Tensor-Geometric Control and Reconstruction

Next-Generation Solutions for High-Dimensional Systems




Complex Systems
Are Drowning In
Flat Telemetry

Modern cyber-physical systems are too
high-dimensional to be managed by
scalar counters and independent alerts.
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[ Correlated anomalies hide in the blind

spots of disjointed monitoring.

.
Independent asset health fails to

capture system-level dependencies.
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Risk is treated as a flat metric, not a
compounding topological threat.
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Transforming Noise
iInto Navigable
Geometry

What if we could see the operational
shape of the system? By mapping
multidimensional data to geometry, we
reveal the hidden topological structure
of complex dependencies.

Complex dependencies have an
operational geometry.
Tensor-level compression turns
overwhelming noise into an
actionable, spatial landscape.




A Dual-Engine Framework for High-Dimensional Control

The PTCP Layer The TNQG Layer

(Predictive Tensor Control Plane) (Tensor-Network Quantum Gravity)
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The integration of PTCP and TNQG creates a unified operating model. PTCP provides the
bounded action and telemetry; TNQG provides the falsifiability and geometric reconstruction.



Mapping Network Behavior to Physical Topography

Bottlenecks as "Cuts” Anomalies as “Curvature” Risk as “"Distance”
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Network capacity and physical Coordinated attacks or systemic Risky, unverified, or contested
thresholds manifest as stress warp the expected shape routes literally stretch further apart,
measurable bottlenecks in the of the operational pattern-of-life. forcing the system toward safe

topological structure. paths of least resistance.



The Tensor-Geometric Processing Cycle

Compress
(Telemetry to Tensor)

High-dimensional state is compressed
Into a bounded Pattern-of-Life Tensor

Validate
(Residuals & Safety Gates)

Force every claim through prediction
residuals, safety envelopes,

and domain constraint tests. Train (PolL-TT) density model.
Predict & Route 80 "~ Reconstruct
(Risk-Aware Action) &€ — - (Tensor to Geometry)

The model maps capacities to
lengths, cuts, and curvatures
using the TNQG dictionary.

Generate scenarios with transition
models to select paths minimizing
expected cost plus tail-risk penalties.




Standard Pipelines vs. Tensor-Geometric Architectures

Scalar Telemetry Pipelines  Tensor-Geometric Architecture

Independent counters and flat

State Representation vector embeddings.

Low-rank Pattern-of-Life tensor density.

. — Mean-path cost and Risk-aware geodesic routing (Expected cost +
Routing Optimization g 121 Cost Multi-Path (ECMP).  Conditional Value-at-Risk).

Isolated SIEM alerts and Topology-native defect detectors (Digpo)

Anomaly Detection i inted threshold breaches.  combining likelihood, curvature, and cut shifts.

Unquantified blind spots and Physics-inspired falsifiability; explicit residuals

Validation black-box confidence scores. quantify the delta between model and reality.

































