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Abstract

Thi s docunent introduces a BGP-based nulti-planar routing
architecture for nodern data center networks, with a particular focus
on environnents running Al/M workl oads that demand traffic
segregation. The proposed sol ution enables determ nistic routing for
wor kl oads with characteristics such as collective comunication and
multi-tenancy. It allows the creation of nmultiple |ogical routing

pl anes over a shared physical infrastructure by defining planes
through three key elenents: Constraints (e.g., fabric color

i ncl usi on/ exclusion) Calculation types (e.g., shortest path) and
Metric types (e.g., cost, delay, bandw dth).
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1. Introduction

Modern Data Center (DC) networks are typically built using dos

t opol ogi es, which provide an n-hop path (commonly 3, 5, or 7 hops)
bet ween i ngress and egress with a mninmal nunber of internediate
nodes. This design offers straightforward scalability as traffic
demands increase. Several factors influence DC network buil dout,
including traffic characteristics, Al workload requirenents, data
generation rates, user distribution, and the placenent of conpute,
storage, and application resources. DC networks generally operate as
pure I P fabrics, using the BGP routing paradigm Nodes (switches or
routers) establish single-hop eBGP sessions with their neighbors

[ RFC7938] .
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3.

When hosting Al workl oads, DC networks are optinized to maxim ze
bandwi dt h usage and handle traffic with | ow entropy characteristics.
Al nodel s have grown dramatically, with parameter counts reaching
billions or even trillions. This scale requires distributing
wor kl oads across multiple datacenters, where inter-DC networks nust
support mxed traffic types. Consequently, Al workloads share the
same physical infrastructure with other applications such as storage,
etc., each with distinct bandwi dth and | atency requiremnents.

Logi cal routing planes provide strict separation between traffic
types while | everagi ng the sane physical infrastructure. This
ensures predictabl e perfornmance across different types of
applications. BGP is widely deployed in datacenters and often serves
as the routing protocol for interconnecting regional datacenters

| ocated within close proximty (e.g., 100120 kn). VWhile nechani sns
for logical routing planes have been defined for | GP protocols

[ RFC9350], a conparable capability is required for BGP

Requi renment s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capital s, as shown here

BGP based Routing Pl anes
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Figure 1: Data Center C os Network

Thi s docunent proposes a BGP-based nulti-planar architecture that
enables the creation of multiple routing planes within a data center
fabric. The key characteristics are as foll ows:
* Routing Plane Definition:
Each routing plane is defined by a set of constraints, a cal culation
type, and a nmetric type. These paraneters, applied to the physical

topol ogy of nodes and links, forma |ogical routing plane.

* Fabric Colors, Metrics and Cal cul ation-type:
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Physi cal links can be tagged with Fabric Colors. Routing planes may
i nclude or exclude specific colors, and/or be differentiated by
metric types such as cost, delay, or bandwi dth. The cal cul ati on-type
refers to the consistent way for best path selection that is applied
within a routing plane. For exanple, all routers in a Routing Plane
apply sanme criteria expressed via BGP inport policy for best path
comput ati on.

* Expressing constraints:

The Routing Plane configuration in conjunction with BGP policy can
conmbine multiple characteristics (e.g., exclude a fabric color while
optinizing for delay) thereby providing flexibility.

* Pre-Built Configuration:

Routing planes are provisioned via configuration. The BGP routing
protocol builds routes and next-hops according to defined
constraints. Application traffic is nmapped to one or the other
routing pl anes based on application intent.

* Application Intent Expression

Application intent is conveyed using BGP extended col or conmunities,
whi ch are associated with prefix advertisenents.

* Fail ure Handl i ng:

In the event of link or node failures, a routing plane nay becone
partitioned. Traffic can fallback to alternate planes.

* Policy-Based Control:

Routing plane definitions are applied as inport/export policies in
BGP advertisenents. Inportantly, this framework does not require new
BGP protocol extensions.

Motivated by the deterministic path forwardi ng nechani sm described in
[1-D.wang-idr-dpf], the approach outlined here provides a generic and
extensi ble framework for defining routing planes. The goal is to
denonstrate how routing planes can be constructed in SRv6 networks by
| everagi ng existing segnent routing constructs.

4. BGP Routing Planes applied to SRv6 network

The foll owi ng section describe the BGP Routing Plane sol ution applied
to SRv6 networks
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Figure 1 diagramillustrates a nulti-planar data center fabric in
whi ch nodes L1, L2, and spines Sl1, S2 belong to the Geen routing
pl ane, while nodes L5, L6 and spines S3, S4 belong to the Blue
routing plane. Servers (e.g., Serverl and Server2) are dual - honed,
wi th connections to both planes.

The requirement is to construct distinct Geen and Blue routing

pl anes across the fabric. Routing plane definitions can be

consi stently applied across the network, ensuring that each pl ane
enforces its constraints and provides deterninistic forwardi ng paths
for application traffic.

Routing Pl ane Definition:

To achieve routing planes for the fabric described in Figure 1, the
Routing plane definition is described bel ow.

G een routing plane:
Cal cul ati on type: BGP Best path
Metric Type: standard netric
Set of constraints: Exclude Bl ue
Bl ue Routing Pl ane:
Cal cul ati on type: BGP Best path
Metric Type: standard netric
Set of constraints: Exclude G een
Each node in the fabric is provisioned with SRv6 |ocators along with
the correspondi ng uN and uA SIDs derived fromthose |ocators. Nodes
that belong to the Green routing plane are additionally configured
with Geen-specific locators, while nodes in the Blue routing plane
are provisioned with Blue-specific |ocators.
SRv6 bl ock for the fabric 2100:db8::/32

L1 instantiates the SID 2100: db8: 0100::/48 associated with the
instruction (End with NEXT-CSID, PSP & USD)

L2 instantiates the SID 2100: db8: 0200:: /48 associated with the
instruction (End with NEXT-CSID, PSP & USD)

L5 instantiates the SID 2100: db8: 0500::/48 associated with the

instruction (End with NEXT-CSID, PSP & USD)
L6 instantiates the SID 2100: db8: 0600: : /48 associated with the
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instruction (End with NEXT-CSID, PSP & USD)

Sl instantiates the SI D 2100: db8: 0900: :/48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD)

S2 instantiates the SID 2100: db8: 0a00: : /48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD)

S3 instantiates the SID 2100: db8: 0b00: : /48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD)

S4 instantiates the SI D 2100: db8: 0c00::/48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD)

Green Routing Pl ane:

L1 instantiates the SID 2100: db8:1100::/48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD) corresponding to G een Routing
Pl ane.

L2 instantiates the SID 2100: db8: 1200::/48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD) corresponding to Green Routing

Pl ane.

L5 instantiates the SID 2100: db8: 1500: : /48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD) corresponding to G een Routing
Pl ane.

L6 instantiates the SID 2100: db8: 1600::/48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD)corresponding to Green Routing
Pl ane.

S1 instantiates the SID 2100: db8: 1900: : /48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD) corresponding to G een Routing
Pl ane.

S2 instantiates the SI D 2100: db8: 1a00: : /48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD) corresponding to Green Routing
Pl ane.

Bl ue Routing Pl ane:

L1 instantiates the SID 2100: db8: 2100::/48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD) corresponding to Blue Routing
Pl ane.

L2 instantiates the SID 2100: db8: 2200: :/48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD) corresponding to Blue Routing
Pl ane.

L5 instantiates the SID 2100: db8: 2500::/48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD) corresponding to Bl ue Routing
Pl ane.

L6 instantiates the SID 2100: db8: 2600: : /48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD)corresponding to Bl ue Routing
Pl ane.

S3 instantiates the SI D 2100: db8: 2b00: : / 48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD)corresponding to Blue Routing
Pl ane.
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S4 instantiates the SI D 2100: db8: 2c00:: /48 associated with the uN
instruction (End with NEXT-CSID, PSP & USD)corresponding to Blue Routing
Pl ane.

Figure 2: SRv6 SID
The BGP sessions in the Geen routing plane are associated with G een
adm n-group [ RFC5305] and the BGP sessions in the Blue routing plane
are associated with Blue adm n-group
4.1. BGP Procedures for building SRv6 Based Routing pl ane

The network is provisioned with initial configurations as described

in [SRv6-sids]. This configuration is performed once per routing
pl ane and does not require nodification based on changing traffic
demands.

* Locator Advertisenents:

Green locators are advertised as standard | Pv6 prefixes (AFI-2, SAFI-
1) and are tagged with the extended col or community [ RFC4360]
correspondi ng to G een.

Blue |ocators are advertised simlarly, with the extended col or
community correspondi ng to Bl ue.

* BGP Policy Mapping:

Each node is configured with BGP policies that nap i nconi ng extended
color comunities to the appropriate routing plane. Wen a policy
maps to a routing plane definition, the routing plane’ s
characteristics are applied to the incomng advertisenent to

det erm ne acceptance or rejection

A locator advertisenent tagged for the Green plane is accepted only
if received on a BGP session associated with the Green adni n-group

Simlarly, a |ocator advertisenment tagged for the Blue plane is
accepted only if received on a BGP session associated with the Blue
adm n- gr oup.

Once the control plane has been established for multiple routing

pl anes, collective comunications can | everage the data pl ane
mechani sms described in the Section 7 to forward traffic across the
appropriate planes. BGP Routing Planes solution builds determnistic
paths inside a fabric purely based on routing. It does not require
any controller based or out-of-band path cal culation, path

provi sioning etc.
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coll ectivel uses Blue routing plane
Srv6 encapsul at ed data packet | oadbal anced across L5 & L6
assumi ng destination prefix is associated with L5/L6
2100: db8: 2500
2100: db8: 2600
coll ective2 uses Green routing plane
Srv6 encapsul at ed data packet | oadbal anced across L1 & L2
assunmi ng destination prefix is associated with L1/L2
2100: db8: 1100
2100: db8: 1200

Figure 3: BGP Routing based determnistic paths
5. Milti Tenancy

Cloud providers often face the requirenent of supporting nultiple
custoner Al/M. workl oads sinmultaneously within the sane data center
To ensure isolation, custonmer traffic nust be carried on separate
pat hs, preventing one workl oad frominmpacting anot her

Thi s separation can be achi eved by constructing source-routed paths
within the routing planes, using nechanisnms described in
[1-D.filsfils-srvbéops-srv6-ai-backend]. For exanpl e:

A source-routed path for Customer A, Collective Type 1 may be built
usi ng uA and uN SIDs defined for the Blue routing plane on node S3.

A source-routed path for Customer B, Collective Type 1 may be built
usi ng uA and uN SIDs defined for the Blue routing plane on node $4.

Thi s approach ensures that each customer’ s workload traffic remains
isolated within its designated routing plane, while still |everaging
the shared physical infrastructure and this is possible only with
source based routing.

Such source routing based solutions MIST require controller or any
out - of - band nmechanisns. Wth this, one can learn the fabric network
topol ogy, the details of the hosts network attachment. It is also
very essential to collect the current operational state of the nodes
and the links etc. for providing input to the soruce based path
conput ati on.
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Source Routed path for customer A collectivel uses Blue routing plane S3:
2100: db8: 2b00: 2500

Source Routed path for custoner B collectivel uses Blue routing plane S4
2100: db8: 2C00: 2600

Source Routed path for custoner A collective2 uses G een routing plane Sl:
2100: db8: 1900: 2100

Source Routed path for customer B collective2 uses G een routing plane S2
2100: db8: 1a00: 2200

Figure 4: Source routed paths
6. M nimum bandwi dth as a constraint

In addition to fabric color constraints, routing planes can enforce a
m ni mum bandwi dth requirenent. The BGP |ink-bandw dth conmunity
[I-D.ietf-idr-1ink-bandw dth] can be used to convey end-to-end

bandwi dth of the path. Wen a BGP advertisenent is received, the

I'i nk-bandwi dth value is extracted and conpared with the m ni mum
bandwi dth configured in the routing-plane definition, excluding paths
that do not mneet the threshol d.

7. Scaling across multiple data-centers

Al/ M training nodels continue to grow in size and conplexity, often
requiring depl oyment across nultiple datacenters. In such scenari os,
the Data Center Interconnect (DCl) network must be designed to
optimze for the | owest delay netric, ensuring efficient distribution
of wor Kkl oads.

Qperators nmay deploy either I1GP or BG for DCl routing; in nmany
cases, BGP is preferred due to its flexibility and w despread use.
The nechani sm for advertising delay metrics in BGP is defined in
[I-D.ietf-idr-bgp-generic-netric]. Delay values may be confi gured
statically or neasured dynam cally using protocols such as TWAMP

[ RFC5357] .

To construct a routing plane based on del ay:

* The netric-type in the routing plane definition Section 4 is set to
del ay.

When multiple BGP advertisenments exist for the sanme prefix, best path

selection is perforned using the delay nmetric carried in the generic-
metric attribute.
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This framework is generic and extensible, allow ng operators to
define multi-planar networks using a variety of netric types (e.qg.,
cost, bandw dth, delay) and constraints, depending on operationa
requirenents.

8. Data Pl ane Consi derations

Traffic in data center and interconnect networks typically consists

of two patterns: bandwi dth-intensive “elephant flows” and short-Iived
“mce flows.” These traffic patterns exhibit |ow entropy, and because
Al conputations are highly sensitive to | atency, any congestion in

the network can significantly degrade perfornmance. Coping with
congestion requires a conbination of strategi es: avoi dance,

detection, notification, and reaction

* Congestion Avoi dance:

Mechani sns such as strategic traffic segregation via routing planes
and packet spraying across available links are enployed to reduce the
I'i keli hood of congestion

* Congestion Detection and Notification

Techni ques like Explicit Congestion Notification (ECN) and | atency
measur enents can be scoped to individual routing planes. This allows
congestion signals to be delivered to the sender with plane-specific
granul arity.

* Congestion Reaction:

Wthin a routing plane, BGP can select nultiple paths to a
destination, designating one or nore as prinmary and ot hers as backup
Backup paths can be pre-programed, enabling traffic to switch at

m | lisecond granularity when congestion occurs.

* Policy Enforcenent:

Routing plane policies can reflect customer intent. For exanple,

Ii nks experiencing quality degradation may be excluded, and traffic
can be redirected to an alternate routing plane designated as backup

The traffic can be classified based on DSCP marking to distinguish
the collectives it belongs to.

9. | ANA Consi der ations

TBD
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