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The Executive Summary

10-15%

GPU Cycle Time Wasted

Multi-million-dollar
Exascale compute silicon
sits in idle iowait states
waiting for dropped
storage packets.

50-200ms

Tail Latency Penalties

TCP retransmission
timeouts completely stall Al
application execution and
model training.

$0

Required Hardware Refresh

Software-defined
mathematically prevents
packet drops without ripping
and replacing existing
Ethernet switches.



The Al & RAG Data Imperative

Legacy LLMs

Text-based LLMs operate within Modern Retrieval-Augmented Generation
predictable, lightweight context windows. (RAG) requires concurrent semantic search
across billions of vectors.

The Time To First Token (TTFT) is fundamentally dictated by storage latency. If even one distributed
storage shard is delayed by a 200ms retransmission, the entire inference prompt stalls.




N Storage Nodes

The Physics of Failure
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The Incast Microburst

Distributed RAG queries force
massive, simultaneous responses
from all-flash NVMe arrays.
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The Reactive Failure

Standard TCP and RoCEV2 rely on
shallow Ethernet switch buffers. When
buffers overflow, TCP drops packets,
triggering lic AIMD sawtooth collapse.

The HolL Block

Even lossless networks suffer
Priority-based Flow Control (PFC)
storms that freeze the entire fabric.




The SR-I0OV Paradox

To feed our Al clusters, we deployed Single
Root 1/O Virtualization (SR-I0V) to bypass

host OS bridging and accelerate throughput.

The Paradox:

Because SR-I0V is so brutally efficient, it
pushes parallel storage data to the wire
instantly. This eliminates local latency but
rapidly accelerates the Many-
accelerates the Many-to-One

microburst, overwhelming the ToR switch
buffers even faster.

Hypervisor /
Host OS Stack

Virtual
Function (VF)



Paradigm Shift: Reactive vs. Predictive
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The Reactive Network (Legacy)
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Congestion control is managed
after the crash occurs.

Move intelligence away from the physical switches and embed it directly into the Linux kernels of the storage controllers.

The Predictive Edge (PTCP)
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Congestion is mathematically prevented
before data hits the wire.




Tensor Networks’ Predictive Tensor Control Plane (PTCP)

* Microscopic Footprint

We inject compiled eBPF C-code directly into
the Traffic Control (TC) layer of the storage
array's Virtual Functions.

 O(1) Offload

Operates natively at the Linux netdev layer,
maintaining the strict CPU-offload benefits
of SR-I0V.

 Hardware Agnostic

Requires zero proprietary switch ASICs;
executes entirely on the host edge.



The Mechanics of Earliest ¢ Departure Time (EDT)

Legacy
NVMe/TCP
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Departure Time

1. The PTCP Orchestrator utilizes a 2. The eBPF agent intercepts Socket S. An Earliest Departure Time (EDT)
Pattern-of-Life Tensor Train (PoL-TT) Buffers (skb) and manipulates the schedule is applied, interleaving
model to calculate the exact clearing tstamp. data precisely.

rate of the ToR switch.



Autonomous Zero-Trust Storage Security

Storage arrays are the ultimate target for
ransomware and lateral exfiltration.

Storage arrays are the ultimate target for ransomware and
lateral exfiltration. Whenever he reconmented the security
condenant can Ilrsent than and stande more arm export.

The Mechanism: Because PTCP’s PoL-TT
models the exact flow state of vector
queries, any unauthorized lateral data
dump or anomalous mass encryption
mathematically violates the baseline.

The Benefit: The eBPF agent autonomously

severs the connection at the kernel layer in
nanoseconds—containing threats instantly
without the latency penalty of inline firewalls.






























