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Abstract

Thi s docunent provides an overvi ew of routing technol ogi es that
address the needs of traffic engineering and | oad bal ancing, with a
focus on fast notification for exanple in adaptive or perceptive
routing. As the scale and conplexity of networks grow, these
technol ogi es are becom ng increasingly inportant when fault tolerance
and rapi d convergence are critical. This docunment explores existing
solutions fromboth the | ETF and the broader industry, highlighting
their applicability to various use cases, including Al workl oads and
general services that demand | ow | atency, fault recovery, and dynanic
| oad distribution across data center networks and inter data center.
It also offers suggestions for potential IETF initiatives to further
devel op and standardi ze these techniques.

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 nmay 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 documents valid for a maxi mum of six nonths
and nay 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 4 Septenber 2025
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As a result,
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standards and the industry,

As wi dely discussed both in
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networks to make real -time adjustnments in response to varying traffic
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| oads and network conditions, ensuring that network resources are
optimally utilized and congestion is m nim zed.

Thi s docunent provides an overvi ew of routing technol ogi es that
address the needs of traffic engineering and | oad bal ancing, with a
focus on the fast notification, for exanple in adaptive routing where
the routing decision adapts to network events. As the scale and
compl exity of networks grow, these technol ogi es are becom ng
increasingly inportant when fault tol erance and rapid convergence are
critical. This document explores existing solutions fromboth the

| ETF and the broader industry, highlighting their applicability to
various use cases, including Al workloads and general services that
demand | ow |l atency fault recovery and dynamic | oad distribution
across data center networks and inter data center. It also offers
suggestions for potential IETF initiatives to further devel op and

st andardi ze t hese techni ques.

2. Proposals in | ETF

There are several individual drafts in the | ETF which describe the
probl ens, gaps, requirenents and potential frameworks for routing in
Al networks. This section briefly goes through these docunents,
sunmmari zes the current state of this topic in the | ETF, and
identifies the open issues which needs further work.

2.1. Gap Analysis, Problem Statenent and Requirenents

[1-D. hcl -rtgwg-ai - net wor k- probl enj anal yzes the gaps in the networks
used for Al training, and describes the requirenents for

i mprovenents. It firstly introduces the charateristics of Al
training traffic, then focuses on the gaps and requi enents in severa
key technol ogi es: Load Bal anci ng, Congestion Control and Fast
Failover. It is not clear whether the congestion control mentioned
in this docunent is nore related to the network |ayer or the
transport | ayer.

[1-D.cheng-rtgwg-ai-network-reliability-problem fucuses on the
reliability problemand requirements in Al networks. It describes
the existing nechanisns for network reliability, including link fault
detection, ECMP, fast reroute and fast route convergence, (e.g. BGP
Prefi x | ndependent Convergence (PIC)), then analyzes the gaps in the
timng of fault detection, notification propagati on and switchover

In the end, the draft lists a set of requirenents for new techniques
on fault detection, congestion elimnation, fast fault notification
and fast sw tching over.

Dong, et al. Expi res 4 Septenber 2025 [ Page 3]



Internet-Draft Fantel State-of-Art March 2025

[1-D. wang-rtgwg-dragonfly-routing-problen] introduces the
characteristics and routing nmechani snms of dragonfly topol ogy,

i ncluding Mnimal Routing, Non-M niml Routing, Adaptive Routing and
Val i ant Load-Bal anced Routing. Then it analyzes the gaps of existing
routing nmechani smin dragonfly networks, such as |oad bal anci ng and
adaptive routing notification, in the end the drafts list the
requirenents on routing protocols for dragonfly networKks.

The anal ysis shows that there are some overlaps in the gap analysis
and probl em statenent between these docunents. The common probl ens
and gaps identified for routing in Al networks are | oad bal anci ng and
fast failure notification. The requirenents on routing protocols and
the notification mechani smneed further investigation

2. 2. Fr amewor k

[1-D. cheng-rtgwg-adaptive-routing-framework] describes a franework
for adaptive routing, including a set of conponents, their
interaction and the workflow It identifies the problenms with

exi sting fl ow based | oad bal ancing in Al networks, especially when
congesti on happens on sone of the links. The solutions are
classified into tw types: flow based adjustnments and packet -based
adj ustnents. The flow based ajdustnents are further categorized into
wei ght - based dyanam ¢ ECVP and Fl ow redirection. The overal
adaptive routing framework consists of routing plane, forwarding

pl ane, adaptive routing policy and the renpote congestion detection
In the forwarding plane, it proposes to add renpte path info to the
forwarding table, and the quality of the links can be updated in
response to congestion, then new wei ght value can be calculated to
optinize the wei ght-based | oad balancing. In the routing plane, the
draft anal yzes the possi bl e extensions needed in routing protocols
for obtaining the path information. In congestion detection, it
gives the definition of congestion, the general nechanisns for
detecting congestion, then describes the types of information needs
to be carried in the congestion notification nessage. It also
anl al yzed the options of transmtting congestion information, either
by extendi ng existing protocols or introducing new protocols.

[1-D.liu-rtgwg- pat h-aware-renote-protection] desribes the framework
of path-aware renpte protection. It contains the routing plane, the
forwardi ng plane and the renote failure notification. Similar to
[1-D. cheng-rtgwg-adaptive-routing-framework], path awareness is
required in the routing plane and forwarding plane for rapid
switchover. It gives the requirenments on renote |ink detection that
the failure notification should be indepedent of routing protocols,
and broadcast fl ooding should be avoided. It also talks about the
protection scope of renote protection, which may have inpacts on the
speed and propagation of failure notification
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[1-D.li-rtgwg-distributed-1ossless-framework] analyzes the chall enges
in building ultra large scale data centers for Al training, and

i ntroduces the scenarios of distributed AIDC networks. Then it
proposes a framework and a set of key technol ogies for building

| ossl ess and reliable interconnection between nultiple data centers.
A obal | oad bal anci ng, precise flowcontrol and packet |oss detection
are nentioned as key mechani sms.

This shows that the scope of the framework docunents are different,
whil e sone of the content are overlapped. There is a possibility to
conbi ne the existing framework docunents to build a conplete
framewor k whi ch includes both congestion and protection, and covers
both intra-DC and inter-DC scenari 0s.

2.3. I nf ormati on Model

[1-D.zhou-rtgwg- perceptive-routing-information] defines the

i nformati on nodel for perceptive routing (PR), which provides the
necessary information and rel ati onship of the components in the

i mpl ement ati on of adaptive routing systems. It offers a conmon

i nformati on nodel for representing the state of the network, allow ng
devices to comunicate critical information such as failures,
congestion, and optimal paths, facilitating dynam ¢ and autonated
deci si on-naki ng. The information nodel for a PR sensing node
includes a set of local information and network-1evel information
whi ch can be used to evaluate whether a PR notification needs to be
generated and sent. The information nodel for a PR routing node

i ncludes a set of decisions and behaviors to be made by a PR routing
node on receipt of the PR notification

2.4. Solutions

In the solution space, there are several documents whi ch propose the
mechani sns for routing in Al networks include topol ogy-specific
mechani sns, extensions to routing protocols and the new protocols for
the notification of network status.

2.4.1. Topol ogy-specific Routing Mechani sms

[1-D. agt-rtgwg-dragonfly-routing] provides on overview of the
Dragonfl y+ topol oy, and describes the routing and forwarding
mechani sms in the Dragonfly+ topol ogy, which relies heavily on non-

m ni mal routing and adaptive | oad bal ancing for efficient use of
avai l abl e network capacity. It uses existing routing mechani sms such
as VRF, route | eaking and EBGP to achi eve route propagation contro
and routing policy. |In terns of adaptive |oad bal ancing, the purpose
is to fill paths starting fromhigh priority, and try to nove fl ows
from congested paths as a reaction to congestion. It requires that

Dong, et al. Expi res 4 Septenber 2025 [ Page 5]



Internet-Draft Fantel State-of-Art March 2025

adapti ve | oad bal ancing be able to work w thout conplete know edge of
network link utilization and queue state. It also considers that
adaptive routing can work as a complenentary failure handling
mechani sm faster than routing convergence. Wile the detail ed
adaptive routing and | oad bal anci ng nechani sns are left to other
document s.

2.4.2. Extensions to Routing Protocols

[1-D.xu-idr-fare] proposes extensions to BG® to carry end-to-end path
bandwi dth within the data center fabric for adaptive routing. |In the
draft a new type of BGP Extended Community is defined, and its usage
in BGP route update distribution is specified using exanples of
3-stage and 5-stage Clos networks. Wth the information of path
bandwi dth and |ink bandw dth, weighted ECVMP | oad bal anci ng can be

per f or nmed.

[1-D. wang-i dr-next - next - hop- nodes] proposes extensions to BGP to
carry the next-next hop nodes associated with a given BGP next hop
One usage of the next-next hops information is for global |oad

bal ancing (G.B) in a Cos network, where | oad bal anci ng based on

| ocal next-hop information cannot nmitigate the congestion, and it
requires help fromthe previous hop(s) to shift the traffic to

al ternative next-hop nodes towards a next-next hop node. The next-
next hop information is encoded as a new characteristic code of the
BGP Next Hop Dependent Characteristics Attribute.

2.4.3. New Protocols for Fast Notification

[1-D. wh-rtgwg-adaptive-routing-arn] specifies Adaptive Routing
Notification (ARN) as a general nechanismto proactively disseninate
congestion/failure detection and elimnation information for renote
nodes to performre-routing policies. An ARN nessage contains two
kinds of information: information reflecting the type of notification
(congestion or failure) and quantifiable netrics (e.g., congestion

| evel), and information carrying details about the affected object
(e.g., affected traffic, affected paths). The ARN nessages can be
sent using unicast or nulticast to other network nodes. The format
of the ARN packets and its processing on the sending and receiving
nodes are also specified. The inpact to route ocillation and packet
reordering caused by ARN are for further study.

[1-D.liu-rtgwg-adaptive-routing-notification] describes the
information carried in Adaptive Routing Notification (ARN) nessages
and t he mechani sms of delivering ARN nessage in the network. The
draft gives three options, each of which specifies the information
carried in the ARN nessage and the nechani sm of sendi ng the nessage
to specific network nodes. The conplexity and overhead in
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i mpl ementation are also anal yzed. It also introduces an ARN TAG
mechanismto control the enabling of ARN neschani smon specific
traffic fl ows.

[1-D.zzhang-rtgwg-router-info] specifies a generic nmechanismfor a
router to advertise sone information to its neighbors. One use case
is to advertise link or path information to allow receiving node to
better react to network changs . The draft firstly anal yzes the
requirenents for the information adverti senment, then chooses to use
UDP as a better choice conparing to IGP. The format of the nessage
and the contained information are defined in the draft. How the IP
address of the target nodes are obtai ned, and the processing on the
recei ving nodes are considered out of scope of the draft.

3. Inplenentations in Industry

One of the nost prominent applications of fast notification is
adaptive routing, which has recently gained significant traction in
Et hernet-based Artificial Intelligence Data Centers (AIDCs). These
data centers require real-time network information to dynamically
handl e the unpredictable and bursty traffic of Al/M applications.
The foll owi ng sections highlight sone notabl e inpl enentations of
adaptive routing in nodern data center environnents.

3. 1. DLB and G.B

Dynam c Load Bal ancing (DLB) is a nechanismthat selects the next hop
for packets based on the quality of the local switch port or other

|l ocal information. d obal Load Bal ancing (G.B) extends this approach
by considering the quality of downstream paths when sel ecting the
next hop, thereby optimzing traffic distribution and inproving
overall network efficiency. The DLB and G.B nechani sns are

i mpl emented by many data center sw tches, including those from

Br oadcom [ GLB- Broadcon], Juni per [G.B-Juniper], and Nvidia
[GLB-NVI DI A] .

3.2. VRF-based Adaptive Routing

Huawei ' s Cl oudEngi ne series sw tches inplenent adaptive routing
through a VRF-based architecture [VRF-AR]. This design maintains
three distinct routing tables on each device: one for shortest paths,
one for non-shortest paths, and a conbined table for both. Path

sel ection is dynanmically adjusted based on real -time network
conditions, including both the I ocal port status and gl oba
congestion status. The latter is comunicated via Adaptive Routing
Notifications (ARN), allowing for intelligent, congestion-aware
routing decisions that enhance overall network performance and
resiliency.
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3.3. CONGA

Ci sco devel oped a solution [ CONGA] for datacenter fatrics. CONGA is
a networ k-based, distributed, congestion-aware |oad bal anci ng
mechani sm desi gned for datacenter C os topol ogi es and network
virtualization overlays. It is CONGA splits TCP flows into flowets,
estimates real -tine congestion on fabric paths using feedback from
renote switches, and dynam cally allocates flow ets to optinal paths.

3.4. Centralized TE and E- ECMP

Met a has devel oped several solutions such as centralized Traffic
Engi neering (TE) and Enhaneced ECMP ( E- ECMP) which are specifically
designed for Al workl oads [ TE- EECVP] .

In the centralized TE approach, real-tinme workl oad and network

topol ogy information are collected and transnmitted to the contro

pl ane. The TE engi ne then executes the Constrained Shortest Path
First (CSPF) algorithmto generate optim zed flow placenents every 30
seconds. The resulting flow placement policy overrides the default
BGP routes on each switch, with BGP routing decisions serving

excl usively as a backup nmechani sm

E-ECWP is designed to address the | ow entropy inherent in Al workl oad
flows. To achieve this, switches are configured to additionally hash
the QP field of RoCE packets. Furthernore, NIGto-NIC flows are
divided into nmultiple flows to increase the nunber of QPs, thereby
enhancing | oad distribution

4. Summary and Potential Work

The anal ysis about the current state of the art for routing in Al

net wor ks shows that "Adaptive Routing"” is a vague term and has
different neanings in different docunments or inplenentations. In
sonme cases, it refers to dynam c | oad bal ancing taking the Iink
congestion status into consideration. Wile in sone other cases, it
refers to fast switchover due to network failure. As claimed in sone
docunents, adaptive routing is faster than route convergence, the
fuctionalities specified in the docunents are not directly related to

routing or path conputation. |In the industry, global |oad bal ancing
(GB) is used in nmany solutions, while it does not cover the failure
cases. It seens that a better termmay be needed in | ETF to nore

accurately reflect the functionality.

According to the framework and sol utions docunents, it seens the
related work mainly includes: routing extensions for nore visibility
in network topology and capacity information, fast notification of
net wor k congestion or failure conditions, and dynanmic traffic
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engi neering and | oad bal anci ng mechani sms. | n sone gap anal ysis and
probl em statements, congestion control is also considered as one of
the problens to be solved. While since congestion managnment bel ongs
tothe WT area in IETF, it is not clear whether it can be pursued
together with other functions in the RTG area.

In many of the anal yzed docunents, it is assumed that the underlay
routing i s based on EBGP, and extensions to BGP for the advertisenent
of additional network information are proposed. Wether other
routing protocol options (e.g., IGP, |IBG, BG-SPF, RIFT etc.) also
need to be investigated is sonething for further consideration

In terms of |oad bal ancing, currently nost of the docurments and
solutions focus on the | oad bal ancing over ECMP paths, while in sone
topol ogi es (such as Dragonfly and Dragonfly+), non-ECWVP pat hs may

al so need to be taken into consideration

It seens the there is conmon interest in the fast notification
mechani smfor traffic engineering and | oad bal ancing. This may be
something a newinitiative in | ETF could start with, and there is
some open questions for further discussion. As nentioned in sone of
the docunents, congestion notification is required for dynam c | oad
bal ancing or flow redirect, and failure notification is required for
fast switchover. Currently it is not clear whether it is possible to
provi de a general nechanismfor the notification of both the
congestion and failure conditions, or there is enough differences
between the two cases that separate nechani sns are needed. Moreover,
further investigation is needed on whether a new protocol is needed
for fast notification, or extensions based on existing protocols
woul d al so neet sonme of the requirenents

5. Security Considerations

TBD
6. | ANA Consi derations

There are no requested | ANA acti ons.
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