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Fradicating the Incast Bottleneck with PTCP




The Storage Determinism Mandate

Multimodal & RAG Al: Massive video and high-dimensional vector datasets have shifted the definitive
performance bottleneck directly to the storage network. Best-effort is no longer viable.
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Processing text tokens relied on “best-effort” reactive networking. Multimodal & RAG Al: Massive video and high-dimensional vector

datasets have shifted the definitive performance bottleneck
directly to the storage network. Best-effort is no longer viable.



The Definitive Bottleneck: Many-to-One Incast
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When a GPU cluster initiates a parallel
read—such as a sharded RAG vector
search—multiple storage nodes respond
simultaneously.

This creates an instantaneous microburst
at the Top-of-Rack (ToR) switch ingress,
overwhelming the destination link.
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The Physics of Storage Congestion

Egress rate of the i-th
storage node.
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Conclusion: Microbursts are a mathematical certainty in distributed Al
storage, fundamentally breaking traditional network protocols.




The Infrastructure Failure Chain

Stochastic collapse migrates from hardware buffers directly into the kernel's transport layer.

1. Shallow ToR Buffers
Overflow

2. AIMD “Sawtooth” Collapse
or PFC Storms

3. 50ms to 200ms
Retransmission Penalty
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The "Lossless" lllusion

TCP/IP RoCEv2
- Drops packets. - Generates PFC PAUSE frames.
- Triggers retransmission - Triggers Head-of-Line (HolL)
timeouts. blocking.
- Stalls AI prompt generation. - Catastrophic "PFC storms"
freeze fabric.

The SR-IOV Paradox

Using Single Root I/O Virtualization (SR-IOV) accelerates storage throughput, which
 paradoxically exacerbates Incast by hitting ToR switches with microbursts even faster. |



The True Cost: Idle Silicon & Lost ROI
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Predictive Tensor Control Plane (PTCP)

Moving intelligence to the source.
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Transforming standard Ethernet into a deterministic, lossless fabric by moving congestion
control out of the physical switch and into the storage kernel.



Matrix: Reactive vs. Predictive Control

Feature Legacy TCP / RoCEv2 (Reactive) PTCP (Predictive)

Responds after drops or PAUSE

FaEa 0(1) pacing at the source

Congestion

Near-Zero

Buffer Use | High (Buffer bloat & Hol blocking) (Mathematical interleaving)

Deterministic

] fiaa + 5
Latency Jitter-heavy (5@ms+ spikes) (Sub-millisecond bounds)

Behavior AIMD Sawtooth or PFC Storms Linear, constant-rate delivery

Hardware Deep-buffer switches or InfiniBand Commodity Lossless Ethernet




Core Architecture: eBPF & SR-10V

PTCP paces data after the host OS stack but before the NIC hardware queues, maintaining hardware acceleration
while enforcing determinism.
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The Brain: Pattern-of-Life Tensor Train (PoL-TT)

Application-Layer
Graph

e Understands
execution intent.

ﬁ

Calculates Switch
Clearing Rates

PoL-TT Engine

Predicts impending
Incast events

mathematically.

Updates BPF Hash
Maps in Real-Time











































