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A mathematical paradigm shift for



The Dimensionality Collapse

The Status Quo Failure Modern Infrastructure

Legacy control planes collapse dense operational reality into Modern infrastructure produces highly correlated, multi-modal
isolated scalar edge weights and reactive alerts. telemetry: latency, identity, power, queue depth, and trust posture.
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The Result: A catastrophic loss of cross-modal relationships. A system that cannot represent
cross-modal dependencies cannot reliably detect, forecast, or control cross-modal failures.
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Diagnosing the Abstraction Collapse
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PTCP (Predictive
Tensor Control Plane):
The Substrate Engine

Compresses telemetry,
forecasts state

distributions, routes via - -

risk-aware geodesics,
and physically bounds
actuation. The
operational control
loop.

The Tensor-Geometric Control Paradigm

r

"TNOG (Tensor-Network Quantum Gravity)
g

= =
| PTCP (Predictive Tensor Control Plane) ]
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r_Thta Synthesis: PTCP governs how the system ar;ts—i
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TNOQG (Tensor-Network
Quantum Gravity):

The Geometry
Dictionary

Operational, not
metaphysical.
Reconstructs coherent
macro-geometry from
tensorized relational
data. Translates
capacities, cuts, and
complexities into
auditable distances,
regions, and curvature.

. through the world; TNQOG governs how the system .
t understands the geometry of that world. J, |
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Mechanism 1: Tensor Train Compression

How infinite state becomes computationally tractable without losing cross-modal reality.
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(F Operational Impact: Telemetry modes (bandwidth, queue depth, jitter, power, trust, anomaly score) are m

stored as low-rank cores. The full pattern-of-life state is compressed into a forecastable probability tensor,
Li maintaining the structural dependencies needed for safe control. i)

S —




Mechanism 2: The Operational Geometry Dictionary

TNQG is not a physical spacetime claim; it is an operational translation engine.

Information structure mathematically induces geometry.
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Mechanism 3: Risk-Aware Geodesic Control

Catastrophic operations are often tail events. : _
Expected-cost routing is blind to the upper tail of failure. T =argm1n{E[ZW]+pCVaRq(Zn)}

The Optimization Objective:
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Operational Impact: The controller penalizes the average loss in the high-cost tail. A route with excellent
average latency but unstable p999 jitter (or elevated cyber risk) is calculated as geometrically longer,
naturally steering systems away from rare but severe execution failures.
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