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:

E

i
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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.

" L !
- TERSOR TRAIM '~ DEVERETD|ALITY
CORES RECGCTIEH

Compresses telemetry into
bounded Tensor Train cores

| without flattening the
cross-modal dependencies.

d Forecast Geometry & Control

T

, B g
TRAJECTORY *ﬂ'{}&

PREDICTIONS \\

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

National Wafer
R&D Digital Twin

EDA/HPC A B 0\
Workload Fabric \ Ty ) Z ) NN " = \ Metrology/Yield

[

Materials & | [ ) '
Spares Resilience | _ /| PTCP+TNQG
\ Nl 4 Core
|I
& 4 |
' | EUV & Computational
Advanced Packaging & /' Lithography Control
HBM Orchestration
Secure Provenance . Workforce

& Chain-of-Custody

|

Knowledge Capture

| Rz 5 |

Sovereign
. Contingency Planning

! Post-Fab / Macro Phase [T




Deep Dive I: Pre-Fab & Design Acceleration

; Mowel Materials

1
- Movel Materials
Tensor Modal

Solution 1: National Wafer
R&D Digital Twin

Creates a shared, access-
controlled tensor model for CMOS
modules and novel materials.

Impact: Shortens lab-to-fab
transfer by preserving cross-modal
dependencies normally lost when
reduced to standard KPIs.

Solution 5: EDA/HPC
Workload Fabric

Applies PTCP to schedule EDA, OPC,
and CFD workloads safely across
massive compute clusters.

Impact: Cuts design-cycle tail
latency for CPUs and AI

accelerators, improving the
pace of tapeout.

2o

Solution 8: Materials
Spares Resilience

Forecasts disruption geometry
polysilicon, gases, photoresist,
and field-service logistics.

Impact: Creates earlier warning
and safer operational
substitutions for single-source
dependencies.




Deep Dive Il: Fab Flow & Yield Intelligence

Solution 2: Fab-Flow Tail-Risk Optimizer

Forecasts p95/p99 cycle-time risk from
tool state and queue depth. Improves
delivery reliability and uncovers
bottlenecks hidden by mean-time averages.

Solution 3: Metrology/Yield Residuals

TNQG residuals detect when metrology
signatures and process models disagree,
massively accelerating root-cause
isolation for yield excursions.

Solution 4: EUV Control

Integrates scanner, mask, resist, and
queue data into predictive geometry to
maximize scarce EUV capacity for
advanced logic nodes.

Solution 9: Workforce Knowledge Capture

Encodes expert heuristics into
mathematically validated constraints,
reducing institutional fragility as new fabs.




Deep Dive lll: Post-Fab, Al & Macro Security

Spotlighting the most critical bottlenecks in the modern Al supply chain

Solution 6: Advanced Packaging & HBM Orchestration

Models interposer, substrate, HBM, and thermals as a coupled
tensor. Highlights that advanced packaging, not just raw wafer
fabrication, is the true bottleneck for Al components.

Optimized thermal
management

Assembly s }E-Hi
Facility <= s HEBM3
—— Data flow G|D|DE| rf__.*"' ' "‘5,"‘"'
Logistics .-~ [

Hub .-~ / |
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Solution 7: :
Secure Provenance

Combines supplier pedigree, tool signatures,
0

and zero-trust posture into a topology-native
defect model. Proves that U.5.-fabricated parts |

g o s Global
are HUt':IEﬂtIE and resilient to substitution or Lsghstics S
tampering. Hub Fii
S| 1 ' Cyber Defense N
Supplier
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Solution 10: Sovereign
Contingency Planning

Runs high-fidelity counterfactual scenarios

for export-control shifts, natural disasters,
or cyber incidents. Provides a

mathematically grounded way to determine

which domestic capabilities are genuinely

strategic versus merely convenient.

| Strategic

Scenario Contingency Plan Value

Fidelity counterfactuard
Export- scn: for export-control \/
Control Shift | shifts, natural disasters,

or cyber incidents.

Description current
Natural authentication pranelity \/
Disaster masmen¥s,-or natural

incidents.

Dersonnocous of |
Cyber compititing desp cyber | ‘?
Incident incident, and inlection | =

description. !




Ecosystem Value Matrix: Structural Positioning

Segment Focus Representative Leaders

Foundries Intel, TSMC Arizona,

PTCP+TNQG Architectural Benefit

Predictive wafer-flow control, package/fab
co-optimization, and cross-site capacity

feniittin planning for domestic logic.
Foundational input tracking,
Materials GlobalWafers, Hemlock contamination/provenance risk monitoring,

and trusted supply coordination.

Memory & OSATs Micron, Amkor

HBM process orchestration, tensorized
packaging flow control, and substrate
constraint management.

Applied Materials,

Equipment & EDA Lam, ASML, Cadence

Installed-base predictive service,
digital-thread traceability, and safe EDA
compute scheduling.

AI Customers NVIDIA, AMD, Apple

Resilient domestic supply assurance,
stronger design-to-fab feedback, and lower
risk of package-driven delays.

* EXAMPLES DENOTE ARCHITECTURAL FIT BASED ON PUBLIC FOOTPRINTS, NOT ENDORSEMENTS OR CLAIMS OF CURRENT COMMERCIAL ADOPTION.




Redefining Sovereignty: The 5 Pillars of Usable Capacity

True sovereignty equals operational optionality, not autarkic isolation.
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Operational Trusted Lab-to-Fab Defense Federated
Autonomy Provenance Retention Readiness Coordination
Predictive control over Topology-native R&D discoveries Assures SOI, radiation- Enables government
wafer starts, HBM security and NIST- > are transferred as > relevant flows, and and industry to reason
constraints, and EDA aligned provenance calibrated tensor-state export-sensitive about bottlenecks
compute provides U.S. stop counterfeits knowledge and components through without exposing
fabs with choices without relying purely residual tests, not a strict governance- proprietary,
before scarcity hits. on post-hoc audits. merely static recipes. aware control plane. fab-level data.
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G].Obal Stakes : FIMECG prajects U.S. fab capacity

share will rise to 14% by 2032

The Cost of Fragmented Control | But physical capacity alone leaves

massive vulnerability footprints.
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Nations with predictive control will not merely have more fabs;

they will have more usable sovereign capacity.




The Deployment Architecture:

A Governed Path to Autonomy

Stage 1: Advisory Shadow Mode
Observe, compress, forecast. Zero

actuation.
Target: NSTC/NAPMP R&D facility, pilot

fab, or isolated EDA cluster.

| Stage 2: Digital-Twin Mode
Replay disruptions. Safely test tool

— outages, process drifts, HBM shortages,

and cyber anomalies against historical
data. Target: Lab-to-fab transfer.

Mode

Recommend or execute. Takes
constrained actions (rescheduling,

Stage 3: Bounded Actuation

routing, quarantine) strictly inside a

mathematically guaranteed safe set.
Target: Packaging pilot.

i3

Stage 4: Federated National Mode

Cross-site intelligence. Risk scoring,

provenance tracking, and scenario planning
across the trusted defense industrial base,
without pooling proprietary data. ,,.f’
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The Rigorous Validation Protocol

Empirical superiority and falsifiable gates.

Phase O: Phase 1: Phase 2: Phase 3: Phase 4.
Data Inventory Shadow PTCP Twin Replay Advisory Bounded
Control Actuation
SIRP N N 550>
REQUIRE:
Zero critical safety

violations |

Gate O Gate 1 Gate 2 Gate 3

Measurable cycle-
time, yield, or energy

improvement.
REQUIRE: REQUIRE: REQUIRE: REQUIRE:
Signed data map | Validated compression Quantifiable reduction High operator
Zero unauthorized ratio | Verified in detection delay | acceptance | Avoided
data movement | reconstruction error | Accurate residual p95/p99 cycle-time
Security review Calibrated forecast. identification. excursions | Zero
passed. policy violations.




Governance & Risk Controls

: - ] RISK: RISK:
B Overcla 0 Model Drift Data Rights

1 7
% CONTROL: CONTROL: 7 CONTROL: 7
g Grounded in semiconductor | Requires reconstruction é . Uses federated learningand | g T
evidence; treats TNQG i error tracking and /i //’ 5 differential access to (,y’
strictly as reconstruction \ rollback capability AL " protect trade secrets. %
testing. s before actuation. /

RISK: 7’ N7 RISK: i
Cyber Expansion ' Supply-Chain
Politics

CONTROL:

Positioned for allied resilience
and trusted coordination,
not autarky. y

CONTROL: 1 CONTROL:

Treats control plane as critical / Operator-supervised autonomy; /
" infrastructure (zero trust, 7 . preserves explainability

e signed models). /
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The New Paradigm

The sovereignty challenge is no longer merely
whether the U.S. can fund physical fabs. It is
whether we can operate a distributed,
advanced-packaging-aware ecosystem under
profound geopolitical uncertainty.

The Operational Imperative

PTCP+TNQG Frmricles the disciplined
mathematical language to compress telemetry,
forecast states, penalize risk, and execute
actions safely within bounded envelopes.

The Strategic Bottom Line

In a decade defined by Al, compute scarcity,
and geopolitical risk, the predictive control
plane governing the semiconductor ecosystem
Is as strategic as the physical fabs themselves.




