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Abstract

Thi s docunent describes a nechanismto achieve Miultipath Traffic
Engi neering for Segnent Routing based networks.

Di scussi on Venues
This note is to be renoved before publishing as an RFC
Di scussion of this docunment takes place on the Source Packet Routing
in Networking Wrking Goup mailing list (spring@etf.org), which is

archived at https://mailarchive.ietf.org/arch/browse/spring/.

Source for this draft and an issue tracker can be found at
https://github. com ast one282/ draft-stone-spring-npte-sr.

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 4 Decenber 2026.
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I nt roducti on

[1-D.draft-konpella-teas-npte] introduces a nultipath traffic

engi neering concept that conbines the benefits of both Equal - Cost

Mul tipath (ECWP) forwarding and traffic-engineered paths. This
approach uses a Directed Acyclic G aph (DAG based forwarding
mechanism with the DAG signaled to participating network nodes. The
concept is to nove beyond sinple ECVMP paths by incorporating both
ECMP and non- ECMP paths while still adhering to traffic engineering
constraints, to provide added resiliency while also permtting better
usage of |ink bandw dth.

Thi s docunent di scusses a centralized conputation and signaling
mechani sm for SR-based networks

Thi s docunent does not propose new extensions to the Segnent Routing
protocol constructs.

The docunent assunmes the reader is famliar with [ RFC8402],
[ RFC9256], and [I-D.draft-konpell a-teas-npte].

1. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here

The BCP 14 keywords used in this docunent describe the expected
behavi or of the centralized controller and the Junction nodes when
realizing an MPTE DAG using SR Policy and Binding SIDs. They are not
intended to introduce new requirenents on the underlying SR Policy,
PCEP, BGP, BGP-LS, or NETCONF protocols thensel ves.

Ter mi nol ogy

* For MPTE termnology such as MPTED, DAG MC, M D, Junction node
and others see [I-D.draft-konpell a-teas-npte].

* For SR termnol ogy see [ RFC8402] and [ RFC9256].
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3.

4.

MPTE vs nultiple SIDIlists

It’s worth recognizing the SR Policy information nodel supports
encoding nultiple paths on a tunnel at the ingress, by using nultiple
SIDlists within a Candidate Path. A Directed Acyclic G aph (DAG
can therefore be expressed as a collection of paths, each programred
as a separate ingress SIDIlist. However, this ingress only encoding
has trade offs such as the nunmber of paths can grow significantly
with graph size, weighted flow hashing is perforned only at the

i ngress (not at each downstream node), and the maxi mum segnent depth
(MBD) constrains long paths that deviate fromthe shortest path.

Encodi ng the DAG s forwarding instructions across the participating
Junction nodes reduces the nunber of ingress SID lists and all ows
per-node wei ght tuning, at the cost of additional state in the
network. The choice between ingress-only segnent |lists and the MPTE
DAG based nechani sm depends on the traffic engi neering requirenents,
network design, link/path nmetrics, and the DAG structure.

MPTE concepts with Segment Routing

Thi s docunent proposes the bel ow concepts for applying MPTE in an SR
envi ronment .

1. MPTED

The MPTED i s managed by a centralized controller, such as a Path
Conput ati on El enent (PCE) acting as the MC. Topol ogy discovery is
performed using BGP-LS [ RFC9552], while transport control plane
signaling is achieved through controller-oriented protocols such as
Pat h Conput ation El ement Protocol (PCEP) [ RFC5440], [RFC8231] and
BGP/ BGP-LS [I-D.draft-ietf-idr-segnent-routing-te-policy],
[I-D.draft-ietf-idr-bgp-Is-sr-policy]. The MC conputes, manages, and
distributes all forwarding information to the nodes participating in
the MPTE DAG which formthe MPTED.

[1-D.draft-konpella-teas-npte] specifies that a node in the MPTED i s
identified by its I Pv6 | oopback address. However, this docunent

all ows the use of a 32-bit dotted quad router 1D as an alternative to
support | Pv4 or dual stack networks. This value represents the
headend address of a node participating in the DAG

As per [I-D.draft-konpella-teas-npte], the controller acting as the
MC is responsible for assigning the MD and increnenting the MPTED
uni que | D version.

Stone, et al. Expi res 4 Decenber 2026 [ Page 4]



I nternet-Draft spring- npt e-sr June 2026

4.2. Junction Segnent

The concept of a Junction Segnment is introduced to describe the
signaling and forwardi ng behavior of a Junction node in an SR
net wor k:

A junction segnment is:

* realized using SR Policy construct with a single Candidate Path, a
Bi nding SID [ RFC9256] and one or nore segnent lists to one or nore
downst ream nodes

* simlar to a Replication Segrment [RFC9524], but perfornms
forwardi ng based on | oad bal ancing rather than replication

* jinstalled on nodes identified as Junction Nodes, as defined in
[1-D.draft-konpell a-teas-npte].

* conbined with one or nore Junction segnents across a segnent
routed topol ogy domain to forman MPTE DAG t unnel

Since a Junction Segnent may egress to nmultiple downstream nodes, the
endpoi nt of the corresponding SR Policy can be set to the null value
(0.0.0.0 for IPv4, :: for IPv6). Therefore, a Junction segnent is
identified by its <headend, color> attribute.

The color value is mapped to the <MD, Version> tuple and is tracked
by the controller

It is RECOWENDED that a gl obally consistent col or val ue be used
across all Junction Segnments that belong to a single DAG instance or
that serve a common DAG i ntent.

The MPTE tunnel is used by one or many SR Policies instantiated on
one or many ingress nodes.

A Junction Segnent nmay be used by nmultiple ingress SR Policies,

provi ded that the subgraph it forwards over is fully shared by all SR
Policies using it, including the set of their respective egress

nodes.

The ingress SR Policy is responsible for initiating traffic steering
into the DAG and is associated with a col or value representing
service intent. The junction segnent, on the other hand, is a DAG
forwardi ng construct inplenmented as an SR Policy with a BSID
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5.

To support global optimzation with make-before-break (MBB)
operations across a set of ingress SR Policies, the col or val ue used
by Junction Segnents SHOULD differ fromthe col or val ues of the
ingress SR Policies that are consuners of the DAG This distinction
all ows ingress SR Policies to independently nmanage service steering
whi | e enabling consistent forwarding behavior across the DAG

The controller is responsible for maintaining and tracking the
associ ation and semantic neani ng of col or values across all Junction
Segnents that participate in the DAG

Accordingly, an inplenentation SHOULD treat ingress SR Policies and
Junction Segnments as decoupl ed constructs, each with their own
versioning and lifecycle.

Si nce SR-based networks support specifying nmultiple egress interfaces
usi ng adj acency-SID sets and Node SIDs, the Junction Segnent NMNAY
include a SIDlist entry that identifies nultiple outgoing
interfaces. In addition to egress interfaces,

[1-D.draft-konpell a-teas-npte] describes signaling ingress
interfaces. The use of a Junction Segnent onmits the need for per-
interface ingress signaling as a single Binding Segnent attached to
an SR Policy is used. Al upstreamoriginated traffic sent to a
downstream Juncti on Node uses the sane, single Junction Segnment val ue
whi ch is a Binding Segnent.

Operation
1. Cenera

A path computation request or tunnel delegation notification is sent
to the controller, specifying one or nore ingress and egress nodes,
along with constraints or service | evel agreenent policy information
This request may originate froman ingress router in the network or
be provisioned directly via an APl to the controller. This tunne
conmput ation request or delegation pertains to an instance of an MPTE
Tunnel achieved with the ingress SR Policy.

The controller conputes the DAG for ingress and all egress endpoints
to determine all Junction nodes in the DAG to be used for the tunnel

The controller signals the Junction Segnent(s) to all downstream
nodes, starting with the penultimte egress hop node(s) and working
upwards toward the ingress nodes. The controller may perform

depl oynents in parallel provided there is no interdependency of

val ues between junction segnents, and the controller does not update
the ingress until all deploynents are deened successful
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If a Junction Segment cannot be depl oyed to a node, the controller
SHOULD re-attenpt the deploynent up to a configurably defined maxi mum
nunber of retries.

Dependi ng on |l ocal policy and inplenentation constraints, the
controller MAY execute a full rollback of the configuration, or it
MAY al |l ow the partial deploynment to proceed, provided that the TE
constraints continue to be satisfied.

Junction Segnents are deployed as a unicast SR Policy with a single
Candi dat e Path using protocols such as PCEP, BGP, or NETCONF.

A BSID MIUST be explicitly requested or signaled to the Juncti on node
for assignment. |If the controller opts for |ocal node assigned
value, it MJST wait to signal upstream Junction nodes about their
Junction segnments in their outgoing SID lists. The BSID val ue MAY be
a constant value globally, if assigned by PCE/ Controller, or may be a
different value on each Junction Node whether it’ s assigned by the
controller or the local Junction Node itself.

Each SR Policy contains one or nore SIDIlists. Wth the exception of
the penultinate node, these SID lists include at |east two segnent
identifiers: one SID for forwarding to the downstream Junction node
and one for the Junction Segnment value (BSID) of the downstream node.
For directly connected neighbors, this nay be the adjacency or node
SID for the neighbor. For Junction nodes that are not directly
connected, additional SIDs MAY be used to steer the packet along an
ECMP or non-ECMP path to the downstream Juncti on node

Appendi x A provides an exanpl e topol ogy and resulting Junction
segment s.

5.2. Tunnel with nmultiple ingress/egress

[1-D.draft-konpell a-teas-npte] specifies that an MPTE Tunnel could
have multiple ingress and/or multiple egress nodes. For controller-
initiated tunnels, the intended ingress and egress node(s) can be
provided to the controller based on inplenentation specific methods.
These may be signaled to the network as nultiple tunnels to support
mul ti-ingress scenarios. Each tunnel can use a null Endpoint val ue
to support nulti-egress.

MPTE SR Policies that are originated or defined by network devices
are typically limted to a single ingress and a single egress
endpoi nt unl ess protocols such as PCEP or NETCONF are extended to
encode additional intended destination node(s) for controller-based
pat h conput ati on.

Stone, et al. Expi res 4 Decenber 2026 [ Page 7]



I nternet-Draft spring- npt e-sr June 2026

As nentioned in Section 4.2, the DAG tunnel may be re-used by
multiple ingress SR Policies. This nechanismis used to support
achieving multiple ingress nodes originated fromthe network, by way
of the controller binding and attaching the ingress SR Policies to a
pre-exi sting DAG sharing the sanme intent and endpoints.

5.3. Load- bal anci ng

VWhen a packet with the BSID assigned to the Junction Segment is
received at its Junction Node, the node perforns wei ghted non-equa
cost flow based forwarding across all egress SID |ists associated
with the Junction Segnent.

As per [RFC9256] Section 2.11, The fraction of the flows associated
with a given segnent list is w Sw, where wis the weight of the
segnent list and Swis the sumof the weights of the segnent |ists.
To exclude forwarding via a specific egress interface while
preserving the forwarding structure, a weight value of zero is
assigned to the correspondi ng segnent |ist.

5. 4. Protection

As described in [I-D. draft-konpella-teas-npte], as there are nultiple
egress interfaces (SID Lists), the loss of one interface |ink does
not result in traffic drops, as long as one egress interface (SID

Li st) remains although congestion nmay occur. For exanple, in the
topol ogy shown in Appendix A, Node C can tolerate the loss of up to 3
egress links and traffic will still forward (potentially with
congesti on).

If a Junction Node experiences a failure of all egress links
(including any protection for those links), it will initially

bl ackhol e traffic until upstream nodes are notified by the controller
to remove the failed Junction node fromthe DAG

To reduce the risk of outages caused by single link failure, the
controller MAY optimn ze DAG depl oynent by assigning Junction Segnents
only to nodes with nore than one egress segnent list. In other
words, if a node in the DAG has only one egress interface, it
functions solely as a transit node for an upstream Junction Segnent
and does not receive a Junction Segnent itself. For exanple, in the
t opol ogy shown in Appendix A, Node E is onmitted fromreceiving a
Junction Segment as it only has 1 egress link

Li nk protection froman upstream Junction node to its downstream
Junction nodes can be achi eved using existing Topol ogy | ndependent
Loop-Free Alternative (Tl-LFA) [ RFC9855] nechani sns, applied per
egress SID List on each Junction Segnent. Since the top SID(s) in

Stone, et al. Expi res 4 Decenber 2026 [ Page 8]



I nternet-Draft spring- npt e-sr June 2026

each SID List identify the path to the next downstream Junction node,
TI-LFA is applicable. Effectively, TI-LFA is used to protect traffic
bet ween Juncti on Segnents along a path within the DAG and i s not
intended to protect traffic directed toward the DAG s egress nodes or
the entire DAG

Local conputation for node protection on an upstream Junction node is
not feasible, because it lacks visibility into the DAG beyond the

i medi at e downst ream Junction node as it only knows the next Junction
Segnent. A controller MAY be used to preconpute backup SR Pat hs and
signal these backup SID Lists to the upstream Junction segnents.

5.5. Hierarchy

The use of Junction Segments to achieve a DAG can be used in
hi erarchi cal organi zation and sharing of DAGs between end-to-end
tunnel s.

For instance, in a multi-area or multi-instance topol ogy, one or nore
shared DAGs may be created per area, connecting the border ingress
node(s) and egress node(s). These DAGs can then be stitched together
for use in an end-to-end SR tunnel

Figure 1 is an exanple of two independent SR Policy Tunnels from
Headend A and Headend B terminating on Egress X. An instance of a
DAG with M D 100 can be configured between area border routers (ABR)
ABR-1 and the Egress X node. ABR-1 Junction Segment which ingresses
the DAG has a Bi ndi ng Segnent attached, for exanple BSID 100.
Therefore, the SID list on Headend A and Headend B SID |ists would
contain the SR Path (ex: Node-SID ABR-1) to reach ABR 1 foll owed by
BSI D- 100. The instruction set fromeach Headend to ABR 1 could al so
be anot her instance of a DAG either for independent use or shared.
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5.

6.

6.

| --\ Path 1 ===l | ---\
| Headend| ----\ R \ --\
| A | ----\ +----- +-/ --- B A T +
omees + SRR I I |
| --- | ABR| -------mmmmaao - | Egr ess|
| --- ] 1 | | DAG- 100 | X |
S R + | +--mna + --\ I S RS +
----- / | -\ R ARy -- ]
| Headend| ----] | --\ -- |
| B | --/ Path 2 | -\ | --/ |
Fomemm - + | --\ -/ |
| | -1 |
I I I
Domai n/ Area 1 Domai n/ Area 2

Figure 1 : Reusabl e DAG 100
6. Directly connected Junction nodes

As described in the Operational section, all transit nodes in a DAG
MAY be signaled with a Junction Segment. Alternatively dependi ng on
the topol ogi cal graph and TE requirenents, two Junction segments may
be interconnected via an SR Path, with a SID list, where the SR Path
itself may correspond to an ECVMP or TE Pat h.

Optim zation

1. Local optimzation

Local optim zation refers to updates applied to a single Junction
node that can be performed wi thout requiring coordi nated updates
across multiple nodes in the DAG These operations are consi dered
safe when they do not introduce forwardi ng | oops or cause
reachability interruptions within the DAG

Exanmpl es of | ocal optinzations include:

* Mani pul ating the weight distribution of the outgoing SID lists

* Replacing an existing SIDIlist with a nore optinmal one (e.g. using
a new adj acency SID or updated SR path to the next Junction node).
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* Adding a new SID list toward an egress node that is not itself a
Junction node.

* Renoving a SID list, provided that at | east one other outgoing SID
list remains active.

* Adding a new SID list to a Junction node that connects to a new
downstream sub-graph which is not yet connected to the DAG
structure.

Wi |l e these operations are scoped to a single node, their correct
application may still require awareness of the surroundi ng DAG
structure to avoid introducing | oops or reachability issues. For
instance, the addition of a new SID list may require confirmtion
that the new sub-graph is not already part of the DAG or that it
connects | oop free.

Local optim zations may al so be chained in sequence across multiple
nodes. Wen each step maintains |oop free and reachabl e properties,
such a chain of updates is still considered local in nature.

For exanpl e:

* (Ceaning up an upstream di sconnected sub-graph follow ng the
removal of an upstream SID list (BSIDis no | onger used)

It is inportant to note that local optimzation differs from gl oba
optimzation in that it does not require versioning or re-signaling
of the entire DAG structure.

Since a Junction Segnent is realized via an SR Policy, the controller
| everages existing protocol nechanisns to update a Junction segment
forwardi ng instructions, as the Junction Segnment itself is
represented as a candidate path within the SR Policy. Wen updating
an existing candi date path, the binding SID MJST NOT change, as doing
so woul d cause traffic using that binding SID to drop until upstream
consuners are updated. Such a change should instead be treated as a
gl obal optim zation, not a |ocal one.

Mul tipl e candi date paths could be used to support nore conprehensive
| ocal optimnzations. However, caution is required in how the MPTED
version is encoded and how version increnents are signal ed, since
candi date paths are signaled within the context of the SR Policy.
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If the same color value is reused and a new candi date path is

depl oyed, the new candidate path will not be installed in the
forwardi ng plane until the existing one is renoved, as only one
candi date path may be active per SR Policy. This operation may not
be hitless, depending on hardware inplenmentation

Alternatively, if a different color value is used, the new candi date
path may be allowed to go active. However, it will still fail to do
so since it should be using the sanme binding SID as the existing
candidate path. This results in a collision, rendering the new path
ineligible, and may al so violate protocol constraints that prohibit
such configurations.

Therefore, it is RECOWENDED that |ocal optimzation be performed by
updating the SID list of the existing candidate path, rather than
i ntroduci ng new candi dat e pat hs.

Appendi x B provi des exanpl es of l|ocal optimzation
6.2. dobal optimzation

Q@ obal optimzation of a DAG requires coordi nated updates across al
participating Junction Nodes. This process follows a nake-before-
break nodel, where a new version of the DAG is depl oyed al ongside the
exi sting one. The ingress SR Policy (or policies) is the |ast

el ement to be updated

Since the Color field of an SR Policy indicates DAG nenbership, and
is managed by the controller, global optinization with nake-before-
break consi derations necessitates depl oyi ng new Junction segnents.
This, in turn, requires the instantiation of new SR Policies with
uni que Col or values. These new SR Policies are deployed to al
Junction Nodes participating in the updated DAG i nstance and MJST be
associated with distinct Binding SID values fromthose of the

exi sting instance.

To minimze version churn and both col or and | abel consunption, it is
RECOMVENDED t hat controllers Iimt the nunmber of concurrently

depl oyed DAG i nstances for the same tunnel. Under normal conditions,
only a single active DAG version should exist. During transitions,
at nost two versions (the current and the new one) should be present.
Col or and | abel values nmay be reused once globally rel eased.
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The Binding SID associated with a DAG i nstance MJST renai n constant
during local optinzations, but MJIST change during gl oba
optimzations to avoid the risk of routing | oops. Therefore, in the
exanpl e above, if a Junction Node is participating in DAG #1, version
#1 continues to use one binding SID value and version #2 is using a
di stinct binding SID value on each Junction node.

Once all Junction segments are deployed to all Junction nodes, the
i ngress node is updated with new SID |lists referencing the Binding
SI Ds of the new Junction segnents downstream

The Color field on ingress nodes is critical for traffic steering and
therefore MJUST remain constant during global optinizations. In
contrast, Color values used on Junction Nodes MAY be reused or
encoded to refl ect DAG menbership or instance mappings. Sinmilarly,
the binding SID on the ingress SR Policy al so remains constant.

The controller tracks the Col or values and their correspondi ng usage
for DAG I D and version. For exanpl e:

*  Col or value 500 DAG #1 Version #1
*  Col or value 501 DAG #2 Version #1
* Col or value 502 DAG #1 Version #2

VWhen perform ng gl obal changes, controllers SHOULD ensure that all
Junction Nodes are nodified in a coordinated and consi stent nanner
before activating the new DAG on the ingress. |f the update process
fails partially, the controller SHOULD roll back the new depl oynent
and retain the existing stable DAG version and its Junction Segments
to avoid inconsistencies in forwarding behavior.

Appendi x C provi des an exanple of global optim zation

Manageabi |l ity Consi derations
1. Control of Function through Configuration and Policy
Thi s docunent describes using the existing SR Policy construct with a
col or value representing the DAG M D and version. Since SR Policy
color value is originally intended for ingress traffic steering on

mat ched routers, a depl oynent MJUST all ocate a col or range which will
be used for MPTE tunnels.
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7.2. Information and Data Mddels, e.g., MB nodul es
TCDO
7.3. Liveness Detection and Monitoring

Li veness detection for an MPTE SR depl oyment has two scopes: the
underlying I P links and the DAG tunnel itself.

7.3.1. Topol ogy

Seamnl ess BFD (S-BFD) [ RFC7880] is RECOVMENDED on each IP link to
quickly detect link failures in the underlying topology. When a link
goes down, any tunnel S-BFD session that traverses the link will also
fail (see the next section). The controller tracks |IGP topol ogy
changes and takes corrective action when necessary.

7.3.2. DAG Tunne

Li veness detection of the DAG tunnel must verify end-to-end
forwardi ng across all Junction Nodes and the wei ghted forwarding
performed by each Junction Segnent.

A single S-BFD session fromthe ingress headend to the DAG
endpoi nt(s) foll ows one hashed path through the DAG It cannot
verify that every egress SID list on every Junction Node is
functi onal

Therefore, it is RECOWENDED that each egress SID list of each
Junction Segnment run its own S-BFD session to the next downstream
node. On session failure:

* The affected SIDIist is marked inactive and renpved fromthe
wei ght ed ECVP set .

* |f a Junction Segnment has no active egress SID lists remaining,
the Junction Segnment becones inactive, which in turn fails any
upstream S-BFD sessions that use it.

This per-Junction, per-SID-|list approach nonitors every forwardi ng
segnent of the DAG i ndependent!|y of hashing.

As a result, an egress node may receive many S-BFD packets, one per
SID list, per Junction Node, per DAG
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7.4. Verifying Correct Operation

This section discusses OAM for SR-MPLS ([ RFC8287]). Applicability to
SRv6 ([ RFC9259]) is to be covered in a future revision

As with S-BFD in Section 10.3.2, a single OAM probe fromthe ingress

follows only one hashed path through the DAG and does not exercise

every egress SID list on every Junction Node.

A controller can collect ping and traceroute results on a per-

Junction, per-SID-list basis and aggregate theminto a holistic view

of the DAG. Each probe targets the path encoded in that SID |ist,

term nating at the next downstream Junction Node or DAG egress hode,

so that every forwarding segment is verified i ndependently of

upstream hashing. The controller may request results on-demand or

receive themperiodically. The frequency in which to run CAM i s

depl oynent specific.

Because these tests run independently and not necessarily at the sane

instant, the aggregated view may contain timng skew between

i ndi vi dual neasurenments. Miltiple sanples per test are RECOMVENDED.
7.5. Requirements on Ot her Protocols and Functional Conponents

There are currently no new requirements on other protocols or
functional conponents.

7.6. Inpact on Network QOperation
TODO

8. Security Considerations
TODO

9. | ANA Consi derations
None at this tine

10. References

10.1. Normmtive References
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Figure 2 : Exanple Topology to apply DAG

Figure 2 above presents a sanple topology for one ingress and one
egress MPTE Tunnel established as an SR Policy. The MPTE tunnel is
fromAto H The figure presents the bi-directional Iink weights for
an arbitrary metric (1G, TE, Delay etc).

Note there is a nmesh between C, D, F and G of weight 5 per link.
Pruned represents an excluded link due to TE constraints (for
exanmpl e, such as insufficient bandwidth). 1In the below the

term nology {U,V} represents a unidirectional |ink between U and V.
The term nol ogy Adj-SID XY represents an adjacency SID fromXto Y.
Node- SI D- X represents the node SID path to X

An MPTE DAG is conputed to contain nodes B,C,D,E,F,Gwith the |inks
{GF} I {F,G pruned.

The bel ow Juncti on Segnents are deployed to the network realized with
an SR Policy with a single Candidate Path containing nultiple segnment
lists. Note the follow ng:

* \When the DAG is conputed, |oops cannot exist. Therefore, in the

above topology the links in direction {C B} and {C, D} and {C, F}
and {C, G are chosen in the DAG
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St one,

The path along {B,E, H can be represented by a single Node SID. A
Junction on node E is not required. Junction Segment B may al so
be omtted (as described in Section 5.3) but is utilized here for
exanpl e purposes.

Junction F is described below, but an optim zation could be
performed to exclude Junction F as it only has one egress link
(see Section 5.3).

In practice the Binding Segnents MAY all be the same value. This
exanpl e describes different BSID values for readability.

Wi ghts of each egress SIDlist is also currently onitted.
The color on the ingress SR Policy still provides intent steering
for ingress traffic, therefore SHOULD be unique to the col or val ue

of the Junction segnents conprising the DAGto permt global nake-
bef or e- br eak behavi or.
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Junction Segnent B:
Col or: 100
BSID: BSID-B
SID List 1: [ Node-SIDH

Junction Segnent F:
Col or: 100
BSID: BSIDF
SID List 1: [Adj-SID FH

Junction Segnent G
Col or: 100
BSID: BSID G
SID List 1: [Adj-SID GH

Junction Segnent C
Col or: 100
BSID: BSIDC
SID List 1: [Adj-SID CB, BSID B]
SID List 2: [Adj-SID CF, BSIDF]
SID List 3: [Adj-SID-CG BSIDQ
SID List 4: [Node-SID-D, BSID D

Junction Segnent D
Col or: 100
BSID: BSID-D
SID List 1: [Adj-SID DF, BSID F]
SID List 2: [Adj-SID-DG BSID QG

Then lastly, at ingress the SR Policy transport tunnel is configured with the follow ng:

Ingress SR Policy (Using Junction Segments):
Col or: 50
Candi date Path 1:
SID List 1: [Adj-SID AB, BSID B]
SID List 2: [Adj-SID AC, BSID (]
SID List 3: [Adj-SID AD, BSID D

In conparison, if the above DAG was encoded at ingress then the
foll owi ng individual segnent |ists could be used to represent the
above DAG Note, sonme of the bel ow could be conpressed with a Node
SID(s) but listed with adjacency for explicit exanple.
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Ingress SR Policy (Ingress only):

Col or: 50

Candi date Path 1:
SID List 1: [Adj-SID-AC, Adj-SID CF, Adj-SID FH
SID List 2: [Adj-SID-AC, Node-SID-D, Adj-SID DG Adj-SID GH
SID List 3: [Adj-SID-AC, Node-SID-D, Adj-SID DF, Adj-SID FH|
SID List 4: [Adj-SID-AC, Adj-SIDCF, Adj-SID CG Adj-SID GH
SID List 5: [Adj-SID-AC, Adj-SID CF, Adj-SID BE, Adj-SID EH
SID List 6: [Adj-SID AB, Node-SID H
SID List 7: [Adj-SID-AD, Adj-SID DG Adj-SlID CGH
SID List 8 [Adj-SIDAD, Adj-SID DF, Adj-SID FH

Appendi x B. Local Optimzation Exanple

The foll owi ng exanpl es use the topol ogy and Juncti on Segnents from
the worked exanpl e in Appendi x A

Example 1 Sinple SID list update

* The Junction Segnent B is updated. The SID list [Node-SID-H is
replaced with SID List [Adj-SID BE, Adj-SID EH|

Exanmpl e 2 Chained Local Optimzation

* The ingress SR Policy SIDIlist is updated to renove { SID List 1:
[Adj-SID-AB, BSID-B] }. Only SIDList 2 and SID List 3 remain in
the SR Policy candidate path

* The Junction Segnent B is no |onger used.

* A delete is sent to renove Junction Segnment B

Appendi x C. d obal Optim zation Exanple
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Figure 3 : d obal MBB Exanpl e Topol ogy
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*Step 0 - Initial State*

Figure 3 gives an exanpl e topol ogy containing a DAG which is to
undergo optim zation. Node Z is the ingress Node with an SR Policy
col or 1000 representing a service intent. Node Wis the egress node.
Col or 2000 is the DAG M D and version tracked by the controller. In
the existing state of the DAG traffic flows fromwest to east, and
north to south on nodes Y and X. The diagonal |ink between Y and U
is currently not used.

Junction Segnment VY1:
Col or: 2000
BSI D. BSID Y1l
SID List 1: [Adj-SID YX BSID X1]
SID List 2: [Adj-SID YV, Adj-SID W]

Junction Segnment X1:
Col or: 2000
BSI D. BSI D X1
SID List 1: [Ad]-SID XW
SID List 2: [Adj-SID XU, Adj-SID uwW

I ngress SR Policy:
Col or: 1000
Candi date Path 1:
SID List 1: [Adj-SID ZY, BSID Y1]
SID List 2: [Adj-SID 2V, Adj-SID W, Adj-SIDuW

*Step 1 - Depl oy new Junction Segnents*

An optim zation cal culation occurs requiring the DAG to change, the
traffic will now flow fromsouth to north instead of north to south,
and the diagonal |ink between Y and U will be used.

The controller assigns and tracks col or 2001 for the new DAG The
foll owi ng new Junction segnents are deployed in the follow ng order.
The BSID val ues are either assigned by the controller, or requested
by the node depending on the protocol in use. Note that after this
depl oynent node Y has two Junction segnents installed on it, both of
whi ch are acti ve.
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CREATE Junction Segrment U2:
Col or: 2001
BSI D. BSI D U2
SID List 1: [Adj-SID UX, ADJ-SID XW
SID List 2: [Ad]j-SID uW

CREATE Junction Segnent Y2:
Col or: 2001
BSI D: BSID Y2
SID List 1: [Adj-SID YX ADJ-SID XW
SID List 2: [Adj-SID YU, BSID U2]

CREATE Junction Segnent V2:
Col or: 2001
BSI D: BSI D V2
SID List 1: [Ad]j-SID VY, BSID Y2]
SID List 2: [Adj-SID VU, BSID U2]

*Step 2 - Update ingress nodes*

The existing SR Policy candidate path is updated to use the new DAG
Note, the color and any associ ated binding SID val ues renain.

UPDATE | ngress SR Poli cy:
Col or: 1000
Candi date Path 1:
SID List 1: [Adj-SID zY, BSID Y2]
SID List 2: [Adj-SID 2V, BSID V2]

*Step 3 - Delete the no | onger used Junction segnents*
DELETE Junction Segment Y1:
Col or: 2000
BSI D. BSID Y1l
DELETE Junction Segnent X1:
Col or: 2000
BSI D. BSI D X1
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