Fant
s

PEESIETIVE °
ACTIVATED

SAFETT BOUNDARY

“t | PREOECESVE

?
1

. = CONSTRAXNY

ACTIVATED

FMAT
» TOLERANEE

o.._

SEQUIRED

|

MURTERANCE

w
=
X /
[ =
v
8 2
<
R
w 2 o«
= wao
= Y=L
L ond R
O W@
w ..“.m"u
M Y 3
™
o &d34%

ing

How PTCP+TNQG Creates the

ics and

Robot

Sovereign Lights-Out
Manufactur

Connective Control Substrate

for the U.S.

Al-Component Ecosystem
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f]Semiconductor sovereignty requires more than fab construction subsidies.
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The Physical Capacity ($50B CHIPS Act)

ULTRA-PURE HVAC & ENVIRONMENTAL
WATER FACILITY-—\\ CONTROL
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WAFER FABRICATION
MODULES

SITE ACCESS
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CAPITAL INVESTMENT. PHYSICAL INFRASTRUCTURE. EQUIPMENT PROCUREMENT. [
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The Missing Substrate

DISCONNECTED -—
ROBOTIC ARMS

FRAGMENTED
ROUTING PATHNAYS
(SAFETY ANBER)

MISSING MATERIAL
FLOW CONTROL

UNRESOLVED ——————————]

CYBER-PHYSICAL LINKS

_— AUTONOMOUS
SYSTEMS OFFLINE

'6“-‘9 OPERATIONAL INTELLIGENCE. CYBER-PHYSICAL CONTROL. PROCESS INTEGRATION.

A “lights-out factory” is not merely a dark building full of machines. It is a highly coupled ¢C:
cyber-physical control problem. True resilience requires dominating the phy51ca1 execution layer:
robotics, network routing, tool recipes, and autonomous material flows.
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Global competitors are treating robotics as an integrated

production fabric, while U.S. adoption lags.
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U.S. rank in robot density

(307 per 10k employees),

trailing South Korea
\\(1,220) and Singapore (818{7
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Total industrial robot
installations globally.
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'54% vs 6%

China installed 295,000
units compared to the

\¥U.S. at 34,164.
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r_Strategic Impact: The AI-component ecosystem (electrical/electronics) drives 24% of =

. all robot demand. This is the primary theater of automation competition.
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The counterfactual risk of isolated factory automation.

I : ) =
The Sovereignty Reality Check )

L= - ,

‘Without Unified Control | With PTCP+TNQG .
rlv,,w / \u/ \_‘
Capital Underutilized CHIPS-era capital : s :

[Utilization due to siloed tools. High OEE and maximized uptime.

N\ 27N 7

7z 7 : : : N/ A\
‘Automation Persistent reliance on foreign Auditable, domestic
Sourcing E;g‘zt_';(e);ary clouds and integrator intelligence layers.

@ /Massive blast radius from s N\ . . - o )
'Cyber-Physical ; N1/ '|' Topology-native security and L\
Risk PTCO0T SeRpiy chalh a ik isolated anomaly geometr : @/ ;

L 1S (NIST C-SCRM vulnerability). 4 \h__, YASEOMELLYis W

O\ AN /L\ 7

@ 7 7 N
Crisis Fragile supply lines Rapid retasking and alternative
Response unable to adapt. routing during shocks.
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Redefining the optimization goal of industrial control systems.

EThe Manufacturing Control Paradigm Shift

PTCP+TNQG Architecture _T

Dimension Current Paradigm

Data Siloed PLCs, MES, and Multimodal tensors fusing robot,

Architecture cybersecurity logs. tool, and network state.

Optimization Average-throughput CVaR tail-risk optimization

Goal targeting. (targeting p95/p99 reliability).

Security Reactive alerts and Topology-native security ' & °

Posture perimeter defense. (intrusions modeled as ‘2%’
geometric deformation). L Y

Exception Brittle hard-stops and Safe-set bounded continuous

Handling manual resets. adaptation.

HiimantRole Reactive firefighter High-level governor defining

diagnosing opaque failures.

'invariant constraints.
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The Tensor-Geometric Control Loop

A fully governed lights-out factory, not unconstrained, unpredictable AI autonomy.

TNQG reconstruction layer:
bottleneck cuts, distance/capacity maps,
curvature stress, residual tests

»@ PTCP supplies compressed predictive Mﬁ TNQG supplies the diagnostic lens for

control and bounded actuation. reconstruction and residual mapping.




Compressing multimodal factory

state via Tensor Trains.

WThe Mechanism -\

Modern control environments generate dense,
conflicting data. For a manufacturing cell, the
state vector x;(t) includes joint torque,

thermal margins, wafer residuals, network
jitter, and cyber anomaly scores. ////

gyThe Math b

PTCP approximates this state using Tensor
Train cores. Instead of unmanageable 0(n”d)

storage, it compresses state to 0(dnx2). ////

ZyThe Outcome oY

Edge controllers can reason over thousands
of coupled variables simultaneously without

computational explosion. ////

joint torque-——\\\:
thermal margins-——x\\_
wafer residuals —_ | N

network jitter-——\\\:
{

cyber anomaly scores

High-Dimensional Telemetry Tensor




Forecasting stress geometries

COST GEOMETRY

and targeting p99 tail risks.

IZ/Predictive Geometry Y

Forecast state is mapped into cost geometry.
A route or tool is geometrically short when
secure, high-capacity, and low-jitter.

It becomes long when congested,

cyber-suspicious, or thermally stressed. ////

ZVCVaR Optimization )

Standard AI optimizes for average outcomes.
PTCP applies Conditional Value-at-Risk

(CVaR) to penalize future tail-loss.

s
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ZVThe Outcome

The factory actively maneuvers to avoid
scrap events, p95 downtime, and rare

catastrophic failures before they manifest.////
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Projecting all actions into strict,

invariant safe-sets.

ZVThe Mechanism D

After calculating the optimal action,
the result is projected into a defined

safe action set (Q_safe). ///

7/The Boundaries )

These are hard invariants: reachability
limits, robot collision interlocks, OT
network segmentation rules, export-control

data segregation, and human approval gatfi,/

EVThe Outcome b

If a model prediction is wrong, the
resulting action may be suboptimal, but it
1s mathematically guaranteed not to bypass
physical safety or cyber policies. ///

Gooresrserbrecr e evecorsee o)@)

Optimal but unsafe
theoretical path

Target
destination

- Hard Invariant
- Constraint

‘$\__0ptima1 safe path
projection



TNQG provides the falsifiable
reconstruction vocabulary.

TNQG is utilized operationally, not e o
metaphysically. It maps tensor observables . sBott{ini'é‘iﬁ
into actionable plant geometry.

v N -/ <
| SRES
SIS
I cee -
= X 4 Curvature =
__________________ /.w,“ > S Localized stress
i I I [ (thermal, network,
"' =N or mechanical)
[ - 2 - \ Residuals =
> e B Model failure or
| operational dela
7 The Outcome 2 P y

The Outcome: Process engineers can ask not just “is this robot
failing?”, but “is the entire production geometry deforming
toward a cyber intrusion or quality loss?” ///




Autonomy with Accountabillity.

A Messy Reality

N

Sensor A: 194,234

8: FALL

C: 0.6831

Log: code: 64588979, 180012660
| 6rror codes: 160

* |}t Unstrestured log files

Log: [ERROR] - Timeout

[IRFO] - Rae feed

[IKPO] - Noize detected

INARR] ~ Noise detected

Senser Al
A

200
T{
H o

Senser A: 194,234
A: 7.104
B8: FalL

L: 0.6631 )

Log: (ESAOR] - Timeout o B

INFO] - Row feed ol —
noR0] - Norse detected ool Gl RN RGeS

The Synthesis:

PTCP+TNQG does not replace certified robot controllers or human

%

Tensor Control Plane

PEAK:
ALIGNMENT/SAFETY LAYER

FOUNDATION:
TNQG HARDWARE LAYER

2
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CONTROL LAYER: [* -0 o’

PTCP ROUTING LAYER| (& L.
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The Substrate of General Intelligence:
A Holographic Cognitive Infrastructure

PHYSICAL DISTANCE DETERMINED

4
G SEMAMTIE GORRELATION .

STAYE_ESTDINIOK  TALL_RISX_PRESICTOR
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STATE_ESTIMITCR
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TALL_RISK_PREDILTOR  BOANDER_OPTIRIZIER
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BOURGE_OPTINIZER  SAVE_SET_PROJECTOR

a

engineers. It acts as the essential upstream intelligence layer.

Constrained Execution

SOFARE Relay BED
INT: DUTENT
FIEP_Beunded_Cad [ —1— | { ) Prz_tete_Actoste
RELay
Py
Reclay Retay k‘lly i
=00+ »
IRFANL :
SAFETY_IXTERLOES : : BUTINT:
EMALE t ; < )— PLL_Sete_Actuste
L [ALRD THSASLANT COSSTRAINT
>

| MASD TRAARIAST COSSTRAUINT SAFC_SET, SONBARY |
 y . “

The Translation Layer:

It ingests immense cyber-physical complexity, calculates predictive

tail-risks, and outputs mathematically bounded choices that existing
PLCs and MES systems can safely execute.
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tecture for a Secure Deployment

Layer 6: Human Command & Audit

Dashboards, NIST AI RMF alignment, rollback

Layer 5: Safe Actuation Gateway
Applies only projected safe actions; never bypasses interlocks

Layer 4: TNQG Diagnostics

Computes bottlenecks, curvature, and failed assumptions

Layer 3: Forecast & Geometry
Computes demand, tool stress, cyber posture

Layer 2: PTCP State Fabric

Normalizes and compresses telemetry into Tensor Trains

Layer 1: Trusted Telemetry Adapters
OPC UA, ROS 2, MTConnect; enforces data least privilege

Layer 0: Physical Execution
Robots, tools, lasers; deterministic motion controllers
remain fully in charge

N
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Securing the entire Al-component supply chain

AI-Component Supply Chain Map [ ,
® @ ' @ ®
y.2 N pa N\ P N pa A\
EDA & Simulation ! Semiconductor Fabs , Advanced Packaging | , Warehouse & AMRs
(e.g., Synopsys, NVIDIA) ’ (e.g., TSMC, Intel) ' (e.g., Amkox, ASE) (e.g., Symbotic, Amazon Robotics)
Managing volatile HPC Coordinating highly Reducing queue-time Optimizing material-flow
compute demand and | governed tools, recipes, and variance and isolating routing under congestion,
diagnosing capacity cuts in i metrology dispatch against quality excursions before battery, and cyber constraints
design farms : OT network state , they propagate in complex
’ HBM integration
— < ' = LA A < A .
S ’ L. 5——— PICP Connective Tissue —==<s. . = 1t : ===
VA 3
\\\

PTCP Connective Tissue
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Ten operational solutions powered by tensor-geometric control.
Jis: =)
Cell-Level Controls Plant-Level Diagnostics Ecosystem-Level Governance
Lights-Out Safe Autonomy Predictive Maintenance Geometry - Sovereign Al-Component
Retasking without violating collision/recipe Fusing vibration, vision, and metrology Operations Fabric Digital Twin
nvariants. ’ residuals. Auditable domestic intelli- Identifying where supply
VIBRATION gence plane above PLCs. chains actually fail.
. VSSION _: Q‘@ s {‘g@{mj - > .
C i ~— SecureData [ i FALLURE
ﬁ%ﬁ [ iéiﬁo?ﬁ/ : [ —— <3 A POINT
' '5\ by 5 = ' AUDTTABLE
)6\. ol dl | Sovereign Fabric J &
. D
=] Energy-Aware Production NPJ,,,,: R S . §?§s «
INVARTANT CONSTRAINTS Optimizing energy limits and grid \__] 1L e | Sy, --
constraints per unit. —TRR PLCs PLCS PLCS
N — GRID LIR
" > S B &_\{ﬁ S
Multi-Robot/Human Coordination | e Zero Trust for OT Supplier Provenance
Risk-aware task allocation (AMRs, cobots, techs). e { 7 Embet_iding cyber scores into Graph
REAL TINE PONER routing state. Representing SBOM and part
 CYBER SCORE provenance as tensor modes.
. g CYBER SCORE
Human Supervisory Command : l ” occar 5 _
Explainable rollback logs and kill gates. E&
X Rolback Log X | O
"—J KILL SATE 12:22:92 N, 5060 et > ‘-}o\
13:51:55 H. 6660 BBl
15:85:84 H. ¢ [——— :
— 13:51:86 N. 0060 (Emm
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Topology-Native Cybersecurit

and Zero Trust OT.

The Flaw in Reactive Security

Traditional manufacturing alerts treat
anomalies separately from production logic.

The PTCP Approach

Treats compromised credentials, anomalous
flows, and policy violations as geometric

deformations in the plant's production capacity.

NIST Alignment

Directly supports NIST CSF 2.0 and C-SCRM by
moving cybersecurity closer to production continuity,
reducing blast radius, and governing supply-chain risk
without halting unrelated production lines.

y

Geometric Deformation
Containment timony

{ N V\~
\\\

A

Geometric Deformation
Containment
(Blast Radius Reduction)

&



A Public-Private Pathway to Sovereign Implementation.

NIST and Manufacturing USA

defining measurement artifacts, f <</ > - NSTC/NAPMP partnering with
benchmark protocols, and safe-set \ | Z I | commercial fabs for tool

stress traces. Y scheduling, packaging queue
15 __| | control, and provenance
= > || testing.

- MEP programs packaging
advisory-mode templates to
lower the barrier to advanced
robotics for small and

medium manufacturers.

DoD facilities validating rapid
retasking and cyber-resilient
production in secure environments.
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The 180-Day Deployment Protocol.

The Philosophy: Commercial rollout must be milestone-based

No broad claims; trace-driven evaluation only.

The Falsifiable Validation Funnel

TELERETRY X I
INGRESS

mr—x - —" —
°1ﬁ5§£= t:

il
£

= = — CONPRESSION
/\/\/ - ERROR: 1.4%
TELENETRY

INGRESS AR AT TV

Run PTCP on historical/live

telemetry. Measure ccmpression error

and forecast calibration against
baseline operator decisions.

SN E
N\
N

Integzrate TNQG reconstruction
dashboards. Provide recommendations
for scheduling and maintenance with
human approval only.

|  coseo-oop | >
| acTIoNs —
’: | ﬁ > i
qiL’ |
: -‘ /‘!'r’:" ‘I‘-—-—_—) ! ¢

: — ROLLBACK CAPABILITY:
ENABLED

Authorize low-risk closed-loop
actions. Mandate rollback
capabilities, event logs, and safety
audits before expanding scope.

!

|

and empirical.

Deployment

|
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Empirical superiority requires hard validation gates.

Sl
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Validation Domain

—

Required Measurements

-

YL LS LSS LS

Hard Kill Gate

-

Forecast Calibration

Horizon error, drift

|

Model fails to identify uncertainty

7

response. or degrade gracefully to baseline.

/ Production-Tnpact ( OEE, first-pass yield, WIP ||| Fails toimprove business metrics
/ | queue. | without degrading quality.

%
: ' CVaR optimization underperforms
% , : | p99 downtime, recover 2 i
| Tail-Risk Control ) 'Fc)ime ' y ~ average-cost optimization under
' “ stress.
- -
Z /] % iti i :
/ Safaty & Cvber ~ Override success, near-miss || tZelro ctr 'tc'l‘,:al safctaty Nioiatis
/ y y ‘| rate, time-to-contain. - RCTAIy, O SULOnomans

quarantines that break safety policy.
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Suvermgnty |s usable capamty
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The Conclusion

The United States cannot win the
robotics race by merely building
physical structures.

We must govern the cyber-physical
system inside them.

A EIRELCENEY

True strategic autonomy means

operating with world-class
utilization, measurable safety,
and complete domestic control.

The Substrate

PTCP provides the compressed predictive
control. TNQG provides the diagnostic

lens. Together, they form the human-
governed substrate required to turn
massive domestic investments into
resilient, lights-out output.
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