Securing and Optimizing Public Sector Data Infrastructure: The Predictive Tensor
Control Plane (PTCP)

Executive Summary

Modern public sector infrastructure—encompassing Federal defense networks, State,
Local, and Education (SLED) data centers, and critical Utility grids—currently operates
under a reactive paradigm. Standard commercial off-the-shelf (COTS) hardware typically
handles large-scale workloads by moving data only after demand appears, creating
significant operational bottlenecks.

The Predictive Tensor Control Plane (PTCP) represents a transformative shift from reactive
to predictive infrastructure management. By implementing a mathematical framework
based on PoL-KDE with Tensor Train (TT) decomposition, organizations can orchestrate
existing silicon and protocols (CXL, NVMe, and Ethernet) more intelligently. This approach
eliminates the need for costly "rip-and-replace" hardware cycles, instead extracting
maximum utility from current investments. Key outcomes include enhanced security via
mathematical compartmentalization, improved resilience for critical utility grids, and
significant capital savings by extending hardware lifecycles.

1. Sector-Specific Applications and Advantages

The PTCP framework addresses the unique constraints and mission requirements of
different public sector verticals by providing a smarter semantic layer over existing
hardware.

Federal and Defense: Secure, Anomaly-Resistant Intelligence

Federal agencies manage high-sensitivity Al workloads where security and resilience are
paramount. PTCP introduces several defense-in-depth mechanisms:

e Mathematical Compartmentalization: Telemetry is tagged with specific tenant IDs
before discretization. This allows the system to mathematically isolate behavioral
profiles, preventing the exposure of sensitive application signatures.

e Champion/Challenger Mitigation: To prevent the predictive model from absorbing
cyberattacks into its "normal" baseline, PTCP utilizes a "Challenger" model. This
model learns in a quarantined environment; if it detects massive traffic shifts
indicative of an attack, the data is isolated rather than integrated into the system's
baseline.
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e Hardware-Level Defenses: Models are protected through cryptographic signing
and execution within Trusted Execution Environments (TEEs) or confidential
memory.

SLED (State, Local, and Education): Maximizing COTS and Multi-Tenancy

SLED IT departments face budget constraints that require high utilization of taxpayer-
funded resources without frequent hardware replacement.

e Maximum Hardware Yield: PTCP rides directly on standard protocols, allowing
agencies to extract peak performance from existing matrix-math optimized
hardware.

e Privacyin Shared Environments: In multi-tenant municipal or research
environments, the system uses tenancy tags within the state-vector schemato
scrub proprietary signatures before data summaries leave local nodes.

e Bounded Control: To prevent catastrophic downtime, the predictive Al operates
within strict "policy envelopes,” ensuring autonomous decisions do not lead to
system-crashing oscillations.

Utilities: Resilient Critical Infrastructure
Utility providers manage distributed systems subject to bursty telemetry and grid surges.

o Unified Behavioral Models: Traditional architectures suffer from "blind spots"
where network fabric managers and storage controllers operate independently.
PTCP coordinates these layers simultaneously, allowing the system to anticipate
how a network spike will impact storage 1/0.

o Traffic Pacing: The system uses APls to emit "bounded hints," advising managers to
preemptively shift paths or pace traffic before congestion forms, rather than
reacting after the grid is stressed.

2. Core Mathematical Foundation: Tensor Train (TT) Decomposition

The primary challenge in predictive infrastructure is the "curse of dimensionality"—tracking
the joint state of all infrastructure variables creates a data set too large for standard
hardware memory.

PTCP solves this using Tensor Train (TT) compression. This allows the system to
approximate massive states by evaluating marginals and conditionals directly near the
data path.
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3. Value Proposition: Performance, Autonomy, and ROI

The adoption of a predictive model fundamentally shifts the Return on Investment (ROI) for

public funds by focusing on system yield and lifecycle extension.

Improved Performance

PTCP targets the bottlenecks that throttle throughput and increase latency:

e Predictive Pre-positioning: By forecasting data reuse, the system moves data to
high-speed tiers (like HBM or CXL shared memory) before the request arrives.

o Eliminating Storage Stalls: It prevents system response times from being

dominated by slow storage I/O when caches spill over.

Advanced Autonomy

The system enables a self-healing infrastructure that reduces the need for manual

"firefighting":

o Safe Closed-Loop Operation: Network adapters and storage drives autonomously

prefetch or pace traffic within defined limits.
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Oscillation Prevention: Operating within policy envelopes prevents the system
from amplifying tail latency or experiencing destructive instability.

Priority Management: During grid surges, the system can autonomously
deprioritize non-critical traffic to ensure critical optimizer-state transfers remain
uninterrupted.

Capital and Operational Savings

The financial benefit of PTCP lies in its ability to modernize data centers without new
hardware:
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Silicon Optimization: The framework validates and utilizes the latent power in
modern data centers, reducing the need for proprietary or exotic new transports.

Converged Efficiencies: Because the same mathematical model governs both
network pacing and storage handling, the systems act in coordinated unison,
reducing redundant operations.

Budget Preservation: By extending the lifecycle of COTS hardware, agencies can
save millions in capital expenditures, preserving funds for actual public services
rather than IT infrastructure replacements.
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