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Overview

This supplement provides comprehensive experimental data from the Chamber LIII Phase P4 com-

pleteness testing campaign. All data presented here are raw experimental outputs with minimal

processing, supporting the analysis and conclusions presented in the main paper.

1 Experimental Con�guration

1.1 Chamber Speci�cations

� Chamber ID: LIII

� Chamber Version: 3.1.0

� Schema Version: 0.2.0

� Engine Version: 3.1.0

� Protocol Reference: LII_v1.3.2_enhanced

1.2 Pro�le Con�gurations

Pro�le G1 εmax G2 εmax G3 εmax G4 εmax

Baseline 0.20 0.20 0.05 0.20

G3_sweep 0.20 0.20 0.05 0.20

G3_hard 0.10 0.20 0.00 0.20

High_power 0.20 0.20 0.00 0.20

Locality_stress 0.20 0.20 0.10 0.10

Table 1: Epsilon con�guration by experimental pro�le

1.3 Generator Mix

All pro�les employed the same adversarial generator distribution:

� Boundary generators: 50%
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� Pathological generators: 30%

� Broad samplers: 20%

2 Comprehensive Experimental Results

2.1 Run-Level Summary

Table 2: Complete experimental summary across all 32 runs

Pro�le Run Mechanisms Tested Gap Ratio (%)

Baseline 1 1800 0.50

Baseline 2 600 7.00

Baseline 3 1700 9.20

G3_sweep 1 1800 0.50

G3_sweep 2 600 7.00

G3_sweep 3 1700 9.20

G3_hard 1 1800 1.06

G3_hard 2 1800 1.61

G3_hard 3 1800 1.89

G3_hard 4 1800 1.11

G3_hard 5 1800 2.11

G3_hard 6 2000 2.70

G3_hard 7 2000 59.00

G3_hard 8 2000 59.00

G3_hard 9 1800 1.44

High_power 1 2000 0.95

High_power 2 2000 0.95

High_power 3 2000 0.95

High_power 4 2000 0.95

High_power 5 2000 57.25

High_power 6 2000 1.00

High_power 7 2000 0.95

High_power 8 2000 0.95

High_power 9 2000 1.65

Locality_stress 1 1800 0.67

Locality_stress 2 1600 1.44

Locality_stress 3 1800 2.11

Locality_stress 4 1600 2.81

Locality_stress 5 1796 64.87

Locality_stress 6 1800 71.61

Locality_stress 7 1900 1.26

Locality_stress 8 1300 0.92
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Baseline Pro�le G1 G2 G3 G4

Mean residuals 10.0 1.0 75.0 3.3

Std deviation 5.7 1.0 48.1 2.5

Minimum 2 0 7 0

Maximum 16 3 119 6

Table 3: Baseline pro�le residual statistics

G3_hard Pro�le G1 G2 G3 G4

Mean residuals 33.2 8.0 276.7 26.2

Std deviation 35.5 9.5 313.9 30.5

Minimum 0 0 19 0

Maximum 108 29 954 90

Table 4: G3_hard pro�le residual statistics

2.2 Gate-Level Residual Distribution

3 Epsilon Distribution Analysis

3.1 G3 Residuals by Epsilon (Runs with Clusters)

Key observations:

� Substantial residuals persist at very low ε (0.01, 0.02)

� Residual counts decline monotonically with increasing ε

� This pattern indicates genuine boundary structure rather than over-relaxation artifacts

4 Cluster Analysis

4.1 Cluster Detection Summary

4.2 Large-Scale Cluster Parameter Centroids

4.3 Pairwise Distance Matrix

Euclidean distances in normalized parameter space:

Critical �nding: Maximum pairwise distance is 0.239, well below the uni�cation threshold of

δmax = 0.5. This establishes that all large-scale clusters belong to a single uni�ed basin.

5 Statistical Validation

5.1 Cross-Pro�le Consistency

Analysis of gap ratio variance across pro�les:

The high coe�cient of variation in stress-test pro�les (G3_hard, High_power, Locality_stress)

re�ects bimodal distribution: most runs show low gap ratios, while runs with detected clusters show

signi�cantly elevated ratios.
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High_power Pro�le G1 G2 G3 G4

Mean residuals 21.6 4.6 235.3 13.6

Std deviation 37.0 10.8 313.6 24.4

Minimum 2 0 16 1

Maximum 114 33 952 76

Table 5: High_power pro�le residual statistics

Locality_stress Pro�le G1 G2 G3 G4

Mean residuals 24.0 6.5 401.1 26.0

Std deviation 27.1 8.8 399.5 19.2

Minimum 0 0 12 0

Maximum 77 25 1129 55

Table 6: Locality_stress pro�le residual statistics

5.2 Replication Analysis

Within-pro�le replication:

� G3_hard: 2 runs with identical cluster centroids (exact replication)

� Locality_stress: 2 runs with identical cluster centroids (exact replication)

� High_power: 1 run with cluster (no within-pro�le replication)

Cross-pro�le replication:
All large-scale clusters appear in 3 distinct pro�les (G3_hard, High_power, Locality_stress),

satisfying the replication criterion of ≥ 3 independent mechanism families.

6 Interpretation

6.1 Why Clusters Appear in Some Runs

The stochastic nature of adversarial sampling means that:

� Some runs happen to sample heavily near the G3 boundary

� When sampling concentrates in the transition region, connected components emerge

� Identical centroids across runs indicate sampling the same underlying basin

6.2 Why No Clusters in Baseline/G3_sweep

The Baseline and G3_sweep pro�les use moderate G3 relaxation (εmax = 0.05). This tolerance

is su�cient to capture the boundary structure without excessive over-sampling of the transition

region.
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Pro�le ε = 0.01 ε = 0.02 ε = 0.05 ε = 0.10 ε = 0.20

G3_hard 254 253 191 124 132

High_power 239 237 193 147 136

Locality_stress 273 322 243 175 116

Mean 255 271 209 149 128

Table 7: G3 residual counts by epsilon value (mean across runs with detected clusters)

Pro�le Total Runs Runs with Clusters Total Clusters

Baseline 3 0 0

G3_sweep 3 0 0

G3_hard 9 2 4

High_power 9 1 3

Locality_stress 8 2 4

Total 32 5 11

Table 8: Cluster detection across all pro�les

6.3 Why Clusters in Stress Pro�les

G3_hard (εmax = 0), High_power (2000 mechanisms), and Locality_stress (tightened G4) all

represent elevated sampling density or reduced gate tolerance, increasing the probability of detecting

the G3 boundary transition region.

7 Conclusions from Experimental Data

The comprehensive experimental campaign establishes:

1. Structural reality: Residuals are not sampling artifacts � they persist at ε = 0.01 and

replicate across pro�les

2. Basin uni�cation: All large-scale clusters belong to a single basin (δmax = 0.239 < 0.5)

3. G3 concentration: 73�89% of residuals concentrate in G3, indicating the boundary is at the

bifurcation gate

4. Thick boundary structure: The transition region has �nite width, re�ecting the steepness

of the underlying bifurcation function

5. Completeness established: No evidence of multiple distinct mechanism classes requiring

additional gates

These �ndings support the revised local structural completeness theorem presented in the main

paper.
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Pro�le Size γ0 β d κmax

G3_hard-A 953 1.0029 1.0556 2.5436 3.1176

G3_hard-B 953 1.0029 1.0556 2.5436 3.1176

High_power 947 1.1325 0.9287 2.3971 3.1225

Locality_stress-A 1086 1.0372 1.0340 2.4989 2.9594

Locality_stress-B 1086 1.0372 1.0340 2.4989 2.9594

Mean 1005 1.0431 1.0112 2.4966 3.0632
Std Dev 66 0.0483 0.0478 0.0548 0.0728

Table 9: Parameter centroids of all large-scale clusters (size ≥ 500)

C1 C2 C3 C4 C5

C1 (G3_hard-A) � 0.000 0.233 0.169 0.169

C2 (G3_hard-B) 0.000 � 0.233 0.169 0.169

C3 (High_power) 0.233 0.233 � 0.239 0.239

C4 (Locality_stress-A) 0.169 0.169 0.239 � 0.000

C5 (Locality_stress-B) 0.169 0.169 0.239 0.000 �

Table 10: Pairwise Euclidean distances between cluster centroids

Pro�le Mean Gap Ratio Std Deviation Coe�cient of Variation

Baseline 0.0557 0.0232 0.416

G3_sweep 0.0557 0.0232 0.416

G3_hard 0.1789 0.2344 1.310

High_power 0.1302 0.1744 1.340

Locality_stress 0.2566 0.2870 1.118

Table 11: Gap ratio variance analysis
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