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Eradicating buffer bloat and extracting maximum yield
without forklift hardware upgrades.



The lllusion of
Bandwidth Constraints

In 10G to 40G enterprise fabrics, application
latency is rarely caused by a lack of raw speed.

The true constraints are localized buffer bloat,
speed-mismatch congestion, and shallow-buffer
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The Physics of Congestion I: Step-Down Architecture

Step-Down Physics Engine

%

25 Gbps Source
(Database Server)

Mechanism

Enterprise networks are asymmetrical. A 25G
server bursting data to a 1G edge client instantly
overwhelms the switch serialization rate.

g 1 Gbps Edge Client

Shallow Switch
Buffer Memory

oo <

Result

The excess 24 Gbps must be absorbed by the

switch memory, inevitably triggering packet
drops when shallow buffers overflow.



The Physics of Congestion ll: Incast Microbursts
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Mechanism Result
Storage Area Networks (VSAN, iSCSI, NFS) routinely generate This converging microburst slams the ToR switch port, inducing

simultaneous responses to a single host request. severe packet loss and driving up virtualization layer iowait.



The Reactive Flaw: Legacy
TCP and Shallow Buffers '4

Buffer Full -> Packets Dropped

TCP Halves Window
- Latency Spike
-> Retransmit

/

Core Vulnerability: Standard TCP only reacts
after the physical switch buffer is congested.
VMware Network /O Control (NIOC) shares
the same flaw—it acts post-congestion.

Throughput

Time

32MB buffer shared acrnss 48 pmrts




Shifting Intelligence from Silicon to Software

PTCP decouples traffic control from the physical switch hardware, bypassing legacy
silicon limitations entirely.

Congestion Management Matrix

Legacy Hardware Approach

PTCP Software Overlay

Mechanism

Reactive (TCP Sawtooth)

Predictive (Pattern-of-Life Math)

Action Location

Switch ASIC (Network Core)

Host Hypervisor (Network Edge)

Response Time

Post-Drop (High Jitter)

Pre-Wire (Zero Jitter)

Capital Required

High (100G Forklift)

Zero (Software VIB overlay)




O(1) EDT: The Physics of eB

PF Pacing

O(1) Earliest Departure Time (EDT) Calculation
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Mechanism

The PTCP Orchestrator utilizes Pattern-of-Life
Tensor Train (PoL-TT) mathematics to map
topology. It assigns an exact Earliest Departure

Time (EDT) for every packet.

Execution

The eBPF agent at the host's eXpress Data Path
(XDP) layer spaces packets by a precise time
delta, feeding the wire without ever touching
the switch buffer.



Packet Flow Comparison

Pacing the transmission precisely at the available bandwidth limit ensures packets flow

through intermediate switches without queuing.

Legacy TCP

SERVER SWITCH
IP: 192.16B.1.18 106 Port
ED: 18.8.1.1
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Burst = Buffer Full = Drop = Retransmit

PTCP EDT Pacing

SERVER SWITCH
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ED: 18.8.1.1
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The Software-Defined Pacing Overlay

Zero-Downtime Guarantee: Requires no changes to physical switch configs, routing tables,
or VLAN tagging. Orchestrator operates read-only via vCenter API.

PTCP Management Plane
Orchestrator  peployed in vCenter communicating | -
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ESXi Certified VMware vSphere &
directly into kernel

vSphere Data Plane

Distributed Uplink layer where predictive €

Switch (vDS)  pacing occurs pre-wire





































