MPLS Il

MPLS Japan 2025

IPv6 uSID for Al Backend NW el

Teppei Kamata
Cisco Systems G.K.

October 2025



B 24897
28 BEEEE
Fig : YDRARAVATFLAERER
&8 . SPHk[RI(TDPre Sales SE

Interop Tokyo ShowNet NOC team member

SR”

Segment Routing

MPLS Japan ThO&1E(X 4Bl T6[E B

CCCCC



25 Cisco and/or its affiliates. All rights reserved

=9 HIHIZ

ARty a3 DOAAE:
AlDBackend®rw FTJ—%|ZSRv6 uSIDZR U\ -EHIAEZz TET-
DT, TOR/N EHRMWGEEREZITUVET

- SRV6EAMDEREARAIBERY P —O DEEIZCDODWNWTIZFINETEH
MPLS JapanZzig®h e LT=A R FTHEZELSCERSINTWLNWSD T,
Kty arTIIERLEEA

c RICEBZENBSAAIFAEBIZERSE L FZ3 LY

CCCCC



SRv6 uSID for Al @ Microsoft

“In the Al backend network, the training traffic is
very bursty and each of the flow is elephant flow.

Traditional ECMP does not work for the Al
backend network and it's particularly bad
because the training job is highly synchronized. If ' Networks
flows collide on a link and it gets congested - it oo | - -
drags the whole job and delay the whole job .

significantly.

With contributions from

We use source routing for the backend network

SRv6 is a very perfect technology to do the source
routing in the Al backend network.”

Guohan Lu, Al Fabric, Microsoft. April 2025. =. M icrOSOft

OCP Spring 2025 - Public Presentation Recording
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SRv6 uSID for Al @ Microsoft

“We Like SRv6 for several reasons:

The first, the source routing capability, this is
particularly useful for our users who want precise
control over the traffic flows for optimal traffic

performance o e | |2 B || |
: f ‘ ETWORLD
o S| | / - e ([ MPLS&SRVéA’LNPARIS2025

The second, SRv6 enable detailed path
enumeration allowing to manage the traffic for
low latency requirements

« Integration with Al workloads flow scheduling

The third, it enables the right coupling between i
Al workload flows and the scheduler. ‘ w SEE - TN
Finally, the network failure detection and gg[,giggex?nsfés-~v-<-::f~r:"'=f"=aﬂMPth&szV6A1NE?F_\X/RL’D PARIS2025
respondence is at the source side. The source can

recalculate the path and re-route the traffic
without the dependency on the traditional

routing protocols.” =. M ic rOSOft

Rita Hui, MSFT Al Fabric, March 2025
SRv6 World - Public Presentation Recording -
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SRv6 uSID for Al @ Microsoft

Networking for Al

+ High performance & security network for Al

Extreme scaling (for all types of accelerators - Nvidia, AMD, Maia)

800G*1.6T » 12.8T
+ Dedicated, low latency WAN for Al

Low latency « First large-scale co-operative transport
<2ms <1ms (host + network) for fast failover and load
balance via SRv6 on SONIC

High bandwidth + Millisecond-level, high-frequency telemetry
>12.8 Tbps for troubleshooting

+ BareMetal host with SDN policies

Leading open source + Secure and high-bandwidth connectivity via
SONiIC Private Link to storage for training

- Deepak Bansal, Corporate VP, MSFT @ Hot Interconnect 2025 - Public
Presentation
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SRv6 USID for Al Backed M o X

1 E T F

Workgroup: SRv6 Operations C. Filsfils Benefits
Published: 18 August 2025 Cisco Systems e e . )
Intended Status: Informational C. Martin * Detﬁrm;nlsticf;ath Elaceﬁen;. iREG‘allows the NIC to control the
Expires: 19 February 2026 Oracle Cloud path ot eac ow through the fabric.
K. Pillai
IBM *  Minimum-MTU: A plain outer IPv6 encapsulation allows to encode 6

P. Camarillo, Ed. uSIDs in the outer DA. This implies that without the need of
Cisco Systems additional extension headers, only with 4@Bytes of IPv6
A. Abdelsalam encapsulation, we can encode up to 6 intermediate waypoints
Cisco Systems allowing to enforce a path in a 3-tier Clos network. This is
J. Tantsura sufficient to control a path hop-by-hop (link by 1link) through a
NVIDIA leaf, spine, super-spine, spine, leaf.

K. Patel

Arrcus, Inc. * Congestion Feedback Loop: Instant rerouting at the source based on

ECN, in-band measured One-Way and Two-Way latency, Packet Trimming
feedback and in-band packet loss, without any dependency of

SRvV6 for Deterministic Path Placement in AI Backends routing protocols. There is neither any control-plane signaling
involved between the GPU and the fabric, nor between the AI
Abstract orchestrator and the fabric devices.
This document describes the use of SRv6 to enable deterministic path * Standardization: Open, vendor-agnostic implementation
placement in AI backends, optimizing load balancing and congestion
control for predictable GPU workloads. * [Ease of operation: as opposed to black-box proprietary solution

which packs opaque layer-2 optimization, the SRv6 solution is
minimalistic, IP based, fully standardized and a rich ecosystem

Cisco. Oracle Cloud. IBM. NVIDIA. Arrcus (vendor, merchant and open source). The deterministic and open
’ ! ’ ! nature of the solution simplifies troubleshooting.

https://datatracker.ietf.org/doc/draft-filsfils-srv60ps-srv6-ai-backend/
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Al Backend with IPv6 uSID
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 Long lasting (weeks) & 400l N2 —NIC4 —NIC:§ —NICS
: : = | n
* Highly synchronized = 3007
PR 5200+
* Periodic 2 100
=
 Bursty, maximum link capacity 05y < 0
* Low Entro Time (s)
by Figure 2: NIC egress traffic pattern dur-
* Predictable! ing production model training,
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IPv6 uSIDZ ANz 7 T8 —F

* IPv6 uSIDZ AL \Deterministic/Z/\ X ZE R
« GPUA' end-to-endT/\RXZFa2 hO— /L ATHE
« Essence of SRv6: 7 74— 3> hinetwork program& L Tend-to-end® 7 N\ X % i {i]
« NICL )L TFeedback loopZzEEIZEH %
« Ultra Scalable: R 7—kL R7ESRV675 5 Tl
« Ultra Convergence: GPU (NIC) BASRv6 D /\R %) V& Z Al RE
« A—TUTIEEIL SN
« EELRIOVATLA
« STV a—bEE: 1ZEA B Twell-knownZiSRD 779 a3V %F A
o (2, USIDIF/ SR DEIRZ A EEIZT T2 TIEGEL BMDAYT —ELTIILFTFH U e ER A6
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Scale Up
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SRv6 uSID — Deterministic Path Placement
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SRv6 uSID — Deterministic Path Placement

FCBB:BBBB:1001::/48 FCBB:BBBB:1002::/48 FCBB:BBBB:1255::/48 FCBB:BBBB:1256::/48

01T1

FCBB:BBBB:0001::/48 FCBB:BBBB:0256::/48

FCBB:BBBB:A001::/48 FCBB:BBBB:B001::/48

- uSID Block - FCBB:BBBB::/32

- uSID Locator - FCBB:BBBB:NNNN::/48
- 0170 => FCBB:BBBB:0001::/48

co and/or its affiliates. All rights reserved.Cisco Public Cisco Confidential



SRv6 uSID — Deterministic Path Placement

FCBB:BBBB:1001::/48 FCBB:BBBB:1002::/48 FCBB:BBBB:1255::/48 FCBB:BBBB:1256::/48

FCBB:BBBB:0001::/48

FCBB:BBBB:0256::/48

FCBB:BBBB:A001::/48 FCBB:BBBB:B001::/48

« NICAtoNICB
- Via FCBB:BBBB:0001:1001:0256:B001::
- Goto01TO then 01T1 then 256T0 then NIC B

co and/or its affiliates. All rights reserved.Cisco Public Cisco Confidential



SRv6 uSID — Deterministic Path Placement

FCBB:BBBB:1001::/48 FCBB:BBBB:1002::/48 FCBB:BBBB:1255::/48

FCBB:BBBB:0001::/48

FCBB:BBBB:A001::/48

« NICAtoNICB
- Via FCBB:BBBB:0001:1001:0256:B001:: Congestion/Failure “ 01T1”

- Goto 01TO then 01T1 then 256T0 then NICB —

FCBB:BBBB:1256::/48

FCBB:BBBB:0256::/48

FCBB:BBBB:B001::/48

NICHA /NN YAy S —[ZToa—KEn =
USIDZZEEITAHAIETHLWLWARIZYIYE R

- NICAtoNICB

- via FCBB:BBBB:0001:1002:0256:B001::
- Goto01TO then 01T1 then 256T0 then NIC B
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SRv6 uSID — Deterministic Path Placement

FCBB:BBBB:1001::/48 FCBB:BBBB:1002::/48 FCBB:BBBB:1255::/48

FCBB:BBBB:0001::/48

FCBB:BBBB:A001::/48

« NICAtoNICB
- via FCBB:BBBB:0001:1001:0256:B001:: Congestion/Failure “ 01T1”

- Goto 01TO then 01T1 then 256T0 then NICB —

FCBB:BBBB:1256::/48

FCBB:BBBB:0256::/48

FCBB:BBBB:B001::/48

NICHA /NN YAy S —[ZToa—KEn =
USIDZZEEITAHAIETHLWLWARIZYIYE R

- NICAtoNICB

- via FCBB:BBBB:0001:1002:0256:B001::
- Goto01TO then 01T1 then 256T0 then NIC B
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Path control via SRv6 maximize utilization

(Using incast as an example)

EZl—

Sender 2

Receiver

Sender N

Case #1: using ECMP to distribute traffic
INY D AR—RDECMPTIZ, disjoint/ XA A

FASNEZ EEZRITET ., FEAEDS
— XA TREEOO— F/\S U RIEAH—
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Path control via SRv6 maximize utilization

(Using incast as an example)

EZl—

Sender 2

Receiver

Sender N

Case #2: using SRv6 to distribute traffic

SRv6 Cldeterministic|Z/ A F &I T= AN T.
2T Ddisjoint/ A\RZFHATE, ThEThD/IR
MNLEVMEZBALZVREEZEIRAEE
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End-to-End Control

Global

TOPO
MGR

Plane 1

Plane 2

Host

Al Workload

NCCL

NIC vPort

SmartNic

Multiple Planes

The NIC/DPU has many switch functionalities in multi-plane networks

A
kkkkkk

FROM TDEAS TO IMPACT




& Y EE % Congenstion Control(Z& (1T
. EEICRYES o

ath Tracing ?!

MPLS Japan 2023

!;'“:g PAN

Ny B BRI Ddeterministic GRESRB) L RL—XR

HW/NA 75 A 2 IZLlinerate TEE
CPU~®@punt, Co-processor ~NDFA 70— FZL

MTUZIZEMD R & : 3 bytes / hop

HPCC & SRv6 Path Tracingi@ﬁﬁ'fi(:? e Interface (12 bits), Timestamp (8 bits), Load (4 bits)

SRv6/IPv6 & H7R— b

c U—LLARGTTARA AU+

LAL—/—FEDA2B8—0—4

Path Tracing O %5

« fthD Inband Telemetry 7=k (INT, IFA, iOAM)IZEEER L T, 1EA—/3A Y K SRv6 uSID is fully supported in SONIC
o HWEFI1E & Line RateLIE : SON|C/2O/2211/ / SONIC Whitebox I0S-XR
. S .= A _ S=T &b - uN/uA/uDT4/uDT6/uDT46 v
REON—FV17T54 2 L— FOREA A RE - H.Encaps/H.Ecanps.Red Free Range | (B:;:;?;;:’s.-)
e T j’l:lt‘y"j"kbxl:l—/\"xf\0)7_|‘7 a— PZ:% Routing (FRR) -
— & + Across all SONIC components j
° —_— < NN ;
A IT < 7 nT % &)mb L 9 4 LA 9 o 70 - ConfigDB/App DB/Orchestration Agent " .
* 64 bit (Source Node, Sink Node) - Fpmsyncd (for the integration with FRR) [ SAl W HAL
* 8 bit (Mid Node) — , | ! e |
) « Path Tracing in SAI/SONIC
« A —SIJ)IELAaTAE - https://github.com/opencomputeproject/SAl/pull/1841 [ R4 |
- https://github.com/sonic-net/SONIC/pull/1456 Clsco Silicon One

¢ INT (In-Network Telemetry) : https://github.com/p4lang/p4-applications/blob/master/docs/INT v2 0.pdf
* IFA (Inband Flow Analyzer) : https://datatracker.ietf.org/doc/html/draft-kumar-ippm-ifa
¢ jOAM (In-Situ OAM) : https://datatracker.ietf.org/doc/html/rfc9197

vl
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Scaling further...
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,  Satya Nadella ffj] - rollowing
ﬁ Chairman and CEO at Microsoft
8h

If intelligence is the log of compute... it startswith a lot of compute! And

that's why we're scaling our GPU fleet faster than anyone else.

° Whyf) S5 jj T E ( O L \—c‘ :E ‘j: ,b Eﬁ <z\g % L) -i-d—f? Jouusttplj:to);eza;::[ee:?(;z:’::/;;ggawatts of new capacity — roughly the
15KW/rack v >MegaW/rackd it 5~ i i e

SA Fairwater is a seamless cluster of hundreds of thousands of NVIDIA GB200s,
) \ A 3
A oo A M i5IK M

connected by enough fiber to circle the Earth 4.5 times.

« T, DCIl/MetrolZ X245 HFIMN
 Transponder(d&b &oEF LD

=. Microsoft | Official Microsoft Blog Our Company ~  News and Stories ~  Press Tools ~  Source

« WANJL—3DBEICHIBRLH S
« LatencylZEENHH(THLEEREN) Inside the world's most powerful Al datacenter

% Aaker FINANCIAL TIMES

> US COMPANIES TECH MARKETS CLIMATE OPINION LEX WORK&CAREERS LIFE&ARTS HTSI

Sep 18,2025 | Scott Guthrie - Executive Vice President, Cloud + Al

Nuclear energy ( + AddtomyFT )

Microsoft in deal for Three Mile Island nuclear
power to meet Al demand

— Al WAN: Connecting multiple datacenters for an even larger Al
Events ” Awa supercomputer

Energy source enjoying renaissance as world looks to slash emis:
growing need

> Channels [EESIVITSMll - |ntelligence > Academy

HOME > NEWS > THE ENERGY & SUSTAINABILITY CHANNEL

xAl granted permits for 15 gas | These new Al datacenters are part of a global network of Azure Al datacenters |nterconnected via our Wide
turbines at Memphis data center : k . '
Camnainnars dismaved as permanent installation of turbines is ‘ that operates as a single, powerful Al machine. Our Al WAN is built with growth capabilities in Al-native

":Reuters  Woidv Busessv Markeisv Swwnabilyv Moy MyNews QS r bandwidth scales to enable large-scale distributed training across multiple, geographically diverse Azure
© Have your say

US launches effort to speed power grid

projects for Al This is a fundamental shift in how we think about Al supercomputers. Instead of being limited by the walls of
N to run a permanent installation of 15 gas turbines at its Memphis . . , o . . .
By Timothy Gardner a single facility, we're building a distributed system where compute, storage and networking resources are
noA . . . o
September 18, 20251220 PMPOT - Updated Zhouws ago 2 1= ent gave the company a permit for the turbines, which the seamlessly pooled and orchestrated across datacenter regions. This means greater resiliency, scalability and

eXIDIIty Tor customers.




Scale Across: It’s a TE Problem!
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IPv6 uSID for Scale Across

* IPv6 uSIDZAI Backend THERAT 2R d\a< Al RE1E L H D
- TEZFALVA%5Segment RoutingZ{#5 D I B ARG FTRN
» end-to-end TIPv6% F| FA AT RE:

e TEEWAIEMPLST9 A, DCIZMPLSIXZLNTT K13,
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SRV6 in the Front-End DCD EHI¥E NEBIL.'S

-~ ~.

-~ S

________________________________________________

_______________________________________________________________________________________________________________________

- SRv6 uSID
DC®DFrontend 5 Metro, PeeringE THi— & ufzEnd-to-EndD T H 1 > AV A &E
DC#%#VXLAN. Metro Network%#SR-MPLSE WS THA D ESHRA DI ENTES
Stateless’g M T. FirewallZi & MNetwork functioZf I\ 5 2 &EMNTE S

- Traffic engineerinz o 74 FHiR—k Alexey Gorovoy, Nebius, March 2025
SRv6 World - Public Presentation Recdiiehng
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* IPv6 uSIDD A =—7g A1)k
* Fabric N TNICAYDeterministicZi/ N\ A& ZBIRT H5EMTES
« NADYIYE Z L ENEEEITRIEE (FabricA TStateless7ziy!)1—32)
« F—TUTIEE L SNl (proprietaryZiblack-box TIXELNTT &)
« ERATILEKYR—FEh TULSHEi
* IPv6 uSIDIZ&>TRegionI T —LL RIZHRERL TLW T EAV AT RE
« Traffic EngineeringDZH X EARMIZETw-9EMNTESD
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UET Header

0 1 2 3

° Keydlfferences ©1234567890123456789012345678901
) el el e T e L Tl Sl L L L L el b S S s
« Explicit Delivery Mode | Ethernet Header |
+-t-t-t-t-t-t-t-t-t-t-t-F-t-t-t-F-t-t-F-F-t-t-F-F-F-F-+-+-+-+-+-+
« Reliable Ordered Delivery | IP Header |
+ot-t-t-t-t-t-t-d-t-t-t-F-t-t-t-F-t-t-F-F-t-t-F-F-F-F-+-+-+-+-+-+
- Reliable Unordered Delivery | UDP Header (DstPort=UET) |
el el R L L Sl Sl L Sl L L el b e S s
» Unreliable Unordered Delivery | Version | Flags | Delivery Mode | Header Len |  OpCode]
+ot-t-t-t-t-t-t-t-t-t-t-F-t-t-t-F-t-t-t-F-t-t-F-F-t-F-F-F-+-+-+-+
« Split between Message Seq#t and Packet Seq# - | Stream / Conn. ID |
Supports unordered Spraying +‘+—+'+'+—+—+_+'+‘+—+'+'+—+—+'+'+‘+—+_+'+‘+—+'+'+—+—+'+'+‘+—+'+'+
| Message Sequence # |
* Trim/CC metadata - packet trimming, ECN congestion B S A S A A el
) ) | Packet Sequence # |
Slgna“ng- +-t-t-t-t-t-t-t-t-t-t-t-F-t-t-t-d-t-t-t-F-t-t-t-F-t-t-t-F-+-+-+-+
. . . . i | Reliability / Ack Info |  Trim/ECN/CC | Reserved |
- Optional in-network collective extensions (unique to bbb bbb bbb bbb bbb bbb bbb bbbt
UET). | Payload / Data ... |
+-t-t-t-t-t-t-t-t-t-t-t-F-t-t-t-d-t-t-t-F-t-t-t-F-t-t-t-F-+-+-+-+
« Headers are lighter /| more compressible, especially I Optional Extensions (Security, INC) I
+ot-t-t-d-t-t-t-d-t-t-t-F -ttt -d -ttt -ttt -t-t-F-F-+-+-+-+

for small messages.

vl
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Number of GPUs in a fabric

* No oversubscription
« 200Gbps interfaces at NIC (BF3 is 2x200G)
« 2-Tier
* G200. 256 ports @ 200 G each; 128 GPUs each; 128 TORs; 64 spines.
« Total: 8192 GPUs (1024 servers); N*2/2
* G300. 512 ports @ 200G each; 256 GPUs each; 256 TORs; 128 spines.
« Total: 131k GPUs (131.072); N*2/2
« 3-Tier
* G200. 256 ports @ 200 G each; 128 GPUs each; 128 TORs; 128 spines; 128 super-spines
* Total: 4M GPUs; N*3/4
* Three-tier challenges:
* More optics. More switches. Cost and power consumption.
 Higher latency (5 vs 3 hops).
oo Rifficult Joad-balancing, congestion control, and more link flapping bl
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