TECHNICAL MEMORANDUM

TO: Stakeholders, Al Infrastructure Architects, and Research Leads
FROM: Strategic Analysis Division
DATE: March 22, 2026

SUBJECT: Structural Convergence Between Many-Body Quantum Dynamics and the Neural
Forest (NF) Architecture

1. Executive Summary

This memorandum analyzes the conceptual and technical parallels between the recent
Phasecraft, Virginia Tech, and University of Bristol preprint, “Onset of Ergodicity Across Scales
on a Digital Quantum Processor,” and the Neural Forest (NF) architecture developed by
William R. Palaia. Both paradigms represent a shift away from monolithic, black-box systems
toward modular, scale-invariant structures that prioritize local diagnostics to manage global
complexity.

2. Hierarchical Modularity: Spatial Patches and Neural Trees

The primary finding of the Phasecraft study is the observation of a "hierarchy across scales,"
where thermalization (the onset of ergodicity) occurs in smaller spatial patches before
progressing to the larger system.

e Neural Forest Correlation: The NF architecture is fundamentally defined by "Forced
Specialization," where the global model is decomposed into thousands of independent,
task-specific Neural Trees.

e Structural Isomorphism: Just as the quantum study analyzes 10x10 qubit arrays
through localized patches, the NF processes information through a distributed
ecosystem of shallow units. This approach replaces the high-variance "monolith" with a
low-bias ensemble, ensuring that computational “thermalization” (convergence and
inference) is handled at the most efficient scale possible.

3. Diagnostic Scalability and Entropy Measures

The Phasecraft researchers introduced a diagnostic based on marginal collision entropy to
probe the system without relying on computationally inaccessible entanglement entropy.

e The NF "Enterprise Audit Shield": In the Palaia Paradigm, the "Crisis of the Monolith" is
addressed by moving away from opaque, global loss functions toward inherent
mechanistic interpretability.

e Local vs. Global Metrics: By monitoring the outputs of individual Neural Trees and their



decorrelation, the NF provides a scalable way to verify the "health" and reliability of an
inference result. This mirrors the quantum study’s reliance on experimentally tractable
diagnostics to ground results in regimes where classical simulation is no longer feasible.

4. Hardware-Software Co-Design for High-Entropy Regimes

The study utilizes the IBM Nighthawk processor (ilbm_miami) to push quantum processors into
new regimes. Similarly, the Neural Forest is not merely an algorithmic shift but a
hardware-integrated blueprint.

The NF-Core Accelerator: To support the non-linear data routing required for ensemble
intelligence, the NF proposes the NF-Core, utilizing a Carbon-Corundum matrix capable
of 30 GHz clock speeds.

Overcoming the Memory Wall: Much like the quantum experiment manages
interactions across a 2D grid, the NF-Core utilizes a Reconfigurable Network-on-Chip
(NoC). This allows for "express lanes" of data that circumvent the Von Neumann
bottleneck by placing distributed on-chip memory (SRAM/eDRAM) millimeters away from
micro-cores.

5. Information Scrambling and Deterministic Inference

In many-body physics, ergodicity refers to how a system explores its state space. In Al, this
relates to how a model "scrambles" or processes input features to arrive at a prediction.

Inference-First Protocol: The NF utilizes a meta-cognitive "Conductor” to route tasks
only to relevant specialized modules. This keeps the majority of the hardware in a
"zero-draw state," analogous to a quantum system where only specific degrees of
freedom are excited.

Decorrelation as a Feature: The quantum study notes the importance of interaction
strength in achieving ergodicity. The NF intentionally enforces "decorrelation” between its
trees to ensure that the ensemble provides a robust, stabilized output, effectively
managing the "informational energy" of the model.

6. Conclusion

The research from Phasecraft and its partners reinforces the theoretical validity of the Neural
Forest's modular approach. As quantum processors and Al models both scale into "classically
unsimulatable” territory, the ability to manage complexity through hierarchical patches and
localized diagnostics becomes the only viable path forward. The NF-Core and the Palaia
Paradigm provide the physical and statistical framework to realize this transition for Artificial
General Intelligence (AGI).
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