Data-Driven Engineering Editorial

The

Eradicating RF Buffer Bloat and Maximizing Wi-Fi Capacity
via the Predictive Tensor Control Plane (PTCP)
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PREDICTIVE SCHEDULING

_ Predictive Tensor Control Plane (PTCP): Al-driven, real-time orchestration
2ZE of airtime, enabling micro-second precision scheduling and eliminating
contention cycles.




Modern enterprise networks are fractured
by a fundamental physical mismatch
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THE WIRELESS DOMAIN

. > Full-duplex ., Chaotic, half-duplex g Governed by
% Tezablt speeds <{= transmission r:"_j_\) collision domain £, CSMA/CA

= Isolated collision Volatile Only one device can
=5 - , . ; (@), :
=1 domains via advanced Highly predictable contention-based transmit on a
ernet switchin sics channel at a time
OO0 Ethernet switching ] A physi ®© channel at a ti




Standard TCP/IP catastrophically misinterprets
the wireless air interface

TCP ASSUMPTION (THE WIRED MINDSET)

TCP Assumption: Network router is congested
at absolute capacity limit.
Action: Halves the congestion window.

Steady Throughput

Time

WI-FI REALITY (THE WIRELESS TRUTH)

4——— Wi-Fi Reality: Packet dropped due to transient RF
f/ interference, multipath fading, or hidden-node
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TCP's aggressive back-off mechanism artificially throttles throughput.
The software assumes a hard capacity limit, but the reality is transient RF noise.
Result: Available spectrum is left unused while latency spikes.




The Microburst Trap creates severe
Access Point buffer bloat

Enterprise Server

Microburst AP Memory

. Buffer Overload
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As the AP struggles to serialize data over the contested RF spectrum,
queueing delays skyrocket. VoIP calls and real-time frames stuck behind
this buffer experience hundreds of milliseconds of jitter.




Decoupling congestion control from physical hardware via PTCP

Predictive Tensor
Control Plane (PTCP)

Intelligence moves upstream
to the host OS, gateway,
or AP kernel using eBPF.

A By moving intelligence
upstream, PTCP transforms
= unpredictable Wi-Fi into a
deterministic, zero-jitter
extension of the
enterprise Ethernet fabric.

l-—-l—-l'-- E— T
i

Physical Access Point Hardware ~

Congestion control locked inside constrained
AP processors. Relies on reactive packet
dropping.



Feed-Forward RF Modeling replaces reactive packet drops
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Input Environment:
50 concurrent clients

Effective RF throughput: 150 Mbps
(constrained by interference)
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PTCP Global Orchestrator Compute:
Continuously modeling clearing rates
via Pattern-of-Life Tensor Train
(PoL-TT) mathematics.
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Bounding Policy Envelope

Output: Bounding Policy
Envelope generated.

Instead of blasting data
and waiting for a drop, the
system mathematically
dictates exactly what the
air interface can handle
right now.
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O(1) eBPF Pacing mathematically eliminates queueing delays at the edge

eBPF agent intercepts AP Buffer remains
packets at XDP / TC layer 100% empty.
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Earliest Departure Time (EDT) Interleaving.
Paced to match exact over-the-air clearing rate. MEMORY QUEUE: EMPTY

Packets arrive at the AP and are instantly serialized onto the RF medium.
Buffer bloat is mathematically eliminated. Jitter drops to near-zero.




The architectural shift; Reactive stacks vs. Predictive orchestration

I ki
Legacy TCP/IP Stack Predictive PTCP eBPF Engine
. . : : Feed-Forward
Paradigm Reactive (waits for failure) (models capacity before sending)
Congestion Trigger Packet Loss e PoL-TT Bounding Policy Envelope
(misinterpreted as capacity limits)
: Deep, bloated physical AP Shifted upstream to host/kernel
HEELEdCaliO hardware buffers (empty AP buffer)
Latency Profile Highly variable, massive jitter spikes | Deterministic, near-zero queueing delay
Edge Mechanics Aggressive back-off sawtooth O(1) Earliest Departure Time (EDT) pacing
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OFDMA handles the physical spectrum, but cannot control wired packet arrivals

Missed Connection |
OFDMA Resource Units (RUs)
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RF Scheduler

Modern 802.11ax/be standards use OFDMA to brilliantly schedule the physical RF into Resource Units.
However, OFDMA is blind to the wired network. When uncontrolled TCP traffic hits localized
queues for specific RUs, the system overflows and fails.




PTCP serves as the perfect software orchestrator for OFDMA

Perfect Mechanical Synergy |
OFDMA Resource Units (RUs)

J |

/{i'

- - - b h b k| - ' q
[ PTCP Predictive Orchestratlun ] l- - . - . d—lgT Device RU
:/'""'\\’L—»““" —
_ ‘ L] - - Other Clients RU
>e2d 1 11 011 ------- |
J
............................. RF Scheduler

The AP never wastes a single CPU cycle managing dropped packets or retransmissions.
By matching data streams perfectly to OFDMA schedules, PTCP unlocks the absolute
maximum theoretical yield from the multi-user RF spectrum.




Solving the physics of failure unlocks three measurable vectors of enterprise value

|’/ CapEx Deferral }l
High-density hardware consolidation
Ix and delayed procurement Jl

The Economlc ROI of
Determmlstlc Networks

|[ Zero-Jitter Reliability | S — ‘

[ Fleet Battery Life Extension )
Unlocking spatial computing | imizi ' |
l ~and hard-real-time robotics )l

Maximizing uptime for mobile
IL and industrial loT l




ROI Vector |: High-density AP consolidation and CapEx deferral

“Before & After” Density Graph The Problem:
4 5 In stadiums and campuses, IT

O 1000+ | P1C deploys dozens of APs purely
- \ to distribute buffer bloat and
= collision domains, not for
S 600 Sustained Goodput RF coverage.
o
2 Wi-Fi Cliff :
_%" g | The PTCP Reality:
L . . . . -
L 200 | / Eliminating retransmission
— storms dramatically increases

: ' ' ' ‘ " S effective usable data rate.
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Concurrent Users Per AP

|’ Enterprises safely support 30% to 50% more concurrent users per AP. ‘l
lh Defers millions in physical hardware procurement, cabling runs, and switch-port licensing. )1




ROI Vector II: Extending the lifecycle of enterprise mobile and IoT fleets

4 Legacy Wi-Fi

>
Radio forced awake for TCP back-offs, collision retransmissions, and waiting. Severe energy drain.

PTCP Deterministic Wi-Fi

| N B |

Radio wakes, transmits perfectly in a mathematical micro-gap, and instantly drops to sleep.

Device Wake/Sleep Cycle

|' Software-driven pacing yields a 15% to 20% extension in enterprise mobile battery life, l
l directly delaying fleet hardware refresh cycles for medical carts, scanners, and smartphones. |




ROI Vector lII: Unlocking mission-critical edge applications over unlicensed Wi-Fi
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VoWLAN Autonomous Forklifts ~ Spatial Computing
(Voice) (AGVs) (AR/VR)
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The Problem:

A 50-millisecond queueing
delay ruins a voice call or
triggers an emergency hard-
stop in a warehouse robot.
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Zero-Latency Baseline

|[ Because PTCP enforces a strictly zero queueing delay, enterprises can run hard-real-time applications l
l\ on existing Wi-Fi 6/7 infrastructure. Negates the need for expensive private 5G/LTE build-outs. l




For two decades, Wi-Fi has been treated as a “best-effort” convenience. By replacing
reactive TCP with O(1) kernel-level predictive pacing, PTCP shatters this paradigm.
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( The limitations of modern Wi-Fi are not rooted in the physics of the air, \
k_ but in the software of the queue. Orchestrate the queue, master the airspace. J




