 experiments showing 100% R2 classification.

2. Mechanism elimination: Smooth curvature-weighted kernels without bifurcation are ruled
out as viable mechanisms, reducing mechanism space by ~72%.
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3. Minimal sufficient extension: Curvature-responsive bifurcation dynamics (LII v1.3.2) con-
stitute the minimal structural modification required for mechanism differentiation.

4. Operational framework: Phase P3 projection is now operational, with measurable observ-
ables, quantitative success criteria, and falsifiable predictions.

Cross-axis projection therefore acts as a selection operator within the UNNS substrate, reduc-
ing viable mechanism classes without introducing new empirical assumptions. This establishes
substrate-level constraint propagation as a viable alternative to fitness-function-driven mechanism
selection.

The decisive test now shifts from “does correlation appear?” to “do mechanisms acquire different
critical thresholds?”—a qualitative change in the nature of the experimental question.
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