PAPER VII — APPENDIX A

Computational Appendix:
The Accumulating Memory Channel

This appendix provides computational proof-of-concept for the central claim of
Paper VII: that the overflow condition H > C (Shannon source entropy exceeding
formalism channel capacity) mechanically produces all four placeholder types
identified in the taxonomy — Importation

— across classical, quantum, and physical substrates.

Three progressively refined toy models are presented. Each is fully specified,
reproducible in under 80 lines of Python, and seeded for exact replication (seed =

42). All results report Monte Carlo means with 95% confidence intervals.

! channel_models.py ] ‘ { results.json

A.1— Classical Accumulating Memory Channel

A discrete-time communication channel transmits a sequence of signals. Each
signal is generated as an i.i.d. Gaussian packet. The channel accumulates history

via an exponential memory:
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where 0 < A < 1is the memory retention factor. The effective history depth is

approximately 1/(1 - a). The channel has finite capacity K: the receiver can only

resolve a weighted window of the most recent K components.

Parameters. T = 400 time steps, A = 0.85, noise = 0.05, Monte Carlo n = 50 per

configuration.

Results: Capacity Sweep

Track Err Recovery Err +95% CI
0.0171 .810 +0.019
.0279 .905 +0.020
.0345 .944 +0.021
.0356 .953 +0.021
.0356 .954 +0.021

.0356 .954 +0.021

Key Finding: Truncation as Regularization

The narrow channel (K=4, H/C > 1) produces lower tracking error than wider
channels. This is not a failure of the model — it is the model demonstrating
Type 2 Importation .Truncation acts as animplicitregularization
parameter, smoothing the accumulated history by discarding contributions
beyond the window. This is structurally identical to how renormalization

improves QFT predictions by introducing a cutoff.




Model 1: Classical Accumulating Memory Channel
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A.2 — Quantum Accumulating Memory Channel

A single qubit accumulates phase history through rotations while subject to finite
coherence capacity. Phase accumulation follows the same exponential memory,

with coherence decaying as accumulated history depth grows:

Ve = exp(-B - (t - (1 - a))™

where [3 parametrizes channel capacity (smaller § = wider channel), k = 0.6. The
receiver performs projective measurement, extracting a signal modulated by

coherence.

Parameters. T = 300, a = 0.93, K = 0.6, noise = 0.01, Monte Carlo n = 50.

Results: Capacity Sweep

Width Mean Error +95% CI Coherence
narrow 0.0348 +0.0029 0.009

narrow 0.0341 +0.0029 0.025




medium +0.0028

medium +0.0024

wide +0.0011

wide +0.0005

Monotonicity verified: Coherence increases strictly monotonically

as channel capacity widens — 0.009 > 0.025 > 0.073 > 0.200 >
0.485 > 0.688. Error drops 8.2x from narrowest to widest. Welch's

t-test: t = -56.36, p < 0.001.

Placeholder Emergence in the Narrow Regime

Coherence decays to near-zero; long-time phase prediction

effectively diverges.

Inportation Stable operation requires externally tuned [§ and k parameters

Projective measurement must be imposed ad hoc as the

extraction rule.
Residual error is labeled "decoherence" without deeper

mechanism.

In the wide-channel regime (3 < 0.2), all four diminish quantitatively and

approach structural dissolution.
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A.3 — Electron/Photon Shannon Channel

The electron's orbital state is modeled as a Shannon channel carrying accumulated
interaction history. Each photon absorption injects a new information packet; each

emission extracts a projection of the accumulated state.

Physical Element Channel Component Interpretation

Carrier of accumulated quantum
Electron in orbital Channel state ht
history

Photon absorption New packet O . Injection of energy/information

Stable transmission Emergent from channel capacity
Orbital energy levels
modes limits

Minimum packet Smallest "drop" the channel can
Planck's constant
resolution resolve

e Prior photon interactions encoded in
Accumulated history h_(the "liquid")
state

Wave function
Projective extraction Observable emission at receiver
collapse

Results: Capacity Sweep

Mean Error Coherence Trans p Trans o
0.0787 0.003 0.0114 0.0097
0.0782 0.008 0.0117 0.0104

0.0777 0.011 0.0120 0.0113




0.0127 0.0133 1.048
0.0161 0.0202 1.254

0.0328 0.0361 1.100

Emergent Quantization

The distribution of transition energies shows discrete-like clustering in the
narrow-channel regime, even though the source input is continuous
Gaussian noise. Quantization emerges from channel capacity constraints

without being assumed as a postulate.

Model 3: Electron/Photon Shannon Channel
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(c) Coherence Decay by Channel Capacity (d) Capacity Sweep Summary
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A.4 — Dissolution Proof

When channel capacity is sufficient to carry the full coupled history, all four
placeholder types become structurally unnecessary — dissolved rather than

resolved, as predicted by Requirement 3 of Paper VII.

Channel Recovery Err +95% CI Track Err
Narrow 0.627 +0.009 0.015
Medium 0.760 10.011 0.032

Wide 0.771 +0.011 0.033

The narrow channel's lower tracking error is itself the placeholder at work:
truncation functions as implicit regularization ( Type 2 Importation ), producing a
"better" approximation by discarding the parts of the history it cannot carry. This is

structurally identical to how renormalization cutoffs improve QFT calculations.

In the wide-channel configuration, no truncation is needed, no extraction rule is

imposed, and no external parameters are imported. The placeholders are dissolved:

there is no overflow condition to manage.

Dissolution Proof: Tracking vs Recovery Channel Output: Narrow Regularizes, Wide Preserves
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A.5 — Statistical Validation

Test 1 — Tracking Error: Welch's t-test confirms narrow-channel
tracking error is significantly lower than wide-channel (t =
-56.36, df = 246, p << 0.001). Validates truncation as
regularization — the Type 2 Importation mechanism.

Test 2 — Recovery Error: Narrow vs wide recovery error: t =
-20.89, Cohen's d = -2.09. Highly significant (p << 0.001).

Test 3 — Quantum Coherence Monotonicity: Strictly monotonically

increasing as channel widens. VERIFIED v

Test 4 — Cross-Substrate Consistency: All three models produce
the same qualitative pattern: overflow generates placeholder-like
constructs; sufficient capacity dissolves them. The four-type
taxonomy emerges mechanically without being designed into the
models.

A.6 — Scope and Limitations

These toy models are proof-of-concept demonstrations, not quantitative

reproductions of specific physical constants.

What the models demonstrate: The overflow condition H > C mechanically produces
all four placeholder types. The taxonomy is not imposed — it emerges from the
dynamics. Wider channels quantitatively reduce the need for placeholders. The
dissolution prediction holds across substrates. Truncation-as-regularization

directly maps to Type 2 Importation.




What the models do not yet demonstrate: Precise spectroscopic constants from
channel parameters. Quantitative C(F) estimates for existing physical formalisms.
Derivation of Planck's constant from channel capacity bounds. These are directions

for Paper VIII.

A.7 — Reproducibility

All simulations use NumPy with seed = 42. The complete source code
(channel_models.py) is available above. No external dependencies beyond NumPy

and Matplotlib. Execution time: < 30 seconds on commodity hardware.

Series: The Signal Carries Everything
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