Securing Sovereign
Semiconductor
Capacity

How PTCP+TNQG Strengthens
U.S. CPU Wafer R&D, Fabrication,
and the Al Components Ecosystem.
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The Sovereignty Paradox: Investment vs. Operational Reality
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The Fragility of Retrospective Control

I =1
Without a PTCP+TNQG-class control layer L With PTCP+TNQG d
Fragmented Telemetry: Tool logs, EDA, metrology, Tensorized State: Unified probability tensor
and cyber events remain siloed. spanning tools, wafers, cyber posture, and suppliers.

CVaR-aware Control: Optimization penalizes
rare-but-costly outlier wafer lots.

Optimization Blind Spots: Average KPIs hide
p95/p99 cycle-time failures.

Residual-governed Digital Twins: TNQG lens identifies
where reconstructed geometry stops matching reality.

Slow Lab-to-Fab Transfer: R&D learning is lost
across stages.

anomalies. 1dentity movement become visible geometry defects.

Safe Actuation: Policy-bounded routing, scheduling,
and quarantine.

Static Contingency Plans: Disruptions handled after
failure occurs.

Weak Provenance: Traceability misses behavioral E| Topology-native Security: Substitution and abnormal




Architecture of the Control Fabric

Materials

Polysilicon, wafers,
gases, chemicals

CPU Wafer R&D

CMOS modules, EUV,
process splits

—

The Physical Ecosystem

Fab Operations

A predictive, bounded, auditable control layer mapping abstract math to the concrete factory lifecycle.

yields, metrology

Tools, queues, 7

"'\.

Advanced Packaging

HBM, chiplets,
substrates, thermals

b

AI Components

CPUs, GPUs,
accelerators, optics

AR

Operational Intelligence

il PTCP Core [

Tensor Train telemetry, forecast geometry, CVaR tail-risk optimization, bounded safe-set actuation

¢ TNQG Reconstruction Lens

Distance, capacity, curvature, residual diagnostics, and failed-assumption reports

Foundation

Critical Note:
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Governance Wrapper: NIST-aligned metrology, provenance, zero
export-control guardrails, rollback, and operator review.

PTCP+TNQG is not a replacement for
MES, APC, or EDA—it is an upstream

intelligence layer that coordinates them.
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The Operational Engine: Predictive Tensor Control Plane (PTCP)

Chaotic Input

d Compression

TEMSGR TRAIH CORES

High-dimensional telemetry
(tools, wafers, water, cyber
posture) is highly interdependent
but natively fragmented.
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CORES RECGCTIEH

Compresses telemetry into
bounded Tensor Train cores

| without flattening the
cross-modal dependencies.

d Forecast Geometry & Control
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Converts state into geometric distances.
Optimization targets expected cost plus
Conditional Value at Risk (CVaR). High-trust
paths become short; unstable paths become long.
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The Reconstruction Lens: Tensor-Network Quantum Gravity (TNQG)

Process Model [ Digital Twin

The Core Purpose

TNQG acts as an operational reconstruction
vocabulary. It answers a fundamental safety
question: Does the tensorized process model
still perfectly reconstruct the real fab
state, or has the physical system drifted?

Scanning

Residuals /
Discrepancies

s
Observed Physical Reality

The Mechanism The Output

It continuously scans the network, Generates explicit “failed-assumption
measuring distances, capacity constraints, reports” and residual diagnostics. This
curvature distortions, and cut structures structural governor prevents autonomous
between the model's assumptions and the controllers from making safety-critical

live telemetry. actuations based on outdated or drifted models.




Translation Matrix: Abstract Mechanism to Industrial Reality

Theoretical Primitive RIS

Tensorized Telemetry

>

Semiconductor Meaning

Unification. Unifies wafer, tool, metrology, and ,
cyber signals without fattening them into generic §
scalar dashboards.

Predictive Geometry

Visibility. Makes fab bottlenecks, weak suppliers, -~
and cyber exposure visible as physical geometric I@é%@:
deformations. N

CVaR-Aware Control

Tail-Risk Prevention. Penalizes upper-tail cost,
targeting rare but catastrophic events like line =
shutdowns, yield excursions, or AI-cluster job stalls.

Safe-Set Projection

Bounded Actuation. Prevents autonomous controllers [l .
from violating recipe envelopes, export-control feai;

rules, or safety gates.

Residual Testing

Drift Detection. TNQG diagnostics flag exactly
where a digital twin or process model no longer
matches observed factory reality.




Synthesis: The 10 High-Impact Operational Solutions

Pre-Fab / Design Phase ) Klntru-Fub / Yield Phase
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