Deterministic Al Fabrics on Commodity Ethernet

How Predictive Tensor Control Plane (PTCP) and Tensor-Network Quantum Gravity
(TNQG) operate as a vendor-neutral, validation-driven control substrate.
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The Market Consensus
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Industry Convergence:
Ethernet must become the
high-performance, open
fabric for Al and HPC.

(UEC, Spectrum-X)

Commodity Ethernet is
economically attractive,
but unmanaged

best-effort routing is -
intrinsically reactive. /

Design Axiom:

Al fabric quality is measured [&&

by useful work completed
per unit time and energy,
not by nominal port speed.

A 400G or 800G port

creating job stragglers,
retry storms, or energy
waste is not delivering
its full economic value.




The Ethernet Gap Matrix

AI-Fabric Pain Point Default Ethernet Behavior PTCP + TNQG Intervention

: Relies on hashing/reactive Forecasts collective demand
gsgt?llectwe congestion that discovers and preconditions path

overload too late. geometry.

RAG/Vector-Storage | Allows queries to fan out to Routes by predicted storage
Incast shards, creating p99 tail pressure. | hotness and queue depth.
Multi-tenant Suffers hidden tail risk from Treats identity, trust, and QoS |
Interference background jobs and checkpointing. | as primary tensor modes. ]
Energy & Cooling | Leaves GPUs idle waiting for Optimizes for energy-aware |

Waste | network while facilities burn power. | path length and work-per-watt.
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WHAT IT IS NOT:

Does not repeal
physics.
Does not decree

hard real-time
behavior.

Does not replace
physical hardware
telemetry, RoCE
tuning, QoS, ECN,
or PFC.

PTCP + TNQG Overlay Layer

Core Thesis Text:

PTCP + TNQG serves as a deterministic control
overlay for commodity Ethernet. It compresses high-
dimensional telemetry, forecasts traffic geometry,
optimizes tail risk, applies only bounded safe
actions, and audits residual network geometry.

WHAT IT IS:

An upstream
intelligence layer
reading the data
center as a
coupled system
to route, schedule,
and isolate traffic
before tail failures
occur.




The Spectrum Hard Real-Time Determinism

f D t s Provable bounded latency.
Role: Explicit DetNet/TSN hardware
o e erm I n Ism required. PTCP orchestrates but cannot

+ manufacture physical guarantees alone.

Contractual Determinism

SLO/SLA commitments. :
Role: TNQG provides audit evidence and residual

diagnostics. (TNQG Domain)

Operational Determinism

i Bounded changes, known rollback.
Role: Safe actuation prevents topology churn. (PTCP Domain)

Statistical Determinism

Improved consistency of p95/p99 behavior.  Reference: TETF RFC 8655

Role: Forecasts tail risk, selects lower-CVaR paths. Deterministic Networking
(DetNet) Architecture 1
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The 3-Layer Architecture Diagram

Top Layer (PTCP - Active Controller): Sidecar Layer (TNQG - Diagnostic Audit):
Predictive Forecasting & Planning Residual Audit & Reconstruction

Decides bounded actions \ Diagnoses hidden
from compressed forecast = _ cuts, thermal
state (routes, paces, capacity, and failed
schedules). e model assumptions.








































