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HPC and Al Fabric Demands:

Attribute HPC Al Scale-Up
Small Message Transfer VA/ NI
High Fabric Throughput VA VA
High Bandwidth \V VA/
Ultra Low Latency v V
Low Protocol Overhead \ vV
Deterministic Transfer \V V
Scalable VA/ N
Topologies Clos, DragonFly, Mesh, Torus Clos, Mesh, Torus
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Ethernet Misconceptions
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Introducing NOW SHIPPING
Tomahawk

Ultra | Q

Tomahawk Ultra
512 x 100G-PAM4
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Tomahawk Ultra Highlights — Covering HPC and Al Scale Up

Tomahawk Ultra

Performance Efficiency Reliability/Lossless
250ns latency In-Network Collectives lc_:LBIT:C
51.2T@64B Optimized Ethernet Headers
77 BPPS

Programmable

Topology Aware
Visibility Telemetry POOgY

Routing Congestion Control
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Packet Forwarding Pipeline

Ingress

Ethernet Forwading Filter AR/DLB

MAC Parser Lookup Processor engine

- A r D
Telemetry
Collective Offload IVisibility
Engine
A /
A 4
Egress

Ethernet MAC fieader Parser

Rewrite
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Key Features described

Optimized Topology :
LLR & CBEC In-network Congestion Programmable T
Header Collectives AAware Control Visibility
Routing
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OPEN

Link Layer Retry

Architectural Overview

APPLICATION
PRESENTATION
SESSION
TRANSPORT
APPLICATION
NETWORK
DATA LINK

PHYSICAL
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ETHERNET LAYERS

HIGHER LAYERS

LLC (LOGICAL LINK CONTROL) OR OTHER MAC CLIENT

LLR (LINK LEVEL RETRY) (OPTIONAL)
MAC CONTROL (OPTIONAL)
MAC (MEDIA ACCESS CONTROL)
RECONCILIATION
MII >
PMA
PMD

AN

<4—— MDI

MEDIUM <

| Copyright © 2025 Broadcom. All Rights Reserved. The term “Broadcom” refers to Broadcom Inc. and/or its subsidiaries.

Benefits

LLR complements the Ethernet FEC.

Improves link robustness for bursty

errors or sub-optimal links.

Reduces the need for high latency

end-end retransmissions.
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Link Layer Retry

Transmitter
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Receiver

Transmitter

*»» Ethernet Preamble to carry a packet’s sequence number

** Replay buffer stores transmitted packets until ACK
reception

s+ Timeout mechanism

Recelver

¢ Tracks expected sequence number.

¢ Updates it when it receives an error-free packet in the
correct sequence.

¢ Sends ACK for good packets, NACKs for corrupt or out-of-
sequence packets.

*» Filters packets that don’t match expected sequence
number.
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Credit Based Flow Control (CBFC)

Recelver

+» Reserves buffer for each lossless traffic
class.

Packet Packet

+* Reserved buffer can be dedicated or

: shared across different traffic classes.
> ort Buffer

+* Sends credits to transmitter based on

buffer availability.

*» Stops sending credits when buffer is full.

Sender Receiver

Sender

*»+ Schedules a traffic class only if it has
credits.
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Al Fabric Header (AFH)

Motivations

** HPC and Al scale-up applications rely on memory load-store operations where payload size is small.
¢ Ethernet + IP headers give flexibility, but it results in large headers.

+* Wire efficiency matters for throughput and header overhead needs to be minimized.

TU supports optimized “Al Fabric Header” (AFH)
** AFH is overlaid on the Ethernet MAC header and incorporates a minimal set of useful fields.
¢ Address fields are typically 2B or 4B
*»* Deployments can interpret the namespace as device IDs, local identifiers, or IP addresses.
s Switch forwarding is agnostic and ignores remaining bytes which may contain other end-end information.

¢ The approach retains full Ethernet MAC compatibility for easy adoption.
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AFH for Scale Up Ethernet

AT; g;tr; 1 SUE payload ¢ Header identified by ZYXM bits as per IEEE SLAP spec.

+¢* Two variations, one suitable for (2B address) and another

SUE payload for (4B address, entropy, hop count).

** Scale-up format uses 6B, rest available for end-end use.

+* Switch identifies format and ignores other bytes.

AFH Gen 2 SUE payload

See SUE Reference specification

SUE Payload (Opaque)

T
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TU - Support for Collective Operations (INC)

In-Network Collectives (INC) offloads collective Hierarchical Aggregation
operation to TU

High-level objectives

*s* Work with current endpoints

*¢* Work with multiple chip architectures

*¢* Require minimal changes to current software models

Example collectives supported:

*»* Reduce

** All Reduce ' I

Management

** Broadcast Fabric

Aggregation Manager

Support Read or Write RDMA operations
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Topology Aware Adaptive Routing

OPEN // SCA

Topologies

Adaptive routing in TH-
Ultra supports
hierarchical, tree-like
and mesh topologies

Example, DragonFly+,
CLOS, and 3D torus

AR Capabilities

Adaptive load aware
selection of minimal,
non-minimal and

deterministic paths.
Per VC metrics,
forwarding policies
and constraints to
avoid deadlocks.
Direction of packet
arrival affects route
FIB selection and
subsequent path
choices.
Support for high-radix
topologies.

Path Quality Metrics

Extensible path quality
metrics

Native support for per
VC and aggregate
port metrics.

On-chip
programmability to
define new metrics
based on on-chip
measurements.

VCs control which
metrics to use.
Example, can enable
different metrics for
lossy and lossless
traffic.

Forwarding Policies

Flexible forwarding
policies

Spray, Flowlet and
Reactive Flowlet
modes.

Per-packet adaptive
and deterministic
resolution.

Fast failover when
links fail (< 500ns).
Ability to maintain path
affinity for a flow when
load based policies
select alternate paths.
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Programmable Visibility

Network behavior at micro-second level granularity

— Traffic interference & performance issues not visible at large time scales

Switch collects rich set of metrics
— E.g., Queue lengths, packet delays, congestion stats, drops etc
— Metrics are distributed in nature across the switch components

— User based Python program to define metrics based on switch state such as queue lengths
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Visibility framework

— Fast access to observations
— Compute accelerator translates to actionable metrics

— Metrics can be exported, acted locally and fast response time
A BROADCOM
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Congestion Control

&
OPEN // SCALABLE // POWER EFFICIENT A BROADCOM

| Copyright © 2025 Broadcom. All Rights Reserved. The term “Broadcom” refers to Broadcom Inc. and/or its subsidiaries.



Tomahawk Ultra Performance (1)
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Tomahawk Ultra Performance (2)
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Implementation Highlights

A BROADCOM
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Broadcom Switch Coverage of HPC and Al

HPC Al Scale-Up Al Scale-Out Region Scale-Out

Tomahawk Ultra Tomahawk 6 Jericho4
51.2 Tbps 102.4 Tbps 51.2 Tbps
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Summary

1010

-

1010

TOMAHAWK-ULTRA BRINGS 77B PPS RATE < 250NS LATENCY LOSSLESS OPERATION VIA
ETHERNET TO SCALEUP AND CBFC AND PFC
HPC MARKETS

IMPROVED LINK RELIABILITY HIGH BANDWIDTH IN- PACKAGE AND POWER
VIALLR NETWORK-COLLECTIVES COMPATIBLE WITH

TOMAHAWKS FOR FAST TTM o
OPEN // SCALABLE // POWER EFFICIENT A BROADCOM

| Copyright © 2025 Broadcom. All Rights Reserved. The term “Broadcom” refers to Broadcom Inc. and/or its subsidiaries.



- _——
a . . .
a4 z ;
. d
® e
. B -
- 2 ' o
-
~ - = < ¢ |
-
. ® @ '
»
S » . .
AT
- - - . =) 4% "
- » s £ ."" ..o
. " . ,
- =g o.“'
- L o ' z .
,
b e
- - ' . &
<
B . o .
-I‘ : s
~ > o
.
- .,
D

Thank you

22 | Copyright © 2025 Broadcom. All Rights Reserved. The term “Broadcom” refers to Broadcom Inc. and/or its subsidiaries. N B R OA D CO M



	Slide 1
	Slide 2: HPC and AI Fabric Demands:
	Slide 3: Ethernet Misconceptions
	Slide 4: Introducing Tomahawk Ultra
	Slide 5: Tomahawk Ultra Highlights – Covering HPC and AI Scale Up
	Slide 6: Packet Forwarding Pipeline
	Slide 7: Key Features described
	Slide 8: Link Layer Retry
	Slide 9: Link Layer Retry
	Slide 10: Credit Based Flow Control (CBFC)
	Slide 11: AI Fabric Header (AFH)
	Slide 12: AFH for Scale Up Ethernet 
	Slide 13: TU – Support for Collective Operations (INC)
	Slide 14: Topology Aware Adaptive Routing 
	Slide 15: Programmable Visibility
	Slide 16: Congestion Control
	Slide 17: Tomahawk Ultra Performance (1)
	Slide 18: Tomahawk Ultra Performance (2)
	Slide 19: Implementation Highlights
	Slide 20: Broadcom Switch Coverage of HPC and AI
	Slide 21: Summary
	Slide 22

