The Sovereign Control Substrate for Autonomous Mobility

Tensor-Geometric Architecture (PTCP+TNQG) for U.S. Transportation Infrastructure

PTCP+TNQG SPECS OPERATIONAL STATUS

Latency: <lms

Throughput: 1.2 Thps

Node Density: 50k/sq km
Redundancy:  3x Active-Active

Network Load: 78% (Optimal)
Active Routes: 1,450,260
Critical Junctions: 12 (Amber/Red)
System Uptime: 99.999%

TNQG NODE-TO-PHYSICAL INTERFACE

CYAN: Telemetry & Safe Path
AMBER: Operational Stress/Bottleneck
DEEP RED: Critical Warning/Tail-Risk
DEEP NAVY: Physical Infrastructure & Base

Sensor Fusion Rate: 100Hz
Processing Core: Tensor-G7
Local Storage: 50GB




The Physical Substrate is Now a Contested Digital Surface
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A road segment is no longer
merely a physical link.

It is simultaneously a digital
commerce gateway, an AV
boundary, and a fleet staging
edge.

Current infrastructure treats
these as separate physical
events; they are actually
competing claims on a shared
cyber-physical state.




Fragmented Optimizers Cause Network-Wide Coordination Deficits
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Signal timing, parking systems, AV operations, and retail queues are managed by isolated data loops. One subsystem
optimizes its own queue while simultaneously increasing curbside conflict or pedestrian exposure elsewhere.




The Reactive Ceiling: The Trap of Average-Delay Minimization

Conventional Active
Transportation and
Demand Management
(ATDM) often optimizes
for the median.

But the limiting
problem in mobility is
not average delay; it is
the high-tail risk of
extreme, cascading
failures.

Managing modern
mobility requires
bounding these tail
events before they
manifest.

Frequency

Queue Spillback

Intersection Lockup

Routine Traffic
Optimization
(The Median)

Secondary Crashes

Emexrgency Blockage

/

Network State




The Tensor-Geometric Substrate: PTCP + TNQG
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This 1s not a replacement for vehicle autonomy stacks or local point-of-sale systems.
It 1s an auditable, shared control plane that enables heterogeneous mobility systems to
coordinate without surrendering data to opaque foreign platforms.




PTCP Phase |: Tensorizing Telemetry into the Pattern-of-Life
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Real-time mobility generates unmanageable state space. PTCP quantizes and compresses joint
telemetry into a bounded-memory Tensor Train, filtering out noise and tagging rare events
(crashes, blocked lanes, cyber alerts) without overloading the control infrastructure.




The Algorithmic Edge Redefining Mobility Geometry
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TENSOR-GEOMETRIC
CONTROL PLANE

In a tensor-geometric
control plane, physical
distance is constant,
but edge cost is
elastic.

Mobility control
becomes a geodesic
resource allocation
problem over a
constantly updating,
risk-aware topography.




Bounding the Fat Tail: CVaR Optimization and Safe Actuation
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Severe Tail-Risk

Autonomous mobility cannot be governed by unconstrained optimization. The CVaR optimizer
mathematically penalizes severe crash exposure and gridlock, while the Safe Actuation layer
legally and computationally blocks actions tha that violate public policy constraints.




The 5-Layer Cyber-Physical Control Stack

TNQG Auditor

{lﬂecnnstructs distance/capacity and residual drift)

Mobility Telemetry

V2X, AV fleets, signals,
parking, curb, weather

PTCP Tensor Core

Tensor Train compression,
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The control plane predicts; the safety layer bounds; the reconstruction layer audits.




Horizontal Transformation: One Substrate, Four Operational Surfaces

Autonomous Driving

« ODD expansion
« cooperative perception

Parking & Curb

« Dynamic inventory
« demand shaping

Tensor-Geometric

Mobility Control

Traffic Operations

+ Adaptive corridors
« emergency routing
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Drive-Through Retail

« Queue-aware orders
« curbside orchestration

A highway AV lane and a drive-through retail queue are fundamentally the same mathematical control
problem: coordinating physical capacity, digital demand, trust, and safety under uncertainty.




Autonomous Vehicles: Infrastructure as a
Predictive Safety Partner

With Waymo serving >14
million rides and
expanting via Uber, the
limiting factor is no longer
vehicle competence, but
city-scale coordination.

Risk-Bounded Advisory |
(Non-Line-of-Sight)

PTCP exposes
safety-filtered advisories,
preventing AV fleets from
discovering hazards by
encountering them blindly.




Intelligent Traffic Systems: Proactive Flow and Emergency Preemption
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Moving from reactive monitoring to risk-aware control. FHWA's vision for ATDM requires reasoning
about signals, ramps, and incidents as one coupled state. PTCP assigns path costs based on
predicted geometry, avoiding actions that look efficient locally but fail under burst demand.




The Curb is a Dynamic Capacity Cut

8:00 AM Q|| 12:00 Py | { 5:00 PM y

Active Traffic
Lane (Peak Relief)

PICKUP PATH: OPTIMAL

| 7 o
Delivery — Ride-Share - i
Staging Area Geodesic 5~ T

ETA: 1.5 min
WAIT TIME: <30s

Parking and curbside operations are active control surfaces for traffic flow. Rather than relying
on static signs or monopolistic private apps, PTCP treats curb inventory as a controllable tensor

-

mode, balancing delivery, ride-share, and traffic throughput under public policy constraints.

DYNAMIC ALLOCATION: REAL-TIME —— THROUGHPUT OPTIMIZATION: >30% —— POLICY COMPLIANCE: AUTOMATED —




Synchronizing Commercial Queues with Street Topology

Order Readiness Queue
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When a drive-through queue spills into a street, retail operations become traffic operations.
PTCP+TNQG connects restaurant AI with mobility AI, ensuring that mobile-order timing, AV pickup
arrival, and payment latency do not undermine adjacent local traffic flow.




The Convergence Architecture: Pluralistic Input, Unified Output
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The sovereignty benefit is data pluralism. Cities, fleets, and retailers contribute telemetry to
a federated exchange and receive bounded routing recommendations. They cooperate securely at the

control layer without ever merging proprietary data or handing monopoly control to a single
private platform.




The Strategic Counterfactual: Platform Fiefdoms
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f Without an interoperable, U.S.-governed control plane, autonomous mobility will fragment. T
Optimization will concentrate where data density is highest, leaving rural, elderly, and low-income
L users with weaker service. The U.S. risks Al capability without sovereign AI control. J




U.S. Al Sovereignty in Critical Transportation Infrastructure
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Safe actuation locks
in ADA, equity,
and emergency
constraints
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Aligned with the White House AI Action Plan and NIST’s AI Risk Management <
Framework. Sovereignty means building, validating, and auditing trusted AI
& infrastructure without losing control of public roads to black-box systems.
g e — B




Sovereign Capability Distribution

Stakeholders

Sovereign Capability Gained

Architecture Role (PTCP & TNQG)

Federal/State DOTs

Gains nationally consistent
evaluation and local policy authority.

PTCP: Encodes risk-aware loops.
TNQG: Diagnostics for policy mismatch.

AV / Ride-Share Providers

Gains interoperable trust without
needing to own the public grid.

PTCP: Forecast context for staging.
TNQG: Detects drift in shared
infrastructure.

Retail & Commercial

Integration into public mobility
without exposing raw POS data.

PTCP: Coordinates queue demand.
TNQG: Audits queue spillback
geometry.

U.S. Al Industry

Gains an exportable reference
architecture.

PTCP: Software-defined infrastructure.
TNQG: Unique reconstruction trust layer.




The Capability-Superset Proof
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The architecture is a mathematically strict expansion of current methods. It
can emulate baseline reactive rules when forecast confidence is low, and
deploy predictive geometry when confidence is admissible.



Quantitying the Tensor-Geometric Dividend

Safety

Fixes queue-related crashes.

Outcome: Fewer deaths;
lower insurance exposure.

Congestion
Fixes network spillbacks.

Outcome: Recaptured
productivity from delay and
idling.

Sustainability

Fixes parking

search/redundant tri

Outcome: Lower fue

pS.
waste

and reduced corridor

noise/emissions.

Resilience

Fixes extreme
weather/cyber faults.

Outcome: Residual-governed
fallback prevents system
collapse.




4-Phase Deployment Architecture

Phase 0 (0-90 days):

Shadow-mode )

corridor twin.

Phase 1 (3-6 mo):
Advisory PTCP
oo IMC:

Phase 2 (6-12 mo):
Bounded

actuation pilot
(human approval).

Phase 3 (12-24 mo):
Multi-segment
integration (AV,
Curb, Retail).

Phase 4 (24+ mo):
National
reference
architecture.
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reconstruction or too high. violations. benefit over
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Rigorous phased deployment. No direct actuation of public infrastructure occurs until
shadow-mode calibration and safe-set projections are independently validated.




The Peer-Review Validation Protocol

Evidence Standards

1.

Compression

Meaningful rank
reduction without
decision-
relevant loss.

2.

Forecast
Validity

Beats
Kalman/ARIMA and
static-state
controllers.

3.

irafEhac
Efficacy

Statistically
significant gains
over existing
ATDM baselines.

4.

Safety
Margin

Measurable
reduction 1in
high-tail safety
exposure
(near-misses,

hard braking).

9.

Governance
Stability

Zero critical
policy or
override
violations in
pilot.

AI sovereignty requires proof, not just prediction. The next step is a
trace-driven, shadow-mode corridor pilot with independent evaluation, clearly
bounded actuuation, and transparent public-interest governance.




