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Abstract

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
traini ng deep neural networks on massive anounts of text data, as
well as visual and video data, often consisting 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 become increasingly critical for |arge-scale Al
model s. Therefore, adaptive routing is necessary to dynamically
distribute traffic to the same destination over nultiple equal-cost
pat hs, based on network capacity and even congestion infornmation

al ong those pat hs.

Requi renment s Language
The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119 [ RFC2119].
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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 19 Novenber 2025.

Copyri ght Notice

Copyright (c) 2025 | 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 these 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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1.

Xu,

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, often consisting 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-
optinized CLOS network topol ogies with standard GPU servers (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 rail-optimzed network topol ogy, nost traffic between GPU
servers would traverse the intra-rail networks rather than the inter-
rail networks. In addition, whether in rail-optinal 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

|l 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 ¢ path sel ection algorithm

Furthernmore, to reduce the congestion risk to the maxi mum extent, the
routing should be nore granular if possible. Flowgranular adaptive
routing still has a certain statistical possibility of congestion
Ther ef ore, packet-granul ar adaptive routing is nore desirable

al t hough packet spray woul d cause out-of-order delivery issues. A
flexi bl e reordering nmechani smnust be put in place (e.g., egress ToRs
or the receiving servers). Recent optimzations for RoCE and new y

i nvented transport protocols as alternatives to RoCE no | onger
require handling out-of-order delivery at the network | ayer

I nstead, the nessage processing layer is used to address it.
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To enabl e adaptive routing, no matter whether flow granular or
packet - granul ar adaptive routing, it is necessary to propagate

net wor k topol ogy information, including link capacity across the CLCS
network. Therefore, it seens straightforward to use link-state
protocols such as OSPF or 1SIS as the underlay routing protocol in
the CLOS network, instead of BGP

Hence, this docunent defined a new prefix attribute sub-TLV referred
to as Path Bandw dth sub-TLV, and describes how to use this sub-TLV
together with the Maxi mum Bandw dth sub-TLV of the Link TLV as
defined in OSPF or ISIS TE extensions [ RFC3630] [ RFC5329][ RFC5305] to
cal cul ate end-to-end path bandwi dth within the data center fabric so
as to achi eve adaptive routing.

For information on how to resolve the flooding issue caused by the
use of link-state protocols in |arge-scale CLOS networks, please
refer to the foll owi ng docunent

[1-D. xu-Ilsr-floodi ng-reduction-in-clos].

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

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

t hereby achi eving a non-bl ocking fabric, it does not address the

i ncast congestion issue which is comopnly experienced in |ast-hop
switches that are connected to the receivers in many-to-one

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

Ter mi nol ogy

This menmo makes use of the terns defined in [ RFC1195] [RFC2328] and
[ RFC5340] .

Pat h Bandw dt h Sub- TLV

When advertising I P reachability information across ISIS |evels or
OSPF areas, it needs to contain the path bandw dth associated with
the advertised IP prefix which is used to indicate the m nimm
bandwi dth of all links along the path towards that prefix.

For I1SIS, an optional sub-TLV referred to as Path Bandw dth sub-TLV
is to be defined. This sub-TLV is type of TBD, and is four octets in
length. The value is filled with the path bandwi dth associated with
a given prefix in |EEE floating point format. The units are bytes
per second. This sub-TLV COULD be conveyed in TLVs 135, 235, 236, or
237 , just like those prefix attribute-related sub-TLVs as defined in
[ RFC7794] .
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4.

4. 1.

Xu,

For OSPFv2, since The OSPFv2 Extended Prefix TLV [ RFC7684] is used to
advertise additional attributes associated with the prefix, an
optional sub-TLV of the OSPFv2 Extended Prefix TLV referred to as
Pat h Bandwi dth sub-TLV is to be defined. This sub-TLV is type of
TBD, and is four octets in length. The value is filled with the path
bandwi dt h associated with a given prefix in |EEE floating point
format. The units are bytes per second.

For OSPFv3, an optional sub-TLV of the Intra-Area-Prefix TLV, Inter-
Area-Prefix TLV, and External -Prefix TLV [RFC8362] referred to as
Pat h Bandwi dth sub-TLV is to be defined. This sub-TLV is type of
TBD, and is four octets in length. The value is filled with the path
bandwi dt h associated with a given prefix in | EEE floating point
format. The units are bytes per second.

Sol uti on Description

Adaptive Routing in 3-stage CLCS
A T L S T r L o
| S1 | | S2| | s3] | S4| (Spine)
NI s SR
T T T S S S e S LT S i S YR S S
| L2 ] | L2 | | L3 | | L4 | L5 | L6 | | L7 | | L8| (Leaf)
T e T i S S e
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 spi ne node.)

In a three-stage CLOS network as shown in Figure 1, also known as a
| eaf - spi ne network, all nodes MAY be in OSPF area zero or |ISIS Level -
2.

Leaf nodes and spine nodes are enabled for adaptive routing. As
such, those nodes will advertise the link capacity by using the

Maxi mum Bandwi dth sub-TLV. In addition, |eaf nodes will advertise
the path bandw dth associated with each prefix originating fromthem
by using the Path Bandw dth sub-TLV. The value of the Path Bandwi dth
sub-TLV is filled with a maxi mum bandwi dth val ue by defaul t.

et al. Expi res 19 Novenber 2025 [ Page 5]



I nternet-Draft FARE using LSR May 2025

When a | eaf node, such as L1, calculates the shortest path to a
particular |IP prefix originated by another |eaf node in the sane OSPF
area or ISIS Level -2 area, say L2, four equal -cost paths via four
spi ne nodes (e.g., Sl1, S2, S3, and S4) respectively will be

cal culated. To achieve adaptive routing, the capacity associ ated
with each path SHOULD be considered as a wei ght value of that path
when perforning wei ghted ECW | oad-bal ancing. |In particular, the

m ni mum val ue anong the capacity of the upstreamlink (e.g., L1->S1)
, the capacity of the downstreamlink (S1->L2) of a given path (e.qg.,
L1->S1->L2) and the path bandw dth associated with that prefix would
be used as a weight value for that end-to-end path when performn ng
wei ght ed ECVP | oad- bal anci ng.

4.2. Adaptive Routing in 5-stage CLCS

I L S Spupipip s

| L1 | | L2 | | L3 | | L4 | (Leaf)
e H Y B DS

s o T Sy SRR
| S1 | | S2 | | S3 | | S4 | (Spine)
. =

H -4 4ot 4ot H----+ # H A4 4ot 4ot +----+ #
# |SS1 | |SS2 | |SS3 | |Ss4 | # # |SS1 | |SS2 | |SS3 | |Ss4 | #
Ho+----t Foeo- b e -+ H# e T T i S -4
# (Super - Spi ne@l ane-1) # # (Super - Spi ne@l ane- 4) #

R T L T EUp S #
#]1 SL | | S2 | | S3 | | $S4 | (Spine) #
H oAt oot Heme et -+ #
# PoD-8 #
Ho+----d +----F - - - -+ #
# #
# #

| LL| | L2 | L3 | | L4 | (Leaf)
T ST S

Figure 2
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(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., Sl1) is connected to all super-spine nodes in the
correspondi ng PoD-interconnect plane (e.g., Plane-1).)

For a five-stage CLCS network as illustrated in Figure 2, each Pod
consi sting of |eaf and spine nodes is configured as an OSPF non-zero
area or an ISIS Level -1 area. The PoD-interconnect plane consisting
of spine nodes and super-spine nodes is configured as an OSPF area
zero or an ISIS Level-2 area. Therefore, spine nodes play the role
of OSPF area border routers or |ISIS Level -1-2 routers.

Al'l nodes are enabled for adaptive routing. As such, those nodes
will advertise the link capacity by using the Maxi num Bandw dt h sub-
TLV. In addition, |eaf nodes will advertise the path bandwi dth
associated with each prefix originating fromitself by using the Path
Bandwi dt h sub-TLV. The value of the Path Bandw dth sub-TLV SHOULD be
filled with a maxi mum bandwi dth val ue by default.

When | eaking an I P prefix reachability froman OSPF non-zero area to
area zero or fromISISlevel-1to level-2 (e.g., an IP prefix
attached to a | eaf node, such as L1@oD- 1), the path bandw dth val ue
associated with the prefix would be readvertised or updated by OSPF
border routers or 1SIS level-1-2 routers (e.g., S1@oD- 1), and the
value is filled with the m ni num val ue between the bandw dth of the
link towards the originating router (e.g., L1@o9oD-1) and the original
pat h bandwi dth val ue associated with the prefix.

When | eaking the above I P prefix reachability fromthe OSPF area zero
to a non-zero area or fromISIS level-2 to level-1, the path

bandwi dt h val ue associated with the prefix would be readvertised or
updat ed by OSPF border routers or 1SIS level-1-2 routers (e.qg.,
S1@0oD-8) and the value is filled with the m ni nrum val ue between the
ori gi nal bandw dth val ue associated with the prefix and the total
bandwi dth of all paths towards the advertising router of that prefix
(e.g., S1@oD-1).

VWhen a | eaf node within PoD-8, calculates the shortest path to the
above I P prefix, four equal-cost paths will be created via four spine
nodes: S1, S2, S3, and S4 in PoD-8. To enabl e adaptive routing, the
capacity of each path SHOULD be consi dered as a wei ght value for

wei ght ed ECWP | oad- bal ancing. |In particular, the m ni mum val ue

bet ween the capacity of the upstreamlink (e.g., L1@Pod-8->S1@od-8)
of each path (e.g., L1@Pod-8->S1@0oD 8) and the path bandw dth
associated with that prefix is used as a weight value of that path
when perform ng wei ghted ECVP | oad- bal anci ng.
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5. Modifications to SPF Conputation Behavi or

Once an OSPF or I1SIS router is enabled for adaptive routing, the
capacity of each SPF path SHOULD be cal cul ated as a wei ght val ue of
that path for wei ghted ECMP | oad-bal anci ng pur poses.

6. Acknow edgenents
TBD.

7. | ANA Consi derations
TBD.

8. Security Considerations
TBD.
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