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Abstract

Xu,

Large | anguage nodels (LLMs) |ike Chat GPT have becone increasingly
popul ar in recent years due to their inpressive perfornmance in
various natural |anguage processing tasks. These nodels are built by
training deep neural networks on massive anobunts of text data, as
well as visual and video data, and often consist of billions or even
trillions of parameters. However, the training process for these
nodel s can be extrenely resource-intensive, requiring the depl oynent
of thousands or even tens of thousands of GPUs in a single Al
training cluster. Therefore, three-stage or even five-stage CLCS
net wor ks are conmonly adopted for Al networks. The non-bl ocking
nature of the network becomes increasingly critical for |arge-scale
Al nodel training. Therefore, adaptive routing is necessary to
dynamically distribute traffic to the sane destination across
mul ti pl e equal -cost paths, based on network capacity and even
congestion information al ong those paths.
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Requi renment s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and nmay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on 3 Decenber 2026.
Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Legal
Provisions Relating to | ETF Docunments (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew t hese documents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.
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I nt roducti on

Large | anguage nodel s (LLMs) |ike Chat GPT have becone increasingly
popul ar in recent years due to their inpressive perfornmance in
various natural |anguage processing tasks. These nodels are built by
training deep neural networks on nmassive anobunts of text data, as
wel | as visual and video data, and often consist of billions or even
trillions of parameters. However, the training process for these
nmodel s can be extrenely resource-intensive, requiring the depl oynent
of thousands or even tens of thousands of GPUs in a single Al
training cluster. Therefore, three-stage or even five-stage CLCS
networ ks are conmonly adopted for Al networks. Furthernore, in rail-
optinmized CLOS network topol ogies with standard GPU servers (an HB
domai n of eight GPUs), the Nth GPUs of each server in a group of
servers are connected to the Nth | eaf switch, which provides higher
bandwi dt h and non-bl ocki ng connectivity between the GPUs in the sane

rail. In arail-optinzed network topology, nost traffic between GPU
servers traverses the intra-rail networks rather than the inter-rai
networks. |In addition, whether in rail-optimzed or rail-free

net wor ks, coll ective conmuni cation job schedul ers always opt to
schedul e jobs with network topol ogy awareness to mnimze the anount
of traffic going to the upper |ayers of the network

The non-bl ocking nature of the network, particularly at the | ower

| ayers, is essential for large-scale Al training clusters. Al
wor kl oads are usual ly very bandwi dt h-hungry and often generate
several large data flows sinultaneously. |[If traditional hash-based
ECVMP | oad bal ancing is used without optim zation, it can lead to
serious congestion and high latency in the network when nultiple
large data flows are directed to the sane link. This congestion can
result in | onger-than-expected nodel training times, as job

compl etion time depends on worst-case performance. Therefore,
adaptive routing is necessary to dynamically distribute traffic to
the sane destination across multiple equal -cost paths, taking into
account network capacity and even congestion along these paths. In
essence, adaptive routing is a capacity- and even congesti on-aware
dynani c path selection algorithmthat optimzes traffic distribution
for high-throughput Al training workl oads.

Furthernore, to mnimze congestion risk to the greatest extent, the

routi ng nmechani sm shoul d be designed with finer granularity whenever
possi ble. Flow granul ar adaptive routing still carries a statistica
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probability of congestion. Therefore, packet-granul ar adaptive
routing is nore desirable, even though packet spraying woul d

i ntroduce out-of-order packet delivery issues. A flexible reordering
mechani sm nust be inplenented (e.g., at egress Top-of-Rack (ToR)

swi tches or receiving servers). Recent optinizations for RDVA over
Converged Ethernet (RoCE) and new y devel oped transport protocols as
RoCE alternatives no | onger require out-of-order delivery handling at
the network |l ayer; instead, this function is offloaded to the nessage
processing | ayer.

To enabl e adaptive routi ng—whether flow granular or packet-
granular—it is necessary to propagate network topol ogy infornation
(including link capacity and path capacity) across the CLOS networKk.
Therefore, it is straightforward to adopt |ink-state protocols such
as OSPF or IS-1S as the underlay routing protocol in CLOS networKks,
rather than BGP. How to |everage OSPF or I1SIS to achieve adaptive
routing has been described in [I-D. xu-lsr-fare]. However, sone data
center network operators have been used to the use of BGP as the
underl ay routing protocol of data center networks [RFC7938].
Therefore, there does exist a need to | everage BGP to achi eve
adaptive routing as well.

Hence, this docunent defines a new extended comunity referred to as
Pat h Bandw dt h Extended Conmunity, and describes how to use this

ext ended comunity to carry end-to-end path bandwi dth within the data
center fabric so as to achi eve adaptive routing.

Note that while adaptive routing, especially at the packet-granul ar

| evel can hel p reduce congesti on between switches in the network,

t her eby achi eving a non-blocking fabric, it does not address the

i ncast congestion issue which is comopnly experienced in |ast-hop

swi tches that are connected to the receivers in nany-to-one

communi cati on patterns. Therefore, a congestion control mechanismis
al ways necessary between the sending and receiving servers to
mtigate such congestion

Conparison with Rel ated Wrks

[I-D.ietf-idr-1ink-bandw dth] outlines a nethod for inplenenting

wei ght ed ECVP | oad- bal anci ng based on the bandw dth of the EXTERNAL
(DVE) link, which is conveyed in the non-transitive |ink bandwi dth
extended comunity. However, it is not feasible to enable adaptive
routing directly using the non-transitive |ink bandw dth extended
community due to the follow ng constraints nentioned in
[I-D.ietf-idr-1link-bandwidth]. "No nore than one |ink bandw dth
extended community SHALL be attached to a route. Additionally, if a
route is received with a |ink bandw dth extended comunity and the
BGP speaker sets itself as next-hop while announcing that route to
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ot her peers, the |ink bandw dth extended conmunity shoul d be renoved.
The extended community is optional non-transitive."

[1-D.ietf-bess-ebgp-dne] renoves the previous restriction that the
EXTERNAL (DMZ) |ink bandw dth extended community could not be sent
across AS boundaries. Additionally, when receiving nultiple equal -
cost BGP paths towards the external network (e.g., the WAN), the best

path anmong themw || be advertised to eBGP peers with the transitive
I'i nk bandwi dth extended community filled with the cunul ative
bandwi dth of the nmultiple external links. Since the approach as

described in this docunent is based on the assunption that "The total
BW avail able towards WAN is significantly lower than the total BW
within the fabric,” the internal path bandwidth within the fabric is
not taken into account when perform ng wei ghted ECMP | oad- bal anci ng.

[1-D.ietf-bess-evpn-unequal -1b] describes an EVPN- dedi cat ed extended
community and an EVPN | i nk-bandw dth sub-type of the above EVPN

dedi cat ed extended comunity for EVPN wei ghted ECMP | oad- bal anci ng.
Additionally, the document defines different ways to express the link
bandwi dt h.

The three previous docunents explain howto use the extended
community to carry the bandwi dth of the external |inks towards the
outside of the fabric (such as WAN, services bound to anycast

address, or nulti-honmed VPN sites) for weighted ECVP | oad- bal anci ng.
In contrast, this document explains howto use the extended comunity
to carry the end-to-end path bandwi dth within the data center fabric
for wei ghted ECVP | oad- bal anci ng.

Ter mi nol ogy
This menmo makes use of the terns defined in [ RFC4360].

Pat h Bandw dt h Ext ended Conmunity
The Path Bandwi dt h Extended Conmunity is used to indicate the mnininum
bandwi dth of the path towards the destination. It is a new AS

Speci fic Extended Community that can be transitive or non-transitive.

The val ue of the high-order octet of this extended type is either
0x00 or 0x40. The |loworder octet of this extended type is TBD

The Value field consists of two sub-fields:
d obal Adm nistrator sub-field: This sub-field contains the AS
nunber of the advertising router that appends the path bandwi dth

extended comunity or updates the path bandw dth val ue of the
exi sting path bandw dth extended conmmunity.
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Local Adninistrator sub-field: This sub-field contains the path
bandwi dt h value as an | EEE 754 singl e-precision floating-point
format, expressed in bytes per second.

4. Solution Description

4.1. Adaptive Routing in 3-stage CLCS

R L Ik SR i
| S1 | | S2| | S3] | S4 | (Spine)
oot Hommot Ao H---- 4
T T e £ I EEEpERE i S
| L2 | L2 | L3 | L4 | L5 | L6 | | L7 | | L8| (Leaf)
I L i c T
Figure 1

(Note that the di agram above does not include the connections between
nodes. However, it can be assuned that |eaf nodes are connected to
every spine node in the above CLOS topol ogy.)

In a three-stage CLOS network as shown in Figure 1, also known as a
| eaf - spi ne network, each | eaf node woul d establish eBGP sessions with
al | spine nodes.

Al'l nodes are enabl ed for adaptive routing.

When a | eaf node, such as L1, advertises the route to a specific IP
prefix that it originates, it will attach a transitive path bandw dth
extended community filled with a maxi mum bandwi dt h val ue.

Upon receiving the above adverti senent, a spine node, such as Sl
SHOULD det ermi ne the nini num val ue between the bandwi dth of the Iink
towards the advertising node (e.g., L1) and the value of the path
bandw dt h extended community carried in the received route, and then
update the path bandwi dth extended comunity with the above mi ni mum
val ue before readvertising that route to renote eBGP peers. Once Sl
receives nultiple equal-cost routes for a given prefix frommultiple
| eaf nodes (e.g., L1 and L2 in the server multi-homing scenario), for
each route, it SHOULD determ ne the m ni num val ue between the

bandwi dth of the link towards the advertising node and the val ue of
the path bandwi dth extended community carried in the received route,
and then use that mninum bandwi dth value as a wei ght value for that
route when perform ng wei ghted ECVMP | oad- bal anci ng. When
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readvertising the route for that prefix to renote eBGP peers further,
the path bandw dth extended comrunity woul d be updated with the sum
of the m ni mum bandw dth val ue of each route.

When a | eaf node, such as L8, receives nmultiple equal-cost routes for
that prefix from spine nodes (e.g., Sl, S2, S3 and S4), for each
route, it will determine the minimumval ue between the bandw dth of
the link towards the advertising node and the value of the path
bandw dt h extended community carried in the received route, and then
use that m ni mum bandwi dth value as a weight value for that route
when perform ng wei ghted ECVMP | oad-bal ancing. Note that when a given
IP prefix is nmulti-honed to multiple | eaf nodes (e.g., two |eaf
nodes), the value of the path bandw dth extended comrunity carried in
the received route SHOULD be divided by the nunmber of multi-homed

| eaf nodes (e.g., two) before determ ning the m ni mum val ue.

Al ternatively, the bandwi dth of the link towards the adverti sing node
SHOULD be multiplied by the nunber of nmulti-honed | eaf nodes (e.g.,
two) before deternining the mnimum val ue.

Not e that wei ghted ECWVP | oad- bal anci ng according to path bandw dth
SHOULD NOT be perforned unless all equal-cost routes for a given
prefix carry path bandw dth extended community.

Adaptive Routing in 5-stage CLCS

et al. Expi res 3 Decenber 2026 [ Page 7]
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Figure 2

(Note that the di agram above does not include the connections between
nodes. However, it can be assuned that the | eaf nodes in a given PoD
are connected to every spine node in that PoD. Simlarly, each spine
node (e.g., S1) is connected to all super-spine nodes in the
correspondi ng PoD-interconnect plane (e.g., Plane-1).)

For a five-stage CLOS network as illustrated in Figure 2, each | eaf
node woul d establish eBGP sessions with all spine nodes of the same
PoD whi |l e each spine node woul d establish eBGP sessions with al
super-spi ne nodes in the correspondi ng PoD-interconnect plane.

When a given | eaf node, such as L1@PoD- 1, advertises the route for a
specific IP prefix that it originates, it will attach a transitive
pat h bandwi dth extended community filled with a maxi nrum bandw dt h
val ue.

Upon receiving the above route advertisenent, a spine node, such as

S1@oD- 1, will determ ne the mninumval ue between the bandwi dt h of
the link towards the advertising node (e.g., L1@%9oD 1) and the val ue

et al. Expi res 3 Decenber 2026 [ Page 8]
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of the path bandw dth extended comunity carried in the route, and
then update the path bandw dth extended conmunity with the above

m ni num val ue before advertising that route to its peers. Once
S1@0oD-1 receives nmultiple equal -cost routes for a given prefix from
multiple |l eaf nodes (e.g., L1 and L2@0oD-1 in the server nulti-hom ng
scenario), for each route, it will determ ne the nininumval ue

bet ween the bandwi dth of the link towards the advertising node and
the val ue of the path bandw dth extended community carried in the
route, and then use that m ni mum bandw dth value as a wei ght val ue
for that route when perform ng wei ghted ECVMP | oad- bal anci ng. Wen
advertising the route for that prefix to renpote peers further, the
pat h bandwi dth extended community woul d be updated with the sum of

t he bandwi dth val ue of each received route.

VWhen a gi ven super-spine node, such as SS1@°l ane-1, receives the
above route advertised from S1@oD-1, it will not update the
transitive path bandw dth extended community when adverti sing that
route to its peers. Additionally, it COULD optionally attach another
pat h bandwi dth extended community which is non-transitive to indicate
the bandwi dth of the link towards the advertising router of the
received route (i.e., S1@WoD 1)

When a given spine node in another PoD, such as S1@PoD- 8, receives
mul tiple equal -cost routes for a given prefix from super-spine nodes
in Plane-1 (e.g., SS1, SS2, SS3 and SS4@l ane-1), once each route
contains a non-transitive path bandw dth extended comunity, for each
route, it will determ ne the m ninumval ue between the bandw dt h of
the link towards the advertising node and the bandw dth val ue of the
non-transitive path bandw dth extended conmunity carried in the
route, and then use that nininmumvalue as a weight value for that
route when perform ng wei ghted ECWP | oad- bal ancing. Qherwi se, it
woul d perform ECVP | oad- bal anci ng by default.

When advertising that route to its peers, it will not update the

val ue of the transitive path bandw dth extended conmunity by default
(Note that the transitive path bandw dth extended community of those
mul tiple equal -cost routes carry the same val ue that was set by
S1@oD-1). |In the case where each route contains a non-transitive
pat h bandw dth extended community, the above spi ne node COULD
optionally update the value of the transitive path bandw dth extended
community with the total bandwi dth value of all paths towards the
next -next hop (e.g., the paths towards S1@oD 1 via SS1, SS2, SS3 and
SSA@l ane-1) if the latter is smaller than the fornmer.

When a given | eaf node in PoD-8, such as L1@0D-8, receives multiple
equal -cost routes for that prefix fromnultiple spine nodes (e.g.

S1, S2, S3 and S4@oD-8), for each route, it will deternine the

m ni mum val ue between the bandwi dth of the link towards the
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advertising node and the val ue of the path bandw dth extended
community carried in the route, and then use that m ni mumvalue as a
wei ght value for that route when perform ng wei ghted ECVP | oad-

bal ancing. Note that when a given IP prefix is nmulti-honed to
multiple |l eaf nodes (e.g., two |eaf nodes), the value of the path
bandwi dt h extended community carried in the received route SHOULD be
di vided by the nunber of nulti-honmed | eaf nodes (e.g., two) before
determning the mnimumvalue. Alternatively, the bandw dth of the
link towards the advertising node SHOULD be multiplied by the nunber
of multi-honed | eaf nodes (e.g., two) before determ ning the m nimum
val ue.

Not e that wei ghted ECWVP | oad- bal anci ng accordi ng to path bandw dth
SHOULD NOT be perforned unless all equal-cost routes for a given
prefix carry path bandw dth extended comrunity.

5. Acknow edgenents

Thanks Jeffrey Haas, Sue Hares for their val uabl e comments and
suggesti ons.

6. | ANA Consi derations

IANA is requested to allocate a | ow order octet value for the Path
Bandwi dt h Ext ended Conmunity fromthe registry of Transitive and Non-
Transitive Two-COctet AS-Specific Extended Community Sub-Types (Sub-
Type registry for Type val ues 0x00 and 0x40, per RFC 7153). Upon

all ocation, 1ANA is requested to reference this docunent.

7. Security Considerations

The Path Bandwi dth attribute is intended solely for use within Al
backend data center networks, which are cl osed environnents.
Accordingly, this attribute is neither expected nor required to be
advertised outside such environments. As a result, the attribute
does not introduce any additional risk of |eakage to the gl oba
Internet or to external networks beyond those already present in the
under | yi ng depl oynent. Operators SHOULD ensure that route filtering
and BGP policy configurations are in place to prevent accidental
propagation of this attribute outside the closed domain, consistent
with the operational assunptions of this specification.

8. References

8. 1. Nor mat i ve Ref erences

Xu, et al. Expi res 3 Decenber 2026 [ Page 10]



I nternet-Draft FARE usi ng BGP June 2026

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi rement Level s", BCP 14, RFC 2119,
DA 10.17487/ RFC2119, March 1997,
<https://ww.rfc-editor.org/info/rfc2119>.

[ RFC4360] Sangli, S., Tappan, D., and Y. Rekhter, "BGP Extended
Communities Attribute", RFC 4360, DO 10.17487/ RFC4360,
February 2006, <https://ww.rfc-editor.org/info/rfc4360>.

8.2. Informative References

[1-D.ietf-bess-ebgp-dne]
Li tkowski, S., Satya, M R, Vayner, A, Gttani, A,
Kini, A, Tantsura, J., and R Das, "BGP |link bandw dth
ext ended community use cases", Wirk in Progress, Internet-
Draft, draft-ietf-bess-ebgp-dne-10, 8 April 2026,
<https://datatracker.ietf.org/doc/htm/draft-ietf-bess-
ebgp- dne- 10>.

[1-D.ietf-bess-evpn-unequal -1 b]
Mal hotra, N., Sajassi, A, Rabadan, J., Drake, J.,
Lingala, A°. R, and S. Thoria, "Wighted Milti-Path
Procedures for EVPN Miulti-Hom ng", Work in Progress,
Internet-Draft, draft-ietf-bess-evpn-unequal-1b-35, 15
March 2026, <https://datatracker.ietf.org/doc/htm/draft-
i etf-bess-evpn-unequal -1 b-35>.

[I-D.ietf-idr-1ink-bandw dth]
Mohapatra, P., Das, R, Satya, M R, Krier, S., Szarecki,
R J., and A Gattani, "BGP Link Bandw dth Extended
Communi ty", Work in Progress, Internet-Draft, draft-ietf-
i dr-1ink-bandw dth-24, 7 January 2026,
<https://datatracker.ietf.org/doc/htm/draft-ietf-idr-
I'i nk- bandwi dt h- 24>.

[1-D.xu-Isr-fare]
Xu, X., Hegde, S., He, Z., Wang, J., Huang, H., Zhang, Q,
Wi, H, Liu, Y., Xia, Y., and P. Wang, "Fully Adaptive
Routing Ethernet using LSR', Work in Progress, Internet-
Draft, draft-xu-Isr-fare-04, 21 May 2025,
<https://datatracker.ietf.org/doc/htm/draft-xu-Ilsr-fare-
04>,

[ RFC7938] Lapukhov, P., Prenji, A, and J. Mtchell, Ed., "Use of
BGP for Routing in Large-Scale Data Centers”, RFC 7938,
DO 10.17487/ RFC7938, August 2016,
<https://www. rfc-editor.org/info/rfc7938>.

Xu, et al. Expi res 3 Decenber 2026 [ Page 11]



Internet-Draft

Aut hors’ Addresses

Xu,

Xi aohu Xu
Chi na Mbile
Emai | : xuxi aohu_i etf @uotmail.com

Shraddha Hegde
HPE
Enmai | : shraddha. hegde@pe. com

Keyur Pat el

Arrcus

Emai | : keyur @urrcus. com

Zongyi ng He

Br oadcom

Emai | : zongyi ng. he@r oadcom com
Junj i e Wang

Cent ec

Emai | : wangjj @entec.com
Hongyi Huang

Huawei

Emai | : hongyi . huang@uawei . com

Q ngl i ang Zhang

H3C
Emai | : zhangqi ngl i ang@3c. com
Hang Wi
Rui ji e Networks
Enmai | : wuhang@uijie.comcn
Yadong Liu
Tencent
Emai | : zeepliu@encent.com
et al. Expi res 3 Decenber 2026

FARE usi ng BGP

June 2026

[ Page 12]



I nternet-Draft FARE usi ng BGP June 2026

Yi nben Xi a
Tencent
Emai | : forestxi a@encent.com

Pei | ong Wang

Bai du

Emai | : wangpei | ong0O1@ai du. com
Ti ezheng Li

| EI' T SYSTEMS

Email: litiezheng@ ei system com

Roman d ebov
Yandex
Emai | : kitaro630@andex. ru

Xu, et al. Expi res 3 Decenber 2026 [ Page 13]



