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Abst ract

Thi s document defines a YANG data nodel for Service & Infrastructure
Maps (SIMAP). It extends the RFC8345 YANG nodul es to support all

SI MAP requirements. This docunent will only focus on nodelling
proposal for each of the requirenments not supported by RFC8345. Any
rel ated term nol ogy, concepts, use cases and requirenments are defined
outside of this draft and this draft will only refer to them analyze
how to nodel and propose the inpl enentation sol utions.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working documents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents 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 num of six nonths
and may 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 23 April 2026.

Copyri ght Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction

[1-D.ietf-nnop-simp-concept] defines Service & Infrastructure Mps
(SIMAP) as a data nodel that provides a view of the operator’s

net wor ks and services, including how it is connected to other nodels/
data (e.g., inventory, observability sources, and operationa

know edge). It specifically provides an approach to nodel nulti-

| ayered topol ogy and an appropriate nmechani smto navi gate anobngst
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| ayers and correlate between them This includes |layers from

physi cal topol ogy to service topology. This nodel is applicable to
mul ti pl e dormai ns (access, core, data center, etc.) and technol ogi es
(Optical, IP, etc.)

[1-D.ietf-nnmop-simap-concept] defines the requirenents for SI MAP
based on the Qperator use cases. Sone of the non-functiona

requi renents should be supported by the protocols (NETCONF [ RFC6241],
RESTCONF [ RFC8040] or other), by Network Configuration Access Control
Model [RFC8431] and other current drafts in NETCONF Wa  Sone of the
Qperators’ requirements are already supported by the [ RFC8345] ietf-
network and ietf-network-topol ogy YANG nodul es. Sone of the
Qperators’ requirenments identified the gaps in the ietf-network and

i etf-network-topol ogy YANG nodul es. This docunent proposes the
solution how to inplenment these gaps.

2. Term nol ogy

Term nol ogy for SIMAP, SIMAP nodel ling, SIMAP data, topol ogy,
topol ogy layer, nulti-layered topology is defined in [ RFC8345]

3. Wiy RFC8345 is a Good Approach for SIMAP Model ling
The primary reason for selecting RFC 8345 as the nodeling franework
is its sinplicity and its ability to partially support the najority
of core requirements
RFC 8345 defines an abstract, generic, and foundational nodel for
representing network and service topologies. It offers a
strai ghtforward mechani sm for nodeling networks and services as
| ayered topol ogies, using four core entity types at each | ayer
networ k, node, link, and term nation point. The nodel supports
common rel ationships within the sanme |ayer, as well as underl ay/
overlay rel ationshi ps across | ayers.
The followi ng relationships are defined by RFC 8345:
* Rel ationshi ps inside each | ayer are:
- contains (cardinality 1:0..n)
0 a network contains nodes
0 a network contains |inks

0 a node contains termnation points

- source (cardinality: 1:0..1)
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*

0o a link has one source term nation point
- destination (1:0..1)
0 a link has one destination term nation point

Rel ati onshi ps between | ayers, where underlay nodes, |inks and
term nation points nust match underlay network

- supporting for underlay (cardinality 0.. :0.. )
0 a network has supporting networks
0 a node has supporting nodes
0 a link has supporting |inks

0 a termination point has supporting term nation points

Pl ease note the following characteristics of the RFC 8345 topol ogy
nodel :

*

Havel ,

Network type is used to identify the |ayer; sub-layers are not
support ed.

Instantiation is flexible: a single network instance may represent
one or multiple layers.

The core entities — network, node, termnation point, and |ink —
are defined as abstract concepts and do not support role
designation within the topology (e.g., root, |eaf).

The entities node, term nation point and Iink are contained in a
single network; they cannot be shared between the networks; they
cannot connect different networks.

Only unidirectional |inks are nodel ed, each with one source and
one destination. Bidirectional connectivity nust be represented
usi ng two separate unidirectional |inks.

Layering rel ati onshi ps are expressed solely through the supporting
construct, w thout additional semantics such as underlay, primry,
backup, |oad-sharing, path, sequential, or parallel roles.

The supporting relationship is restricted to sanme-type entities

only: (network->network, node->node, link->link, term nation point
-> termnation point)
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4.

4.

* The nodel focuses exclusively on topology | ayering and does not

support partitioning, such as sub-networks or sub-domains.
Requi renents Categorization

The requirements from[I-D.ietf-nnmop-simp-concept] were further
anal yzed and split into 3 categories:

* Section 4.1: Ceneric Requirements

- these are generic SIMAP requirenents for all YANG nodul es,

* Section 4.2: Requirenments supported by RFC8345

- these are SIMAP requirenents al ready supported by [ RFC3345]
that do not require and extensions or nodifications in RFC8345
for SI MAP nodel |ing

* Section 4.3: Requirenments not supported by RFC8345 (Gaps)

- these are SIMAP requirenments that are not supported by RFC8345
and are identified as RFC8345 gaps, they require extensions/
changes to ietf-network and ietf-network-topol ogy YANG nodul es.

- the requirenents in Section 4.3.1 nmust continue being supported
when nodel 1i ng the gaps.

Thi s docunent version has a Section 4.4: Requirenents for further
anal ysis. These are the requirenents that need further analyses in
order to be categorized. This section will be renoved fromthe
future versions of the draft.

Thi s docunent will focus on nodelling the RFC8345 gaps and ensuring
that the nodelling changes do not break any requirenents already
supported by [ RFC8345].

Generi c requirenents

The follow ng requirenments are generic interface requirenents and do
not inpact SIMAP nodel ling:

* Architectural Requirenents:

- REQ CONDI Tl ONAL: Provide capability for conditional retrieva
of parts of SIMAP. The NETCONF/ RESTCONF and YANG support
conditional retrieval. |In the case that nore advanced queries
are needed, alternative query interface may be required.
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4. 2.

REQ SCALES: The SI MAP APl nust be scal abl e.
REQ PERFORMANCE: The SI MAP APl nust be performant.

REQ SECURI TY: The conventional NACM control access rules
[ RFC8341] shoul d apply

Requi renments supported by RFC3345

Based on our initial analysis, the follow ng SIMAP requirenents are
al ready supported by RFC8345 and do not require any nodel ling
extensions/nodifications to ietf-network and ietf-network-topol ogy:

*

*

Havel ,

Oper at or Requi rement s:

REQ- BASI C- MODEL- SUPPORT: Basi ¢ npbdel with network, node, |ink,
and term nation point entity types.

REQ LAYERED- MODEL: Topol ogy | ayers from physical |ayer up to
service | ayer.

REQ VI EWPOI NTS: Different viewpoints provide capability to have
different views to different stakehol ders.

REQ PASSI VE- TOPO. Topol ogy i ncl udes passi ve topol ogy.
REQ COMVON- APl : Cormon SI MAP nodel s and APls, for nulti domain.
REQ LI VE: Live network topol ogy.

REQ LAYER- NAVI GATE: Navi gati on inside the topol ogy |ayer and
bet ween the topol ogy | ayers

REQ DATA- PLANE- FLOWN Provi der data plane (Flow) needs to be
correlatabl e to underlay and custoner data plane to overl ay
t opol ogy

REQ- CONTROL- PLANE: Underl ay control plane routing state needs
to be correlatable to underlay L3 topol ogy. Overlay control -
pl ane routing state needs to be correlate-able to overlay L3
net wor k t opol ogy.

Desi gn Requi rements:

REQ TOPO- ONLY: SI MAP shoul d contain only topol ogi cal
i nfornation.

Archi tectural Requirenents:
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REQ DI SCOVERY: A network controller nust performthe initial
and on-denmand di scovery of a network

REQ SYNCH: The controller nust performthe sync with the
net wor k.

REQ USABI LI TY: The SI MAP APl nust be sinple and easy to
integrate with the client applications. This requirement is
supported for the unidirectional and point2poi nt networks.

We nust keep these requirenents in mnd when proposing inplenentation
solutions for gaps, as they are applicable to how we nodel the
ext ensi ons / changes.

4.3. Requirenments not supported by RFC8345 (Gaps)

Based on the initial analysis, the follow ng SIMAP requirenents are
not fully supported by the RFC8345 and require extensions or
nodi fi cati ons:

* (Operator Requirenents:

Havel ,

REQ PROG- OPEN- MODEL: Open and progranmmabl e SI MAP. Gap: what-if
and snapshots part. Analysis and solution presented in
Section 7. 1.

REQ STD- API - BASED: St andard based SI MAP nodel s and APls, for

mul ti-vendor support. Gap: links are entities, adding |inkedTo
relations woul d hel p. Analysis and solution presented in
Section 7. 2.

REQ CRAPH TRAVERSAL: Graph Traversal. Analysis and sol ution
presented in Section 7.3.

REQ SNAPSHOT: Net wor k snapshot topol ogy. Analysis and sol ution
presented in Section 7.4.

REQ- POTENTI AL: Potential new network topol ogy. Analysis and
solution presented in Section 7.5.

REQ- | NTENDED: | ntended topol ogy. Analysis and sol ution
presented in Section 7.6.

REQ- SEMANTI C: Networ k topol ogy semantics. Gap: sone senantic
m ssing. Analysis and solution presented in Section 7.7.

REQ EXTENSI BLE: Extensible via netadata. Analysis and sol ution
presented in Section 7.8.
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REQ PLUGG SI MAP rust be pluggable. Analysis and solution
presented in Section 7.9.

REQ BI DIR SI MAP nust provide a nechani smto nodel
bidirectional links. Gap: conplex. Analysis and solution
presented in Section 7.10.

REQ MULTI - PO NT: SI MAP nust provi de a mechani smto nodel
mul tipoint links. Gap: complex. Analysis and solution
presented in Section 7.11.

REQ MULTI - DOVAI N:  SI MAP nust provide a nechanismto nodel 1inks
bet ween networks. Analysis and solution presented in
Section 7.12.

REQ SUBNETWORK: SI MAP nust provide a nechani smto nodel network
deconposition into sub-networks. Analysis and solution
presented in Section 7.13.

REQ SUPPORTI NG SI MAP rust provi de a nechani smto nodel
supporting rel ationshi ps between different types of topol ogical
entities (e.g., a termnation point is supported by the node).
Gap: between different types. Analysis and solution presented
in Section 7.14.

REQ STATUS: Links and nodes that are down nust appear in the
topol ogy. Gap: optionally if status is in SIMAP, we need to
nodel it.

Anal ysis and solution presented in Section 7.15.

* Design Requirements:

Havel ,

REQ PROPERTI ES: SI MAP entities should mainly contain properties
used to identify topological entities at different |ayers,
identify their roles, and topol ogical relationships between
them Analysis and solution presented in Section 7.16.

REQ- RELATI ONSHI PS:  SI MAP shoul d contain all topol ogi cal
rel ati onshi ps inside each | ayer or between the |ayers
(underl ay/overlay). Analysis and solution presented in
Section 7.17.

REQ TEMPO- HI STORY: Must support geo-spatial, tenporal, and
hi storical data. Analysis and solution presented in
Section 7.18.
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4.3.1. Requirements to keep in m nd when nodel |ing gaps
Any extensions/nodifications nust keep the original RFC8345 approach
as sinple as possible and fully generic and technol ogy and | ayer
agnostic. The followi ng requirenents are already supported in
RFC8345, but we nust keep themin nind when proposing inplenmentation
solutions for gaps, as they are applicable to how we nodel the
ext ensi ons / changes:
* (Qperator Requirenents:

- REQ BASI C- MODEL- SUPPORT: Basi c nodel with network, node, |ink,
and termination point entity types.

- REQ LAYERED- MODEL: Topol ogy | ayers from physical |ayer up to
service | ayer.

- REQ COMWON- APl : Common SI MAP nodels and APls, for multi domain.
- REQ LIVE Live network topol ogy.

- REQ LAYER- NAVI GATE: Navi gation inside the topol ogy | ayer and
bet ween the topol ogy | ayers

* Design Requirements:

- REQ TOPO ONLY: SIMAP shoul d contain only topol ogical
i nfornation.

* Architectural Requirenents:
- REQ USABILITY: The SI MAP APl nust be sinple and easy to
integrate with the client applications. This requirenment is
supported for the unidirectional and point2poi nt networKks.

4.4. Requirenments for further analysis

The foll owi ng requirenments need to be anal yzed further to determne
if they can be supported by RFC3345:

* (Cperator Requirenents:

- REQ TOPOLOGY- ABSTRACTI ON:  Navi gati on across the abstraction
| evel s inside a single network | ayer

-  REQ SHARED: Share nodes, links, and term nation points between
di fferent networks.

Havel , et al. Expires 23 April 2026 [ Page 10]



Internet-Draft SI MAP YANG Model Cct ober 2025

The foll owing requirenents have to be anal yzed further to capture all
generic networking semantics mssing from RFC8345 and from addi ti onal
requi renents defined as gaps.

* (Qperator Requirenents:
- REQ SEMANTI C. Network topol ogy semanti cs.
This section will be renmoved fromthe future versions of the draft.
5. Moddelling approach in this draft version

There are multiple options where the nodelling changes not supported
by RFC8345 can be done. The follow ng are candi date approaches:

* via new SI MAP YANG nodul e, augnmenti ng RFC8345 YANG nodul es.
* via RFC8345 bis YANG nodul es.

* via new S| MAP nmodel that does not augnent RFC8345 YANG nodul es
(either new YANG nodul e or some ot her way).

* different approach for different groups of requirenents.

This draft introduces the new ietf-simp-topol ogy YANG nodul e that
defines augnentation for ietf-network and ietf-network-topol ogy nodes
to support all SIMAP requirenments. As this is the sinplest way to
anal yze the gaps and review the nodelling, the current version of
this draft uses this approach. This does not nean that this is the
proposed approach, it will be used for review of the proposed
nmodel I i ng changes until the final approach has been agreed in the
NMOP. The final approach can be decided at the | ater stage, after
the modelling is reviewed and proposed. The nodelling can then be
nmoved to the agreed nodul e.

By proposing YANG nodels to address SIMAP requirements, we do not
suggest that this is the only approach to nodeling SI MAP. SI MAP can
al so be represented using ontol ogi cal frameworks; however, that
alternative is beyond the scope of this docunent.

6. APl Scope

It has been identified fromthe use cases that there is need for the
fol | owi ng:

* read access to the |live topol ogy (REQ LI VE)

* read access to historical topology (REQ SNAPSHOT)
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* read and wite access for potential topology (REQ POTENTI AL)
* read and wite access for intended topol ogy (REQ | NTENDED)

Traditionally, separate APl endpoints are used for accessing the live
network and potential network views. |If we follow this approach, the
foll owi ng consequences apply:

* The same topol ogy nodel can be reused across live, potential, and
i nt ended network representations.

* Distinct APl endpoints are naintained for each of the three
cat egori es.

* Access control (e.g., read-only for live and read/wite for
potential networks) can be managed externally via NACM access
control rules as defined in [ RFC8341], elimnating the need to use
config true/false within the nodel itself.

* The responsibility for tracking rel ati onshi ps between live,
potential, intended networks, and historical snapshots is
del egated to applications. These applications nmust orchestrate
across multiple APIs to conpute differences between shapshots.

To support nore advanced sol utions and enable SIMAP to be positioned
across various interfaces, as discussed in (Chapter 5 of
[1-D.ietf-nnmop-simap-concept], the current draft proposes the
fol | owi ng enhancenents:

* Define a default behavior that all ows separation between live,
potential, and intended topol ogi es wi thout enbedding this semantic
distinction in the nodel itself. Instead, senmantics are
determ ned by the selected APl endpoint, and the nodel remains
agnostic to the category of topol ogy.

* (Optionally enable a unified APl that introduces nodel -l eve
semantics to distinguish between Iive, potential, and intended
topol ogies. This unified nodel also captures rel ationshi ps anong
live, potential, historical, and intended instances. Such an
approach supports advanced use cases that require the nodel to
explicitly represent these semanti cs.

7. Solution Proposal for the RFC8345 Gaps

7.1. REQ PROG OPEN- MODEL: Open and Programmabl e
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7.1.1. Analysis

RFC8345 al ready supports the open and progranmmable API, but this
requirenents al so nmentions the what-if scenarios and different
snapshots that may have sone nodelling inplications (e.g. the need to
switch between different snapshots, relation to the real network that
the snapshot is for).

7.1.2. Inplementation Proposa

The inpl enentation for the nbdel changes for this requirenent will be
covered by the inplenmentation proposals for

* REQ POTENTIAL in Section 7.5 for wite access to the potential new
t opol ogy.

* REQ INTENDED in Section 7.6 for wite access for intended
t opol ogi es.

7.2. REQ STD- APl - BASED: St andard based

7.2.1. Analysis
RFC8345 al ready supports the standard nodel and APl for the SI MAP
requi renents supported by RFC8345. W al so need a standard nodel and
APl for the SIMAP requirements identified as RFC8345 gaps. This

requi renent al so nentions that these APIs nmust al so provide the
capability to retrieve the links to external datal/nodels.

7.2.2. Inplenmentation Proposa

The inpl enentation for the nodel changes for this requirement will be
covered by the inplementation proposal for REQ PLUGG in Section 7.9.

7.3. REQ GRAPH TRAVERSAL: G aph Traversal

7.3.1. Analysis
RFC8345 states that one of the reasons for nodelling only
unidirectional and point to point links is to allows the nodel to be

very easily subjected to applications that nmake use of graph
al gorithns.
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If we add support for bidirectional and multipoint links, this wll
make the graph traversal nore difficult according to RFC8345. But
based on the discussions with some Operators, having |links as nodes
and not direct relations is not graph traversal friendly for paths in
any case and having the capability to have the direct link relations
bet ween the term nation points or nodes is needed.

The decl arative graph queries will require the graph query | anguage
i ke Cypher or SPARQL. The current |ETF nodelling and protocols can
only provide the Iimted graph navigation

7.3.2. Inplenmentation Proposa

Add read only |inked-terni nation-point and |inked-node for
optim zing path graph traversal at single |layer, keep them optiona
for backward conpatibility

augnment "/ nw networ ks/ nw. net wor k/ nw. node/ nt:termnination-point" {
description
"Addi ng optional read only link relations between connected
term nation points for optimzed graph traversal for paths";

list |inked-term nation-point {
config fal se;
key "network-ref node-ref tp-ref”;
description
"This list identifies any linked term nati on points, added
optionally for read only for optim zed path graph
traversal ";

uses nt:tp-ref;

}

augnment "/ nw networ ks/ nw. net wor k/ nw. node" {
description
"Addi ng optional read only link relations between connected
nodes for optimzed graph traversal for paths";

l'ist Iinked-node {
config fal se;
key "network-ref node-ref";
description
"This list identifies any |inked nodes, added
optionally for read only for optimzed path graph
traversal ";

uses nw. node-ref;
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Figure 1: The proposal for optimzed path graph traversa
7.4. REQ SNAPSHOT: Different snapshots
7.4.1. Analysis

SI MAP rmust enable retrieval of multi-layered topology of different
hi stori cal snapshots, where a snhapshot is the view of the network at
any given point intime. This requires the inplenmentation proposa
to take into account the follow ng:

* howto retrieve historical snapshot for the network using timne
stanp (recorder time and/or validity tine)

* howto retrieve historical snapshots for the current topol ogy

* how to nodel and retrieve historical topology: either ful
topol ogy or only changes from anot her snapshot

* howto retrieve the external nodels via links in the historica
cont ext

* is this SIMAP requirenent or generic requirenment for any YANG
retrieval via NETCONF/ RESTCONF. The [RFC8342] defines different
datastores: configuration datastores (startup, candidate, running,
i nt ended) and operational datastore. It does not support the
hi stori cal datastores.

7.4.2. |Inplenentation Proposa
The following are the identified inplenentati on candi dates:
* Candidate 1 - Generic Sol ution
- this is generic requirenent, not just for SIMAP, therefore
i mpl ementati on should not be inplenmented by SI MAP but by the
NETCONF/ RESTCONF for historical systemstate + conf

* Candidate 2- SIMAP Specific Solution via historical files
(currently proposed in the YANG nodul e):

- inplemented via sonme historical files retrieval of the
historical files for specified snapshot-id, network-id and
timestanp, and the file itself can have the same structure as a
menber of the |ist network:
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cont ai ner networ ks-history {
config fal se;
list network-history {
key "live-network-ref tinestamp";
description
"Hi storical network. Snapshot is generated for each historical
i nstance, network-ref is the reference for the live network";
| eaf live-network-ref {
type leafref {
pat h "/ nw. net wor ks/ nw. net wor k/ nw. net wor k-i d";

| eaf tinestanp {
type yang: date-and-ti ne;

}
leaf file-id {
type inet:uri;

Figure 2: The candidate 2 for historical snapshots
* Candidate 3 - SIMAP Specific Solution via separate containers”
- inplenmented via separate container, for read only. |Instead of

referencing the file, the whole yang structure for the network
fromthe list-network is duplicated, except that all supporting

references nust al so point to snapshot id as well. This
i npl ementation is not proposed in the yang file in this draft
versi on.
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cont ai ner networ ks-history {
config fal se;
|'ist network-history-snapshot {
key "network-ref snapshot-id"
uses nt:network-ref;
| eaf snapshot-id {
type inet:uri;

| eaf tinestanp {
type yang: date-and-ti ne;

cont ai ner network-types {

}

list supporting-network {
key "network-ref snapshot-id"
| eaf network-ref {}
| eaf snapshot-id {}

l'ist node {
| eaf node-id {..}
|list supporting-node {
key "network-ref snapshot-id node-ref”;

}
list term nation-point {
leaf tp-id {}
l'ist supporting-termnation-point {
key "network-ref snapshot-id node-ref tp-ref";
}
}
}
list link {

leaf link-id {..}
|ist supporting-link {
key "network-ref snapshot-id |ink-ref";

}

Fi gure 3: The candidate 3 for historical snapshots

The candidate 2 with file reference is currently inplenented in the
YANG nodul e.

7.5. REQ POTENTI AL: Potential new network topol ogy

Havel , et al. Expires 23 April 2026 [ Page 17]



Internet-Draft SI MAP YANG Model Cct ober 2025

7.5.1. Analysis

SI MAP nmust enabl e both retrieval and wite access to the potenti al
new network. A potential new network is the view at a given point
with nodifications fromthe snapshot. This view may contain either
the full topology or just differences fromthe snapshot. Running a
"what-if" analysis requires the ability to take snapshots and to
switch easily between them

This requires the inplenentation proposal to take into account the
fol | owi ng:

* SIMAP wite is used for either what-if or intended scenarios, but
we have to ensure that we can create nultiple snapshots for what-
if scenario

* howto retrieve different what-if network instances

* how to connect what-if snapshot with the historical snapshot, as
the current topol ogy may change and what-if snapshot was created
based on the historical context

* how to connect to the current network instance

* how to nodel and retrieve potential network: either full topol ogy
or only changes fromthe snapshot

* howto retrieve the external nodels via links in the what-if
cont ext

* is this SIMAP requirement or generic requirenment for any YANG
retrieval via NETCONF/ RESTCONF. The [RFC8342] defines different
dat astores: configuration datastores (startup, candidate, running,
i nt ended) and operational datastore. It can potentially be used
for one candidate, but it does not support nultiple candi dates
with links to different running.

Pl ease refer to Section 6 for analysis of nultiple
endpoints (sematics deternined by the selection of the endpoint)
versus single endpoint (semantics in the nodel).

7.5.2. Inplenmentation Proposa

The following is the initial proposal

* provide a solution that would allow the |ive versus potential to
be nodel ed via different endpoi nts(please see Section 6)
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Havel ,

optionally, provide the solution for adding the semantics to the
nmodel

- use list network for potential as well
- network-id is generated for each potential candidate

- additional info needed: category (potential), tinestanp,
relation to the live network network-id

- relation to historical snapshot nay be determ ned based on the
live network-id and tinestanp
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identity network-category {
description "Base identity for the network category";

}

i dentity network-category-none {
description "This is used when endpoint selection identifies if
live, potential or intended. This is the default";
}

identity network-category-potential {
base "st: network-category”
description "Potential topology. There nmay be optionally one or
mul ti ple instances of the potential network, related
to the current network. Tinestanp determ nes what
hi stori cal snapshot has been used when
creating the potential network instance”;

}

augment "/ nw networ ks/ nw. net wor k" {

description
"Addi ng optional capability for nodelling of potentia
and intended network";

| eaf network-category {
type identityref {
base st: network-cat egory;
}
description
"The network category: none, live, potential, intended.
Default is none.";

| eaf live-network-ref {
description
"Required for potential and intended only to connect
to the live network instance";
type leafref {
pat h "/ nw net wor ks/ nw. net wor k/ nw. net wor k-i d";
require-instance fal se;

| eaf tinestanp {
description
"Required for potential only to connect to the
hi stori cal snapshot”;
type yang: date-and-ti ne;
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Figure 4: The proposal for potential snapshots

Check if this proposal has an issue with backward compatibility, as
the read woul d return potential instances as well. Alternative is
to have a separate |ist networks-potential

7.6. REQ I NTENDED: I ntended topol ogy

7.6.1. Analysis
S| MAP nmust enabl e both retrieval and wite access to the intended
net wor k topol ogy that cannot be discovered fromthe real network (for
exanpl e target L2 Topol ogy, L3 Topol ogy, passive topol ogy that cannot
be di scovered).

This requires the inplenentation proposal to take into account the
fol | owi ng:

* how to connect intended to the current network instance
Pl ease refer to Section 6 for analysis of nultiple endpoints
(sematics determned by the selection of the endpoint) versus single
endpoi nt (semantics in the nodel).

7.6.2. Inplenentation Proposa

The following is the initial proposal

* provide a solution that would allow the Iive versus intended to be
nmodel ed via different endpoint (please see Section 6)

* optionally, provide the solution for adding the semantics to the
nodel :

- use list network for intended as well

- network-id is generated for intended network, different
network-id fromthe live network

- additional info needed: type: intended, relation to the live
net work network-id
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i dentity network-category-none {
description "This is used when endpoint selection identifies if
live, potential or intended. This is the default”;
}

i dentity network-category-intended {
base "st: network-category”
description "lIntended topology, there is optionally 1 instance of
i ntended network related to the live network instance”;
}

augment "/ nw networ ks/ nw. net wor k" {

description
"Addi ng optional capability for nodelling of potential and
i ntended network";

| eaf network-category {
type identityref {
base st: network-cat egory;
}

description
"The network category: live, potential, intended.
Default is live.";

| eaf live-network-ref {
description
"Required for potential and intended only to connect to the
live network instance";
type leafref {
path "/ nw networ ks/ nw. net wor k/ nw: net wor k-i d";
require-instance fal se;

}

Figure 5: The proposal for intended snapshots
Check if this proposal has an issue with backward compatibility, as
the read woul d return potential instances as well. Alternative is
to have a separate |ist networks-intended.

7.7. REQ SEMANTI C. Network Topol ogy Semantic
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7.7.1. Analysis

Many RFC8345 augnentations add the additional topological semantics,
with sane concepts nodelled in a different way in different
augnentations. W already nentioned that some semantic is nissing
fromthe RFC8345 topol ogy nmodel, like bidirectional and nulti-point.
The following is also nmissing fromthe nodel:

* Relationship Properties. The supporting relationship could have
additional attributes that give nore information about the
supporting relationship. That way we could use it for
aggregation, underlay with prinmary/backup, |oad bal anci ng, hop,
sequence, etc.

* Termination point roles. W are missing semantics for the common
topol ogy roles: uni, i-nni,e-nni, primary, backup, hub, spoke,

* Node roles. W are missing semantics for the comon node rol es:
access, core, netro

* Link roles. W are missing semantics for the common |ink roles:
uni, i-nni, e-nni

* Layers / Sublayers. W need further analysis to deternmine in
network types are sufficient to support all scenarios for |ayers/
subl ayers. Alternatevely, some sub-layer info needs to be added.

* Tunnels and paths. W can nodel tunnels and paths via RFC8345 but
we | oose sone senantics that is in RFC8795.

7.7.2. Inplenentation Proposa

For further analysis
7.8. REQ EXTENSI BLE: Extensible via netadata
7.8.1. Analysis

SI MAP nust be extensible with netadata. This nmetadata can be added
vi a augnentation, but the nodel could also allow the approach of

addi ng the netadata via the core topology nodel. This approach can
be used for adding any senmantics not explicitely inplenented in the
nodel .

7.8.2. Inplementation Proposa

Add the following to network, node, term nation-point and |ink, and
to supporting rel ations:
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7.9.

7.9.1.

anydat a extension {

config fal se;

description
"The extension point for any other neta info or data or any
unknown ext ensi ons. Proposed solution for SIMAP requirenent
REQ EXTENSI BLE. Any additional info that is topologically
significant can also be added this way for requirenent
REQ TOPO- ONLY or REQ PROPERTI ES. *;

Figure 6: The proposal for extensions for neta data
REQ PLUGG Pl uggabl e

Anal ysi s

This requirenent states that SIMAP nust be pluggabl e and connect to
ot her YANG nodul es and ot her nodel | i ng nmechani sns.

.2. Implenentation Proposa

The solution for the external links is proposed in a separate draft
[1-D.vivek-si nap-external -rel ati onship].

.10. REQBID R Bidirectional Links

.10.1. Analysis

One of the core characteristics of any network topology is the link
directionality. Wile data flows are unidirectional, the
bidirectional links are also comon in networking. Exanples are

Et hernet cabl es, bidirectional SONET rings, socket connection to the
server. W also encountered requirements for sinplified service

| ayer topol ogy, where we want to nodel link as bidirectional to be
supported by unidirectional links at the | ower |ayer
* RFCB345 supports only unidirectional links, it was done
intentionally to keep the nodel as sinple as possible
* RFC8345 suggests to nodel bidirectional links via nmultiple
i nstances of unidirectional |inks

* while keeping the nodel sinpler in RFC8345, the APlIs and data
becone nore conplex and error prone. There is increase of nunber
of instances / data transferred over APlI, stored in the DB, or
managed/ noni tored and sone errors may occur during creation of the
entities
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* while keeping the nodel sinpler in RFC8345, we |ack the semantics
for the bidirectional Iinks and capability to expose and create
themin the unified manner

7.10.2. Inplenentation Proposa

identity link-direction {
description "Base identity for the directionality of the I|ink";

}

identity link-direction-uni {
base "st:link-direction";
description "Unidirectional Iink";

}

identity link-direction-bi {
base "st:link-direction";
description "Bidirectional |ink";

}

identity tp-direction {
description "Base identity for the directionality of the tp";

}

identity tp-direction-symetric {
base "st:tp-direction”;
description "TP in the bidirectional |ink";

}

identity tp-direction-source {
base "st:tp-direction”;
description "TP is the source tp in the |ink";

}

identity tp-direction-destination {
base "st:tp-direction";
description "TP is the destination tp in the |ink";

}

augnment "/ nw networ ks/ nw. net wor k/ nt: 1ink" {

ieaf link-direction {
type identityref {
base st:link-direction;

}

description
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7

7

"The direction of the link: unidirectional (link-direction-uni)
or bidirectional (link-direction-bi). It can also be any ot her
customidentity defined with base link-direction. It is
optional, so the nodel supports the solution without the I|ink
direction information, either if not known or for backward
conpati bl e case.";

}

list tp {
key "network-ref node-ref tp-ref”;
description "List of termination points in the |ink";
uses nt:tp-ref;

Ieéf tp-direction {
type identityref {
base st:tp-direction;
}

description
"The direction of the point in the |ink";

Figure 7: The proposal for bidirectional |inks
11. REQ MULTI - PO NT: Ml tipoint Links
11.1. Analysis

One of the core characteristics of any network topology is its type
and link cardinality. Any topology nodel should be able to nodel any
topol ogy type in a sinple and explicit way, including point to

mul ti point, bus, ring, star, tree, mesh, hybrid and daisy chain. Any
t opol ogy nodel should also be able to nodel any link cardinality in a
sinmple and explicit way, including point to point, point to

mul ti point, multipoint to multipoint or hybrid.

* RFCB345 defines all links as point to point and unidirectional, it
does not support nulti-point links (hub and spoke, full nesh,
hybrid). It was done intentionally to keep the nodel as sinple as
possi bl e.

* RFCB345 suggests to nodel the nulti-point networks via pseudo
nodes.
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* while keeping the nodel sinpler in RFC8345, the APlIs and data
becone nore conplex and error prone. There is increase of nunber
of instances / data transferred over APlI, stored in the DB, or
managed/ noni t or ed.

* while keeping the nodel sinpler in RFC8345, we |ack the senantics
for multi-point |inks and capability to expose and create themin
the unified manner

Clarification on hybrid links: The multi-point link is an abstraction
of underlying structure detail. The underlying structure is
currently expressed in ternms of a sinple identity which essentially
ref erences

a pattern of underlying flow where that pattern describes the effect
(anot her abstraction) of that flow between each point of the |ink.
There are currently a few well understood patterns, but the list wll
expand. The list of patterns, not surprisingly, will be the sane as
for service, for connectivity and for flow (as the link arises from
them). The approach of introdutcion of hybrid links allows for a
solution to express a conplex arrangenment in abstraction w thout

needi ng, for each instance, to lay out the detail. It also allows
the client application to “understand” the effect w thout having to
probe that detail.

7.11.2. |nplenmentation Proposa

identity link-type {
description
"Base identity for the internal structure of the Ilink";

}

identity link-type-p2p {
base "st:link-type";
description "Point to point |ink";

}

identity link-type-p2m {
base "st:link-type";
description "Point to nulti-point |ink";

}

identity link-type-nmp2mp {
base "st:link-type";
description "Miulti-point to multi-point |ink";

}

identity link-type-hybrid {
base "st:link-type";
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}

description
"Hybrid links, conbination of the other three.
The multi-point link is an abstraction of underlying structure
detail. The underlying structure is currently expressed in
terns of a sinple identity which essentially references
a pattern of underlying flow where that pattern describes the
ef fect (another abstraction) of that flow between each point
of the link. There are currently a few well understood
patterns, but the Iist will expand. The list of patterns, not
surprisingly, will be the same as for service, for
connectivity and for flow (as the link arises fromthen). The
approach of introduction of hybrid links allows for a
solution to express a conplex arrangenment in abstraction w thout
needi ng, for each instance, to lay out the detail. It also
allows the client application to “understand” the effect
wi t hout having to probe that detail.";

augment "/ nw networ ks/ nw. networ k/ nt:link" {

ieaf l'ink-type {
type identityref {
base st:link-type;
}

description
"The reference to the specification for the internal structure
of the Iink. It can be point to point (link-type-p2p), point to
mul tipoint (link-type-p2np) or multipoint to multipoint
(l'ink-type-np2np). It can al so be any other customidentity
defined with base link-type. It is optional, so the node
supports the solution without the link type information,
either if not known or for backward conpatible case.”;
}
list tp {
key "network-ref node-ref tp-ref”;
description "List of termination points in the |ink";
uses nt:tp-ref;

| eaf tp-role {
type identityref {
base st:tp-role;
}

description
"The role of the termnation point in the link defined in the
i nk-type spec.";
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Fi gure 8: The proposal for multi-point |inks

On the stand-al one point to point unidirectional case (the case
supported by RFC8345 currently), we recomend that, in a new

depl oynent, this is represented sinmultaneously in terns of the

exi sting approach and the new approach to bridge between old and new
solutions. W can explore this evolution in nore detail as it is
very inportant that we get this right. 1In the longer term it would
be ideal if all new solutions used the proposed multi-point approach
for point to point (where point to point is sinply a represented with
alist of two points). Cdearly, as always, there will be a long tai
on the legacy in the network, so sonme adaptation will be required to
deal with ol der deploynents, but this is usual and expected. It
shoul d not prevent advancenent.

Qpen Issue: Comment received to address: To inprove clarity, would it
make sense to define rules? For exanple:

* point-to-point: 1-to-1
* point-to-multipoint: 1-to-2+
* multipoint-to-nultipoint: 2+-to-2+

* And possibly multipoint-to-point: 2+-to-1 (if such cases are to be
support ed)

7.12. REQ MJLTI - DOVAIN: Ml ti-domain Links
7.12.1. Analysis

Li nk between nultiple networks, sub-networks, or domains is the

comon concept in network topology. SIMAP nust provide a mechani sm

to nodel |inks between networks.

* RFC8345 defines all links as belonging to one network instance and
havi ng the source and destination as node and term nation point
only, not allowing to link to term nation point of another
net wor k.

*  This does not allow for |inks between networks in the case of
mul ti-domains or partitioning.
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*

The only way woul d be to nodel each donmain as node and have |inks
bet ween t hem

7.12.2. I nplenentation Proposa

Allows the link to termnate on the termnation point that is on
anot her networ k.

augnment "/ nw networ ks/ nw. net wor k/ nt: 1i nk" {

list tp {
key "network-ref node-ref tp-ref”;

Figure 9: The proposal for nulti-donmain |Iinks

This way we can nodel the links in 2 ways: - link belongs to one
network (e.g. IS-1S Area) but pointing to renpote point of another
network (e.g. IS-1S Area) - link belongs to the parent domain (e.qg.
IS-1S AS Domain), but points to termination points of children
domains (e.g. different IS-1S Areas)

7.13. REQ SUBNETWORK: Subnetwor ks and partitioning

7.13.1. Analysis

RFC8345 does not nodel networks being part of other networks,

t her ef ore cannot nodel subnetworks and network partitioning. W
encountered this problemwi th nodelling I1S-1S and OSPF domai ns

and areas. The goal is to nodel AS/domain with nultiple areas so
that the SI MAP nodel contains information about how the AS is first
split into different | GP domains and how each 1 GP domain is split

into different areas. This is a comon problemfor both IS 1S and
OSPF.

7.13.2. Inplenmentation Proposa
The following are the identified inplenentation candi dates:

* Candidate 1 - network->subnetwork direction (currently proposed in
t he YANG nodul e):
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augment "/ nw networ ks/ nw. net wor k" {
l'ist subnetwork {
key "network-ref";
description
"A subnetwork of the network, supports partitioning";
| eaf network-ref {
type leafref {
pat h "/ nw net wor ks/ nw. net wor k/ nw. net wor k-i d";
require-instance fal se;
}
description
"References the subnetworks";

Fi gure 10
* Candidate 2 - subnetwork->network direction:

augrment "/ nw net wor ks/ nw. net wor k" {
| eaf parent-ref {
type leafref {
path "/ nw networ ks/ nw. net wor k/ nw. net wor k-i d";
require-instance fal se;
}
description "References the parent network from subnetworks”;
}
}

Fi gure 11
7.14. REQ SUPPORTI NG Extension to supporting
7.14.1. Analysis

RFC8345 defines supporting relationships only between the sane type
of entities. Networks can only be supported by networks, nodes can
only be supported by nodes, termnation points can only be supported
by term nations points and |links can only be supported by Iinks.

During the hackathons, we had a scenario where at one | ayer of

topol ogy we had a link with termnation points where the termnation
points are logical w thout the underlay term nation point, but the
only underlay connection we were able to define was to the underl ay
nodes. The sane happened w th nodes and net works.
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Therefore, we encountered the need to have term nation points
supported by nodes and nodes supported by networks. The [RFC8795]
al so adds additional underlay rel ationship between node and topol ogy
and |ink and topol ogy, but via a new underlay topol ogy and not via
the core supporting rel ationshi p.

7.14.2. |nplementation Proposal

Propose the inplenmentation.
7.15. REQ STATUS: Links and nodes down in topol ogy
7.15.1. Analysis

Li nks and nodes that are down nust appear in the topol ogy. The
status of the nodes and |inks nust be either inplenented in the SI MAP
or accessible fromthe SIMAP. Wiether the status is included as part
of

the SIMAP or accessible fromthe SIMAP is left to the solutions.

Therefore, based on this requirenent we nust optionally support the
status in SIMAP.

7.15.2. |nplenmentation Proposal

Options for showing links in the topology: * rely on the intended
network for the target and the live network

only shows the current topology * real network should include both
i ntended network and the state that reflects the current status

This draft proposes to use intended for the target state and that
application can retrieve live and intended and conpute the diff and
merge themif needed.

The draft al so proposes to add status, if required, via REQ
EXTENSI BLE i n Section 7.8.

7.16. REQ PROPERTIES: Properties significant for topol ogy
7.16.1. Analysis

Thi s design requirenent states that SIMAP entities should contain
properties used to identify topological entities at different |ayers,
identify their roles, and topol ogical relationships between them

Mul tiple operator requirenments are already covering sone specifics,
like REQ BIDIR, REQ MULTI-PO NT and we will anal yze and propose

i npl ementation for any nissing semantic as part of REQ SEMANTI C.
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Nevert hel ess, sonetimes the topological information is in the textua
form and cannot be done via the nodel and is conmmuni cated via name,
description, |labels. W can also see that nmany current augnentations
of RFC8345 add sone conmopbn properties that are generic and needed at
all layers and technol ogies (e.g. nane).

Therefore, we propose to add nane, |abels and decription into the
core nodel for all SIMAP entities but keep them optional for backward
compatibility.

7.16.2. Inplenentation Proposa

/*

*

Conmon Sl MAP groupi ngs for optional RFC3345 extensions

Addr essi ng requirements REQ PROPERTI ES as nane, |abel and

* description may be inportant properties that

* clarify the topological roles for different |ayers and technol ogi es
*/

*

groupi ng si map-conmmon {
description "A reusable set of optional extensions for network,
node, termnation point and |ink";
| eaf nane {
type string;
description
"The user friendly nanme, if required.
It is optional, for backward conpatibility";
}
leaf-list |abel {
type string;
description
"Used for optionally adding any | abels to the instances,
if required”;
| eaf description {
type string;
description
"Used for optionally adding any description to the instances,
if required”;

anydat a extension {

Figure 12: The proposal for bidirectional |inks
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.17. REQ RELATI ONSHI PS: Rel ationshi ps significant for topol ogy

.17.1. Analysis

Move any rel evant text fromdraft draft-havel - nnop-digital-nmap.

.17.2. I nplementation Proposal

Propose the inplenmentation.

.18. REQ TEMPO HI STORY: Ceo-spatial, tenporal, historical

.18.1. Analysis

Move any rel evant text fromdraft-havel - nnop-digital-map.

Anal yze tenporal (sane table) versus historical (separate tables),
tenmporal may not be needed here. Proposal for historical is done in
REQ SNAPSHOT.

In regards to geo-spatial, there are 2 options: * refer to existing
YANG nodul e * inplenent here This draft proposes to link to the
ext er nal

7.18.2. |nplenmentation Proposal

Propose the inplenmentation
Model Structure Details
The SIMAP data nmodel is defined in the "ietf-simp-topol ogy" nodul e.

Its structure is shown in Figure 1. The notation syntax follows the
syntax used in [ RFC8340].
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modul e: i etf-simap-topol ogy
+--ro networks-history
+--ro network-history* [live-network-ref tinmestanp]

+--ro live-network-ref -> [ nw. net wor ks/ net wor k/ net wor k-i d
+--ro tinmestanp yang: date-and-ti ne
+--ro file-id? inet:uri

augrment / nw net wor ks/ nw. net wor k:

+--rw name? string
+--rw | abel * string
+--rw description? string
+--ro0 extension? <anydat a>
augnment / nw net wor ks/ nw. net wor k/ hw. node:
+--rw name? string
+--rw | abel * string
+--rw description? string
+--r0 extension? <anydat a>
augment / nw: net wor ks/ nw. net wor k/ nw. node/ nt: t ernmi nati on- poi nt:
+--rw name? string
+--rw | abel * string
+--rw description? string
+--r0 extension? <anydat a>
augnent /nw. net wor ks/ nw. net wor k/ nt: | i nk:
+--rw name? string
+--rw | abel * string
+--rw description? string
+--ro extension? <anydat a>
augnment / nw. net wor ks/ nw: net wor k:
+--rw networ k- cat egory? i dentityref
+--rw |ive-network-ref? -> [/ nw net wor ks/ net wor k/ net work-i d
+--rw timestanmp? yang: dat e-and-ti ne
augnment / nw net wor ks/ nw. net wor k/ nt: I i nk:
+--rw link-type? identityref
+--rw link-direction? identityref
+--rw tp* [network-ref node-ref tp-ref]
+--rw tp-ref -> [/ nw net wor ks/

net wor k[ nw. net wor k-i d=current ()/../network-ref]/
node[ nw. node-i d=current()/../node-ref]/nt:term nati on-point/tp-id

+--rw node-r ef -> [/ nw. net wor ks/

net wor k[ nw. net wor k-id=current ()/../network-ref]/node/ node-id
+--rw networ k- r ef -> /[ nw. net wor ks/ net wor k/ net work-id
+--rw tp-role? i dentityref
+--rw tp-direction? i dentityref

augrment / nw net wor ks/ nw. net wor k:
+--rw subnet wor k* [ network-ref]
+--rw network-ref -> [ nw: net wor ks/ net wor k/ net work-i d

Fi gure 13: The Structure of the SI MAP Data Mdel
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9. YANG Modul e

nmodul e ietf-simp-topol ogy {
yang-version 1.1;
nanespace "urn:ietf:parans: xnl:ns:yang:ietf-sinap-topol ogy";
prefix st;

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

}

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

}

organi zati on
"Net wor k Management Operations (NMOP) Wbrking G oup”;

cont act
"WG Web: <https://datatracker.ietf.org/group/nnmop/>
WG Li st: <mai |l to: nmop@ et f. org>
Edi t or: a ga Havel
<mai | t o: havel . ol ga@uawei . conr
Edi t or: Ni gel Davis
<mai | t 0: ndavi s@i ena. con®
Edi t or: TODO

<mai | t o: TODO>";

description
"Thi s nodul e defines the SI MAP core topol ogy nodel based on the
requi renents defined in
https://datatracker.ietf.org/doc/draft-ietf-nnop-simp-concept/.

Copyright (c) 2025 | 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 thout nodification, is permtted pursuant to, and subject to
the license ternms contained in, the Sinplified BSD License set
forth in Section 4.c of the | ETF Trust’'s Legal Provisions
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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 2025-01-01 {
description
"Initial revision.";
reference
"XXX: A YANG Data Mddel for SIMAP Core Topol ogi es”;

identity tp-role {
description "Base identity fromwhich all tp roles in the link are
derived.";

~

* % % % *

Conmon SI MAP groupi ngs for optional RFC38345 extensions
Addr essi ng requi rements REQ PROPERTI ES as nane, |abel and
description may be inportant properties that
clarify the topological roles for different |layers and technol ogies
*/
groupi ng si map-conmmon {
description "A reusable set of optional extensions for network,
node, term nation point and |ink";
| eaf nane {
type string;
description
"The user friendly nane, if required.
It is optional, for backward conpatibility";
}
| eaf-1ist |abel {
type string;
description
"Used for optionally adding any | abels to the instances,
if required”;

| eaf description {
type string;
description
"Used for optionally adding any description to the instances,
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if required”;
}
anydat a extension {
config fal se;
description
"The extension point for any other neta info or data or any
unknown extensions. Proposed solution for SIMAP requirenent
REQ EXTENSI BLE. Any additional info that is topologically
significant can also be added this way for requirenent
REQ TOPO- ONLY or REQ PROPERTI ES. ";
}
}

augrment "/ nw net wor ks/ nw. net wor k" {
description
" Addi ng optional comon simap extensions";
uses st:si map-conmon;

}

augrment "/ nw networ ks/ nw. net wor k/ nw. node" {
description
"Addi ng optional comon simap extensions";
uses st:si map-conmon;

}

augrment "/ nw net wor ks/ nw. net wor k/ nw. node/ nt:termnation-point" {
description
"Addi ng optional comon simap extensions";
uses st:si map-conmon;

}

augrment "/ nw networ ks/ nw. net wor k/ nt: 1ink" {
description
" Addi ng optional comon simap extensions";
uses st: si map-conmon;

}

/*
* Candi date for potential (REQ POTENTIAL) and intended (REQ | NTENDED)
* topol ogy requirenent

*/

/*

* |dentities related to type of the network:
* live, potential, intended

*/

identity network-category {
description "Base identity for the network category";
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}

identity network-category-none {
description "This is used when endpoint selection identifies if
live, potential or intended. This is the default";
}

identity network-category-live {
base "st: network-category”
description "Live topology, there is only 1 instance of the live
net wor k" ;
}

i dentity network-category-potential ({
base "st: network-category”
description "Potential topology. There may be optionally one or
mul tiple instances of the potential network,
related to the current network";

}

identity network-category-intended {
base "st: network-category”
description "Intended topology, there is optionally 1 instance of
i ntended network related to the live network instance";
}

augrment "/ nw net wor ks/ nw. net wor k" {

description
"Addi ng optional capability for nodelling of potential and
i ntended network";

| eaf network-category {
type identityref {
base st: network-cat egory;
}

description
"The network category: live, potential, intended.
Default is live.";

| eaf live-network-ref {
description
"Required for potential and intended only to connect to the
live network instance";
type leafref {
pat h "/ nw. net wor ks/ nw. net wor k/ nw. net wor k-i d";
require-instance fal se;

}
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| eaf tinestanp {
description
"Required for potential only to find related historica
snhapshot";
type yang: date-and-ti ne;
}
}

/*
* Adding bidirectional and nulti-point capabilities to the Iink
*/

/*
* |dentities related to link directionality and cardinality of points
*/

identity link-direction {
description "Base identity for the directionality of the Ilink";
}

identity link-direction-uni {
base "st:link-direction";
description "Unidirectional |ink";

}

identity link-direction-bi {
base "st:link-direction";
description "Bidirectional |ink";

}

/*
* |dentities related to link type and cardinality of points
*/
identity link-type {
description
"Base identity for the internal structure of the Ilink";

}

identity link-type-p2p {
base "st:link-type";
description "Point to point |ink";

}

identity link-type-p2m {
base "st:link-type";
description "Point to nmulti-point |ink";
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identity link-type-nmp2mp {
base "st:link-type";
description "Miulti-point to multi-point |ink";

}

identity link-type-hybrid {

base "st:link-type";

description
"Hybrid links, conbination of the other three”
The nmulti-point link is an abstraction of underlying structure
detail. The underlying structure is currently expressed in
terns of a sinple identity which essentially references
a pattern of underlying flow where that pattern describes the
ef fect (another abstraction) of that flow between each point
of the link. There are currently a few well understood
patterns, but the list will expand. The list of patterns, not
surprisingly, will be the same as for service, for
connectivity and for flow (as the link arises fromthen). The
approach of introduction of hybrid links allows for a

solution to express a conplex arrangenment in abstraction w thout

needi ng, for each instance, to lay out the detail. It also
allows the client application to “understand” the effect
wi t hout having to probe that detail.";

}

/*

* |dentities related to term nation point directionality and role
* in the link

*/

identity tp-direction {
description "Base identity for the directionality of the tp";

}

identity tp-direction-symetric {
base "st:tp-direction";
description "TP in the bidirectional |ink";

}

identity tp-direction-source {
base "st:tp-direction";
description "TP is the source tp in the |ink";

}

identity tp-direction-destination {
base "st:tp-direction”;
description "TP is the destination tp in the |ink";

}
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augment "/ nw networ ks/ nw. networ k/ nt:1link" {
description
"Models the Iink that can be unidirectional, bidirectional
poi nt-to-point,point-to-multi-point, nmultipoint-to-nmultipoint,
t heref ore addressi ng requirenents:
- REQ BID R
- REQ MULTI - PO NT

wi th augnenti ng we keep source and destination for backward
conpatibility.

Allows for the link to termnate on the term nation point that is
on anot her network, therefore al so addressing the gap
- REQ MULTI - DOVAI N

"
3

| eaf link-type {
type identityref {
base st:link-type;
}

description
"The reference to the specification for the internal structure
of the Iink. It can be point to point (link-type-p2p), point to
mul tipoint (link-type-p2np) or multipoint to multipoint
(l'ink-type-np2nmp). It can al so be any other customidentity
defined with base link-type. It is optional, so the node
supports the solution without the link type information,
either if not known or for backward conpatibl e case.”;

}

| eaf link-direction {
type identityref {
base st:link-direction;
}

description
"The direction of the link: unidirectional (link-direction-uni)
or bidirectional (link-direction-bi). It can also be any ot her
customidentity defined with base link-direction. It is
optional, so the nodel supports the solution wi thout the I|ink
direction information, either if not known or for backward
conpati bl e case.";

}

list tp {
key "network-ref node-ref tp-ref”;
description "List of termination points in the |ink";
uses nt:tp-ref;
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| eaf tp-role {
type identityref {
base st:tp-role;
}

description
"The role of the termnation point in the link defined in the
l'ink-type spec.";

| eaf tp-direction {
type identityref {
base st:tp-direction;
}

description
"The direction of the point in the |ink";
}

}
}

/*
* Subnetwor ks, requirement REQ SUBNETWORK
*/
augnment "/ nw net wor ks/ nw. net wor k" {
list subnetwork {
key "network-ref";
description
"A subnetwork of the network, supports partitioning";
| eaf network-ref {
type leafref {
pat h "/ nw. net wor ks/ nw:. net wor k/ nw. net wor k-i d";
require-instance fal se;
}
description
"Ref erences the subnetworks";

}
}

/*
* Candi date for graph traversal (REQ GRAPH TRAVERSAL)
* topol ogy requirenent (tp->tp, node->node)
*/
augnment "/ nw networ ks/ nw. net wor k/ nw. node/ nt:terni nati on-point" {
description
"Addi ng optional read only link relations between connected
term nation points for optimzed graph traversal for paths”;

list |inked-term nation-point {
config fal se;
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key "network-ref node-ref tp-ref”;

description
"This list identifies any linked term nati on points, added
optionally for read only for optim zed path graph
traversal ";

uses nt:tp-ref;

}

augnment "/ nw networ ks/ nw. net wor k/ nw. node" {
description
"Addi ng optional read only link relations between connected
nodes for optimzed graph traversal for paths";

l'ist Iinked-node {
config fal se;
key "network-ref node-ref";
description
"This list identifies any |inked nodes, added
optionally for read only for optimzed path graph
traversal ";

uses nw. node-ref;

}

/*
* Networks history, requirenment REQ SNAPSHOT
*/

cont ai ner networ ks-history {
config fal se;
list network-history {
key "live-network-ref timestamp”;
description
"Hi storical network. Snapshot is generated for each historical
i nstance, network-ref is the reference for the Iive network";
| eaf live-network-ref {
type leafref {
pat h "/ nw net wor ks/ nw. net wor k/ nw. net wor k-i d";
}

| eaf tinestanp {
type yang: date-and-ti ne;

leaf file-id {
type inet:uri;
}
}
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Figure 14: The YANG Data Mbdel for SIMAP
10. Security Considerations
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