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Abst ract

Thi s docunent defines a YANG data nodel for representing an
abstracted view of a network topol ogy that contains Internediate
Systemto Internediate System (1S-1S). This docunent augnents the
"ietf-network’ and 'ietf-network-topology’ data nodels by adding IS
I'S concepts and expl ai ns how t he data nodel can be used to represent
the I1S-1S topol ogy.

The YANG data nodel defined in this docunent conforns to the Network
Management Datastore Architecture (NVDA).
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This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.
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I ntroduction

Net wor k operators performthe capacity planning for their networks
and run regular what-if scenarios anal ysis based on representations
of the real network. Those what-if analysis and capacity planning
processes require, anong other information, a topol ogical view
(domai ns, nodes, links, network interconnection) of the depl oyed
net wor k.

Thi s docunent defines a YANG data nodel representing an abstracted
vi ew of a network topol ogy containing Intermedi ate Systemto
Internediate System (1S-1S). It covers the topol ogy of |P/ MPLS
networks running IS-1S as Interior Gateway Protocol (IGP) protocol
The proposed YANG nodel augnents the "A YANG Data Mddel for Network
Topol ogi es" [ RFC8345] and "A YANG Data Mddel for Layer 3 Topol ogi es"
[ RFC8346] by adding I1S-1S concepts. It is worth to highlight that
the Yang nodel can al so be used together with [RFC8795] and
[I-D.draft-ietf-teas-yang-|13-te-topo] when Traffic engi neering
characteristics are required in the topol ogical view

Thi s YANG data nodel can be used to export the IS-IS related topol ogy
directly froma network controller to Operation Support System (OSS)
tools or to a higher level controller.

Note that the YANG nodel is in this docunent strictly adheres to the
concepts (and the YANG nodule) in "A YANG Data Model for Network
Topol ogi es" [ RFC8345] and "A YANG Data Model for Layer 3 Topol ogi es"
[ RFC8346]. While working on SI MAP requirenents
[I-D.draft-ietf-nnmop-si map-concept] and investigating the 1S-1S
topol ogy, some limtations have been di scovered in [ RFC8345],
regardi ng how the topol ogy can be represented. Those limtations
(and potential inprovenents) are covered in
[1-D.draft-havel - nnop- si map- yang] .

Thi s docunent expl ains the scope and purpose of the I1S-1S topol ogy
model and how the topol ogy and service nodels fit together. The YANG
data nodel defined in this docunment confornms to the Network
Managenent Datastore Architecture [ RFC8342].

.1. Terninol ogy and Not ations



Thi s docunment assunes that the reader is famliar with IS-1S and the
contents of [RFC8345]. The docunent uses terns fromthose docunents.

The term nol ogy for describing YANG data nodels is found in
[ RFC7950], [RFC8795] and [ RFC8346].

The terms SI MAP, SI MAP nodel ling, SIMAP data, topology, nulti-layered
t opol ogy and topol ogy | ayer are specified in
[I-D.draft-ietf-nnop-si map-concept].

1.2. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in

[ RFC2119], [RFC8174] when, and only when, they appear in all
capitals, as shown here

1.3. Tree Diagram
Authors include a sinplified graphical representation of the data
nodel specified in Section 5 of this docunent. The meaning of the
synbols in these diagranms is defined in [ RFC8340].

1.4. Prefix in Data Node Nanes
In this docunment, nanes of data nodes and other data nodel objects

are prefixed using the standard prefix associated with the
correspondi ng YANG i nported nmodul es, as shown in the follow ng table.

B oo s sy ety
| Prefix | Yang Mddul e | Reference

=t - ——————————{———————————+
| isisnt | ietf-13-isis-topology | RFCXXX |
I I T R R I +
| yang | ietf-yang-types | [ RFC6991]

+---- - - - B i e F--- - - - +

Table 1. Prefixes and correspondi ng YANG
nmodul es

RFC Editor Note: Please replace XXXX with the RFC nunber assigned to
this docunent. Please renpve this note.

2. Use Cases

This information is required in the | P/MPLS pl anni ng process to
properly assess the required network resources to neet the traffic
demands in normal and failure scenarios. Network operators perform
the capacity planning for their networks and run regular what-if
scenari os anal ysis based on representations of the real network.
Those what-if analysis and capacity planning processes require, anong
other information, a topological view (domains, nodes, |inks, network
i nterconnection) of the depl oyed network.

The standardi zation of an abstracted view of the 1S-1S topol ogy nodel
as NorthBound Interface (NBI) of Software Defined Networking (SDN)
controllers allows the unified query of the I1S-1S topology in order
to inject this information into third party tools covering
speci al i zed cases.

The 1S-1S topol ogi cal nbdel should export enough IS-IS information to
permt these tools to sinmulate the IP routing. By nmapping the
traffic demand, ideally at the IP flow level, to the topol ogy, we can
simulate the traffic growh, evaluating this way its effect on the
routing and quality of service. That is, sinulating how IP-Ieve
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traffic demands woul d be forwarded, after IS 1S convergence is
reached, and fromthere estinmating, using appropriate nathenmatica
nodel s, related KPIs |ike the occupation in the |links or end-to-end
| at enci es.

In sunmary, the network-wi de view of the IS-1S topol ogy enabl es
mul ti pl e use cases:

* Network design: verifying that the actual deployed |IS-1S network
conforns to the planned design.

* Capacity planning. Dinmensioning or redesign of the IP
infrastructure to satisfy target KPlI netrics under existing or
forecasted traffic demands.

* What-if analysis. Estimation of the network KPls in nodified
network situations. For instance, failure situations, traffic
anomal y situations, addition or deletion of new adjacencies, |GP
wei ght reconfigurations, etc.

* Failure analysis. Systematic and massive test of the network
under multiple sinulated failure situations, evaluating the
network fault tolerance properties, and using nathenmatical nodels
to derive statistical network availability metrics.

.1. Relationship with the IS-1S YANG Mode

[ RFC9130] specifies a YANG data nodel that can be used to configure
and manage the 1S-1S protocol on network elenments. This data node
covers the configuration of an I S-1S routing protocol instance, as
well as the retrieval of 1S-1S operational states. [RFC9130] is
still expected to be used for individual network el enents
configuration and nonitoring. On the other hand, the proposed YANG
nmodel in this docunment covers the abstracted view of the entire
network topol ogy containing 1S-1S. As such, this nodel is ainmed at
bei ng availabl e via the NBI of an SDN controller.

2. Relationship with SI VAP

As described in [I-D.draft-ietf-nnop-si map-concept], SIMAP is the
data nodel that provides a view of the operator’s network and
services and specifically provides an approach to nodel nulti-Ilayered
topol ogy and an appropriate nmechanismto navigate anongst | ayers and
correl ate between them SIMAP defines the core topological entities,
their roles within the network, essential properties, and

rel ati onshi ps—both wi thin individual |ayers and across multiple
layers. It serves as a foundational topological nodel that |inks and
i ntegrates other nodels, including those for configuration,

mai nt enance, assurance (e.g., KPls, status, health, synptons),
traffic engineering (TE), behavioral nodeling, sinulation, erulation,
mat hemat i cal abstractions, and Al al gorithns.

Wthin SIMAP, the IGP topology (in this case, IS-1S) is just one of
the layers of the multi-layered topol ogy, for specific user (the
networ k operator in charge of the 1G) for specific | GP use cases as
descri bed before. Al the use cases and requirenents specified in
[I-D.draft-ietf-nnmop-si map-concept] are also applicable to IS-IS
topol ogy as wel | .

[1-D. draft-havel - nnop-si map-yang] specifies what requirements are
supported by RFC8345, identifies the gaps and proposes the sol utions

for these gaps. This will have inpact on IS 1S topol ogy nodel ling
and will provide the nmechanismto nodel | GP areas as networks, have
rel ati on between AS and areas, have bidirectional links, etc.

Use of | ETF-Topol ogy for Representing an | P/ MPLS network domain



| P/ MPLS networks can contain nmultiple domain | GP domains. W can
define an I G° domain as the collection of nodes and |inks that
participate in the same | GP process. The topology information of a
domai n can be structured according to ietf-network-topol ogy data
model [RFCB345]. For exanple, if BGP-LS [ RFC9552] is used to collect
the information, the nodes and links that are announced with the same
conbi nation of AS nunber / domain ID are considered to belong to the
sane domai n.

If a node and/or |ayer termination point participates in nore than
one 1GP, it will be present in multiple | G domain networks. As the
basi ¢ conmponents, node/links/termnation points [ RFC8345], it is
therefore possible to joint the different different | GP topol ogies
from SI MAP nodeling point of view The ietf-network instance MJST
include the following properties to indicate it is a domain running
an | GP instance:

A network-id that uniquely identifies such domain in the network.

The "network-types" property should include the |3t:|3-unicast-
topology, to indicate it is a network in which the nodes are capabl e
of forwardi ng uni cast packet. Also, this draft proposed to add a new
property, "isis-topology", to indicate the topol ogy being represented
is running the 1S-1S |1 GP process.

Al so, should the topology include information such as bandw dth,
delay information or color, it nust include the "YANG Data Mdel for
Traffic Engi neering" [RFC8795] te-topology YANG data nodel. To

i ncl ude del ay and bandwdi th performance neasurenments , a donain

i nstance MJUST include tet-pkt:te-packet under the network-types
property. The supporting-network property can include the network-id
of a base layer-3 network which can include all nodes/links of all
the domains of the network. The node property should include the
list of nodes as described bel ow. The ietf-network-topology:!link
MUST be present, with one link per each |IP adjacency (one link for
each direction of the adjancency).

YANG Data Model for 1S-1S Topol ogy

The abstract (base) network data nodel is defined in the "ietf-

net wor k" and "ietf-network-topol ogy" nodul es of [RFC8345]. The L3
topol ogy modul e is defined in the "ietf-I3-unicast-topol ogy" nodul e
of [RFC8346]. The ietf-13-isis-topology builds on the data nodel s
defined in [ RFC8345] and [ RFC8346], augnenting the nodes with IS 1S
i nformation.

There is a set of paraneters and augnentations that are included at
the node | evel. Each paraneter and description are detailed
fol | owi ng:

* Network-types: Its presence identifies the 1S-1S topol ogy type.
Thus, the network type MJST be isis-topol ogy.

* |SIStinmer attributes: ldentifies the node tiner attributes
configured in the network element. They are LSP lifetinme and the
LSP refresh interval

* |S- 1S status: contains the IS 1S status attributes (level, area-
address and nei ghbours).

The following figure is based on the Figure 1 from [ RFC8346], where
t he exanpl e-ospf-topology is replaced with ietf-I3-isis-topol ogy and
where arrows show how t he nodul es augnent each ot her.
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Figure 1: 1S 1S Topol ogy nodul e structure

There is a set of paraneters and augnentations that are included at
the network | evel

* Network-types: Its presence identifies the I1S-1S topol ogy type.
Thus, the network type MJST be isis-topol ogy.

There is a set of paraneters and augnentations that are included at
the node | evel. Each paraneter and description are detailed
fol | owi ng:

* |S-1S node core attributes: contains the IS-1S core attributes
(systemid, |evel, area-address).

* |S-IStinmer attributes: ldentifies the node tinmer attributes
configured in the network element. They are LSP lifetime and the
LSP refresh interval

There is a set of paraneters and augnentations that are included at

the link I evel. Each paraneter and description are detailed
fol |l owi ng:
* |S-1Slink level. The level nust be the sane as the term nation

points at each end for Level 1 and Level 2 interfaces. There may
be 2 links between the Level1-2 IS IS interfaces, one for Level 1
adj acency and one for Level 2 adjacency.

* 1S 1Slink nmetric. Added on top of nmetricl and nmetric2 of the | 3-
link-attributes

There is a set of paraneters and augnentations are included at the
term nation point level. Each paranmeter is listed as follows:

* |Interface-type: point-to point or broadcast

* Level. The level nust be the same as for the node, except when
node is Level 1-2 and the interfaces can only be Level 1 or Level
2

* Passive npde

RFC8345 Limtations for the IS-1S Mdeling
There are sone lintations in the [RFC8345] that are explained in
nmore detail in [I-D. draft-havel - nnop-si map-yang]. The current

version of the ietf-13-isis-topology nodule is based on the current
versi on of [RFC8345]. The following will be addressed when [ RFC38345]



is extended to support the identified limtations:
* Both IS- 1S domain and | S-1S areas coul d be nodel |l ed as networks
* The 1S-1S Areas will be connected via IS IS links
* 1S 1S nodes could belong to nultiple 1S-1S networks
6. IS 1S Topol ogy Tree Di agram

Fi gure 2 bel ow shows the tree diagram of the YANG data nodel defined
in nmodul e ietf-13-isis-topol ogy.yang (Figure 3).

nmodul e: ietf-13-isis-topol ogy

augment / nw net wor ks/ nw. net wor k/ nw. net wor k-t ypes:
+--rw isis-topol ogy!

augrment / nw net wor ks/ nw: net wor k/ nw: node/ | 3t: 1 3-node-attri butes:
+--rw isis-node-attributes

+--rw systemi d? ietf-isis:systemid
+--rw |l evel ? ietf-isis:leve

+--rw ar ea- addr ess* ietf-isis:area-address
+--rw lsp-lifetime? ui nt 16

+--rw |l sp-refresh-interval ? uint16
augrment /nw networ ks/ nw. network/nt:link/13t:13-1ink-attributes:
+--rwisis-link-attributes
+--rw nmetric? ui nt 32
+--rw level ? ietf-isis:leve
augrment / nw net wor ks/ nw:. net wor k/ nw. node/ nt:term nation-point/l3t:13-term nation-point-a
ttributes:
+--rwisis-termnation-point-attributes

+--rwinterface-type? ietf-isis:interface-type
+--rw | evel ? ietf-isis:leve
+--rw i s-passive? bool ean

Figure 2: IS-1S Topol ogy tree di agram
7. YANG Model for IS-1S topol ogy

This modul e inports types from [ RFC8343] and [ RFC8345]. Fol | owi ng
the YANG nodel is presented.

<CODE BEG@ NS> file "ietf-13-isis-topol ogy@023-10-23. yang"
nmodul e ietf-13-isis-topology {
yang-version 1.1;
namespace
"urn:ietf:parans: xm :ns:yang:ietf-I3-isis-topol ogy";
prefix "isisnt";

inmport ietf-network {
prefix "nw';
ref erence
"RFC 8345: A YANG Data Model for Network Topol ogi es";
}

i mport ietf-network-topology {
prefix "nt";
ref erence
"RFC 8345: A YANG Data Model for Network Topol ogi es";
}

inmport ietf-I|3-unicast-topology {
prefix "13t";
ref erence
"RFC 8346: A YANG Data Model for Layer 3 Topol ogies";



inmport ietf-isis {
prefix "ietf-isis";
ref erence
"RFC 9130: YANG Data Mbdel for the IS-1S Protocol s";

organi zati on

"I ETF NMOP ( Net wor k Managenent Operations) Wrking G oup";
cont act

"WG Web: <https://datatracker.ietf.org/wy/ opsawg/ >

W5 List: <milto: opsawg@etf. org>

Edi t or: Cscar Conzal ez de Dios

<mai | t 0: oscar. gonzal ezdedi os@ el ef oni ca. conp
Edi t or: Sami er Bar gui

<mai | t 0o: sani er. bargui |l _gi ral do@oki a. conr
Edi t or: Vi ctor Lopez

<mai | to:victor.| opez@oki a. conp
Edi t or: Benoit C ai se

<mmi | t o: benoi t. cl ai se@uwaei . con>";

description

"This nodul e defines a nodel for Layer 3 1SIS
t opol ogi es.

Copyright (c) 2022 | ETF Trust and the persons identified as
authors of the code. Al rights reserved.

Redi stribution and use in source and binary forns, with or

wi t hout nodification, is permtted pursuant to, and subject to
the license terns contained in, the Revised BSD License set
forth in Section 4.c of the | ETF Trust’'s Legal Provisions

Rel ating to | ETF Documents
(https://trustee.ietf.org/license-info).

This version of this YANG nodule is part of RFC XXXX
(https://www. rfc-editor.org/info/rfcXXXX); see the RFC itself
for full legal notices.";

revision 2022-09-21 {
description
"Initial version";
ref erence
"RFC XXXX: A YANG Data Model for Internediate Systemto
Internediate System (1SI'S) Topol ogy";
}

groupi ng isis-topol ogy-type {
description "ldentifies the topology type to be 1SIS. ";
contai ner isis-topology {
presence "indicates | SIS topol ogy";
description
"The presence of the container node indicates I1SIS
t opol ogy";

}

grouping isis-link-attributes {
description "Defines the 1S-1S link attributes.";
container isis-link-attributes {
description
"Main Container to identify the ISIS Link Attributes”;
| eaf metric {
type uint32 {
range "0 .. 16777215",



description
"This type defines wide style format of IS IS netric.";

| eaf level {

type ietf-isis:level;

description
"Level of an IS-1S node - can be |evel -1,
level -2 or level-all.";

}
}
}

groupi ng isis-node-attributes {
description "IS-1S node scope attributes";
container isis-node-attributes {
description
"Main Container to identify the SIS Node Attributes”;
| eaf systemid {
type ietf-isis:systemid,;
description
"Systemid of the node.";

| eaf level {
type ietf-isis:level;
description
"Level of an IS-1S node - can be |evel -1,
level -2 or level-all.";

| eaf-1ist area-address {
type ietf-isis:area-address;
description
"Li st of areas supported by the protocol instance.";

| eaf Isp-lifetine {
type uint16 {
range "1..65535";
}
units "seconds";
description
"Lifetinme of the router’s LSPs in seconds.";

| eaf Isp-refresh-interval ({
type uintl1l6 {
range "1..65535";
}
units "seconds";
description
"Refresh interval of the router’s LSPs in seconds.";

}

grouping isis-ternmination-point-attributes {
description "IS-1S term nation point scope attributes”;
container isis-termnation-point-attributes {
description
"Indicates the termination point fromthe
which the IS-I1Sis configured. A termnation
poi nt can be a physical port, an interface, etc.";

| eaf interface-type {
type ietf-isis:interface-type;
description
"Type of adjacency (broadcast or point-to-point) to be established
for the interface.



This dictates the type of hello nessages that are used.”;

}

| eaf level {
type ietf-isis:level;
description
"Level of an IS-IS node - can be |evel -1,
level -2 or level-all.";

}

| eaf is-passive{
type bool ean;
description
"Indi cates whether the interface is in passive node (IS 1S
not running but network is advertised).";
}
}
}

augnent "/ nw networ ks/ nw. net wor k/ nw. net wor k-t ypes" {
description
"Introduces new network type for L3 Unicast topol ogy";
uses i sis-topol ogy-type;

}

augnment "/ nw networ ks/ nw. net wor k/ nw. node/ | 3t: | 3-node-attributes" {
when "/ nw: net wor ks/ nw. net wor k/ nw. net wor k-types/isisnt:isis-topol ogy"
description
"Augnent ati on parameters apply only for networks with
i sis topol ogy";
}
description
"Augnments L3 topol ogy node attributes for IS-1S";
uses i sis-node-attributes;

}

augrment "/ nw networ ks/ nw. network/nt:1ink/I3t:13-link-attributes” {
when "/ nw net wor ks/ nw. net wor k/ nw. net wor k-t ypes/isisnt:isis-topol ogy"
description
"Augnent ati on paranmeters apply only for networks with
I S-1S topol ogy";
}
description
"Augnments L3 topology link attributes for IS-1S";
uses isis-link-attributes;

}

augrment "/ nw networ ks/ nw. net wor k/ nw; node/ nt:termnation-point"+
"/13t:13-term nation-point-attributes" {
when "/ nw net wor ks/ nw. net wor k/ nw. net wor k-t ypes/i sisnt:isis-topol ogy"
description
"Augnent ati on parameters apply only for networks with
IS-1S topol ogy”;
}
description
"Augnments L3 topology termination point attributes for 1S1S";
uses isis-term nation-point-attributes;

}
}
<CODE ENDS>

Figure 3: IS 1S Topol ogy YANG nodul e

Security Considerations
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The YANG nodul e specified in this docunent defines a schema for data
that is designed to be accessed via network nmanagenent protocols such
as NETCONF {! RFC6241}} or RESTCONF [ RFC3040]. The | owest NETCONF

|l ayer is the secure transport |ayer, and the mandatory-to-inpl ement
secure transport is Secure Shell (SSH) [RFC6242]. The | owest
RESTCONF | ayer is HITPS, and the mandatory-to-inpl ement secure
transport is TLS [ RFC8446].

The Network Configuration Access Control Mdel (NACM [RFC8341]

provi des the means to restrict access for particular NETCONF or
RESTCONF users to a preconfigured subset of all avail abl e NETCONF or
RESTCONF protocol operations and content.

There are a nunber of data nodes defined in this YANG nodule that are
witable/creatable/deletable (i.e., config true, which is the
default). These data nodes may be considered sensitive or vul nerable
in some network environnents. Wite operations (e.g., edit-config)
to these data nodes w thout proper protection can have a negative

ef fect on network operations.

| ANA Consi der ati ons

Thi s docunent registers the foll owing nanespace URIs in the | ETF XM
registry [ RFC3688]:

URI: urn:ietf:parans:xm:ns:yang:ietf-13-isis-topol ogy
Regi strant Contact: The | ESG
XM.: N A, the requested URI is an XM. nanespace

Thi s docunent registers the foll owing YANG nodule in the YANG Mdul e
Nanes registry [ RFC6020]:

name: ietf-13-isis-topol ogy

nanespace: urn:ietf:parans: xm:ns:yang:ietf-|3-isis-topol ogy
mai ntai ned by | ANA: N

prefix: ietf-13-isis-topol ogy

ref erence: RFC XXXX
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Appendi x A. I nplenentation Status
Note to the RFC-Editor: Please renove this section before publishing.
A.1. Inplenentation Status in Tel efonica G oup

The Yang based topol ogy nodel proposed in this draft is being used
today in one of the Tel efonica operations to export the Milti-vendor

| P/ MPLS topol ogy based on nultiple 1S-1S domains to several Operation
Support Systemtools for visualization, capacity planning and
simulation. A conmercial controller has inplenmented the exposure of
the information. It is one of the building blocks to expose the
network capabilities, together with other nodels which cover the

i nventory and service provisioning in a vendor-agnostic fashion.

A 2. S| MAP Hackat hon Status

SIMAP PoC with a real |ab has been built, based on nulti-vendor
devices, with [ RFC8345] as the base YANG nodul e for the topol ogy
bui |l di ng bl ocks. This Hackat hon successfully nodelled IS-1S routing
(anbng ot her technol ogies and | ayers), but it needs to be further
aligned with the | atest devel opnents in this draft and in

[1-D. draft-havel - nnop-si map-yang] .

A.3. Inplenmentation Status in E-lighthouse Network Sol utions

E-1i ght house Network Sol utions (https://e-Iighthouse.conl)

i npl ementation is consunmng the IS-1S network topol ogy infornmation
exported by a comercial controller, using the Yang nodel proposed in
this draft. It is able to sinulate the network behavior under

di fferent changes, covering the what-if, failure analysis,

di mensi oni ng and ot her use cases nentioned in this draft.
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