Unlocking the Optical Data Center

Bridging Commodity Hardware and Exascale Al with
the Predictive Tensor Control Plane (PTCP)
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—L ==§'— - The Exascale Infrastructure Triad Under Strain 'Pﬁ e

Compute

Al requires dense clusters of hardware
accelerators (H100s, TPUs) transmitting
massive gradient updates simultaneously.

Storage

Continuous data ingestion
and rapid model
checkpointing demand
immense |/0 capabilities.

Networking

The network must handle these
simultaneous microbursts with
extreme high-throughput,
low-latency determinism.

Key Insight: Computational power is no longer strictly bound by individual chips.
The true bottleneck is how efficiently tens of thousands of distributed GPUs communicate. |
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Synchronized

; Gradient Updates — — —

Massive amounts of data
converge on single switch ports
Hﬂt the exact same microsecond.
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'fThE Hardware Limit:

Rare instantly overwhelmed.

Shallow physical hardware buffers
on standard Top-of-Rack ASICs
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‘The Hardware Limit:

Shallow physical hardware buffers
on standard Top-of-Rack ASICs
are instantly overwhelmed.

"The Result:

Physical resistance causes
catastrophic packet drops,

Htriggering massive network retries.
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(1. TCP Throttling

When network congestion
throttles storage access,
Eata ingestion stops.

"
2. Storage Choke
Without data, expensive GPU
compute cycles sitidlein a

wait state.

HS. Idle Compute

This wait state translates directly to
massive financial inefficiencies and

hextended Al model training times.
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Bausg TCP/IP’s Blind Reactivity

The R

A I | B A Reactwe Mechanics W

Standard TCP is a loss- drwen protocol
designed for static, best-effort internet
' traffic, not exascale Al.

";.-'r..- ‘ = — ﬁ.,
‘ GZ) Zero Hardware Awareness
} | | TCP has no intrinsic awareness of a
1] [f CT 5'.' L I\ = = physical switch’s buffer capacity.
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% / ‘**”T [ © [ The Brute Force Lnnp
& , P \ | /m“- e It nperates I:w blindly transmlttmg data
D {;ﬁ ~7 (o . faster and faster until it encounters
Va , _ physical resistance, drops a packet,
/ - and triggers a catastrophic reset.
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Visualizing the Fa!!urg '!'hg TCP Sawtooth

Buffer Overflow
V4 The Wasted Area:
This empty area under
the curve represents
strictly lost
throughput—
translating directly to
unutilized GPU

capacity. Violent
Violent oscillation

prevents maximum
theoretical
throughput.

The Climb: ——
TCP blindly
accelerates until
packets drop.

Throughput
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The Crash: |
TCP detects loss, assumes total

congestion, and severely
throttles speed.
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The Breakthrough: Predictive Tensor Control Plane (PTCP)

From Reactive Loss to
Software-Defined Determinism.

O

PTCP discards the loss-driven mechanics of the past. By taking a
mathematical, proactive approach to congestion, PTCP solves
bufferbloat at the host level—allowing standard Ethernet networks
to achieve InfinBand-level determinism.
























