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Abst r act
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I nt roducti on

Abstraction and Control of TE Networks (ACTN) describes a set of
managenent and control functions used to operate one or nore Traffic
Engi neered (TE) networks to construct a Virtual Network (VN). A VN
is represented to custoners and is built fromthe abstractions of the
underlying TE networks [ RFC8453]. This document provides a YANG data
nmodel [ RFC7950] generally applicable to any node of VN operation.
ACTN is the primary exanple of the usage of the VN YANG data nodel,
but VWis not limted to it.

The VN nodel defined in this docunent is applicable in a generic
sense as an independent nodel in and of itself. It can also work
together with other customer service nodels such as the L3VPN Service
Model (L3SM [RFC8299], the L2VPN Service Mdel (L2SM [RFC8466], and
the L1 Connectivity Service Mdel (L1CSM [L1CSM YANG to provide
complete life-cycle service managenent and operations.

The YANG data nodel discussed in this docunent basically provides the
fol | owi ng:

* Characteristics of Access Points (APs) that describe custoner’s
endpoi nt characteristics;

* Characteristics of Virtual Network Access Points (VNAPs) that
descri be how an AP is partitioned for nultiple VNs sharing the AP
and its reference to a Link Termi nation Point (LTP) of the
Provi der Edge (PE) node;

* Characteristics of VNs that describe the custoner’s VN in terns of
mul tiple VN nenbers conprising a VN, multi-source and/or nulti-
destination characteristics of the VN nenber, the VN s reference
to TE-topol ogy’ s abstract node.

An abstract TE topology is a topol ogy that contains abstract

topol ogi cal el enments (nodes, |inks) created and custoni zed based on
custoner preference [ RFC8795]. The actual VN instantiation and
computation is performed with connectivity matrices of the TE

Topol ogy nodel [RFC8795], which provides a TE network topol ogy



abstracti on and managenent operation. As per [RFC8795], a TE node
connectivity matrix is the TE node’s switching limtations in the
formof valid switching conbinations of the TE node’s LTPs and
potential TE paths. The VN representation relies on a single
abstract TE node with a connectivity matrix. The VN can be
abstracted as a set of edge-to-edge links (a Type 1 VN). Each link
is the VN nenber that is nmapped to the connectivity matrix entry
(Section 2.1). The VN can also be abstracted as a topol ogy of
virtual nodes and virtual links (a Type 2 VN. Alongside the mapping
of VN nenbers to a connectivity matrix entry, an underlay path can
al so be specified (Section 2.2).

Once the TE Topol ogy nmodel is used in triggering VN instantiation

over the networks, the TE nodel [YANG TE] will inevitably interact
with the TE Topol ogy nodel when setting up actual tunnels and Label
Swi tched Paths (LSPs) under the tunnels.

Sections 2 and 3 provide a discussion of how the VN YANG data nodel
is applicable to the ACTN context where a Virtual Network Service
(VNS) operation is inplenented for the interface of the Custoner
Net work Controller (CNC) and the Miulti-Domain Service Coordi nat or
(MBSO .
The YANG data nodel for the CNC-MDSC Interface (CM) is also known as
the "customer service nodel™ in [RFC8309]. The YANG data nodel
di scussed in this docunent is used to operate custoner-driven VNs
during the VN instantiation and conputation as well as its life-cycle
servi ce managenent and operati ons.
The VN operational state is included in the sane tree as the
configuration consistent with Network Management Dat astore
Architecture (NVDA) [ RFC8342].

1.1. Terminol ogy and Conventions

Thi s docunent borrows the follow ng abbreviations from][RFC38453] and/
or [RFC8795]:

VN:  Virtual Network

AP:  Access Poi nt

VNAP: VN Access Poi nt

ACTN:  Abstraction and Control of TE Networks

CNC: Custoner Network Controller

MDSC: Ml ti-Domain Service Coordi nator

CM: CNC MDSC Interface

LTP: Link Term nation Point

Thi s docunent borrows the terminology in Section 1.1 of [RFC7926],
the term"Service Mdel" from|[RFC8309], and the term "Connectivity
Matrix" from [ RFC8795].

Various exanples in this docunent contain long |ines that may be
fol ded, as described in [ RFC8792].

1.2. Tree Diagram
A sinplified graphical representation of the data nodel is used in

Section 5 of this docunent. The neaning of the synbols in these
diagrans is defined in [ RFC8340].



1.3. Prefixes in Data Node Nanes

In this docunent, the nanes of data nodes and ot her data nodel
obj ects are prefixed using the standard prefix associated with the
correspondi ng YANG i nported modul es as shown in Table 1.

E st gumnl s e oo pp—p—j— U
| Prefix | YANG Modul e | Reference |
B b oo el sl e e e g U
| vn | ietf-vn | RFC 9731 |
Fomm e e e oo o m e e e e e e e oo o m e e e - +
| yang | ietf-yang-types | [RFC6991] |
N o e e e e oo oo M +
| nw | ietf-network | [ RFC8345] |
S T e T +
| nt | ietf-network-topology | [RFC8345] |
Fomm e e e oo o m e e e e e e e oo o m e e e - +
| te-types | ietf-te-types | [RFC8776] |
N o e e e e oo oo M +
| tet | ietf-te-topol ogy | [ RFC8795] |
S T e T +

Table 1: Prefixes and Correspondi ng YANG Modul es
2. Use Case of VN YANG Data Mddel in the ACTN Cont ext

In this section, ACTNis being used to illustrate the general usage
of the VN YANG data nodel. The nodel presented in this section has
the followi ng ACTN cont ext.

Figure 1: ACTN CM

Both ACTN VN and TE Topol ogy YANG data npdels are used over the CM
to establish a VN over TE networks, as shown in Figure 1.

2.1. Type 1 WN

As defined in [RFC8453], a VNis a custoner view of the TE network.
To recapitulate VN types from [ RFC8453], a Type 1 VN is defined as
fol |l ows:

The VN can be seen as a set of edge-to-edge abstract links (a Type 1
VN). Each abstract link is referred to as a VN nenber and is formed
as an end-to-end tunnel across the underlying networks. Such tunnels
may be constructed by recursive slicing or abstraction of paths in

t he underlying networks and can enconpass edge points of the
custonmer’s network, access |links, intra-domain paths, and inter-
domai n |inks.

If we were to create a VN where we have four VN nmenbers as foll ows:

VN nenber 1 L1-L4
VN menber 2 L1-L7
VN menber 3 L2-L4
VN menber 4 L3-L8
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Figure 2: VN Menbers (Type 1 VN)

Where L1, L2, L3, L4, L7, and L8 correspond to a Custoner Endpoint
(or AP).

This VN can be nodel ed as one abstract node representation as foll ows
in Figure 3:

o m o e e e e e e e e mee—ea—oo- +
I I
I [------ L4
I I
| ANL |
I I
| Yo [------ L7
I I
L2----- Lo |
I I
L3----- I [------ L8
I I
o e o e o e e e e e e e mee—ea—oo - +

Figure 3: Abstract Node (Type 1 Topol ogy)

Modeling a VN as one abstract node is the easiest way for custoners
to express their end-to-end connectivity as shown in Figure 3.

Type 2 VN

For some VN nenbers, the custoners are allowed to configure the

i ntended path. To achieve this, alongside the single node abstract
topol ogy, an underlay topology is al so needed. The underlay topol ogy
could be native TE topol ogy or an abstract TE topol ogy. The intended
path is set based on the nodes and links of the underlay topology. A
Type 1 VN can be viewed as a higher-1level abstraction of a Type 2 VN,
whi ch represents a single node abstract topol ogy over the underl ay
topol ogy and includes a nechanismto specify intended paths. These
topol ogi es could be nmutual |y agreed upon between the CNC and the MDSC
prior to VN creation or they could be created as part of VN

i nstantiation.

If a Type 2 VN is desired for some or all of the VN nenbers of a Type
1 VN (see the exanple in Section 2.1), the TE Topol ogy nodel can
provide the followi ng abstract topol ogies (a single node topol ogy ANl
and an underlay topology (with nodes S1 to S11 and correspondi ng
I'inks)).

o +
| s1 S2 |
| o W o) |
| |
I I
| S3 s4 . S5 |
I I G O........ O [------ L4
I : I
I I
| S6 s7 . S8 |
| O O........ o...... [--en-- L7
| S |
| SO . .S10 |
L2----- P o T o T O, [------ L8
| s11 |
L3----- I I
| ANL |
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Figure 4: Type 2 Topol ogy

As shown in Figure 4, the abstract node is ANl and an underl ay
topol ogy is depicted with nodes and links (S1 to S11).

As an example, if VN nenber 1 (L1-L4) is chosen to configure its own
pat h over Type 2 topology, it can select, say, a path that consists
of the explicit path {S3, S4, S5} based on the underlay topol ogy and
its service requirenent. This capability is enacted via TE-topol ogy
configuration by the custormer.

H gh-Level Control Flows w th Exanples
Type 1 VN Illustration

If this VWNis Type 1, the follow ng diagram shows the nmessage fl ow
between CNC and MDSC to instantiate this VN using VN and TE Topol ogy
YANG dat a nodel s.

Matrix on one tet:connectivity-matrices/

|
CNC PCST TE Topo | POST /nw: net wor ks/ nw: net wor k/
I
| v .
abstract node) | tet:connectivity-matrix

I
|
nmodel (w' Conn. nw. node/ t e- node-i d/ |
I
I
I
|

I >

| HTTP 200

| |
CNC POST t he | POST /virtual - network |
VN identifying [=mmmm > If there is
AP, VNAP, and VN | | multi-src/dest,
menbers and maps | | then MDSC
to the TE Topo | HTTP 200 | selects an
nodel R R | src or dest

| | and updates

| | VN YANG
CNC GET the | GET /virtual - network |
VN YANG st at us I L >|

I I

| HTTP 200 (VN with status: |

| selected VN nembers |

| in case of nulti-s/d) |

| <-mmmmmmmme e I

|

Figure 5: Type 1 VN Illustration
Type 2 VN Illustration
For some VN nenbers, the custonmer may want to "configure” an explicit

path that connects its two endpoints. Let us consider the follow ng
exanpl e:

VN nenber 1 L1-L4 (via S3, S4, and S5)

VN nenber 2 L1-L7 (via S3, $4, S7, and S8)
VN nenber 3 L2-L7 (via S9, S10, and S11)
VN nenber 4 L3-L8 (via S9, S10, and S11)

Figure 6: VN Menbers (Type 2 VN)

There are two options dependi ng on whet her CNC or MDSC creates the



singl e abstract node topol ogy.
Case 1:

If the CNC creates the single abstract node topol ogy, the nessage
fl ow between the CNC and MDSC to instantiate this VN using a VN and
TE Topol ogy YANG data nodel would be as shown in the follow ng

di agram

nmodel (w/  Conn. nw. node/t e-node-i d/tet:connectivity-

I I

CNC POST TE Topo I PCST / nw. net wor ks/ nw. net wor k/ I
Matrix on one I matrices/tet:connectivity-matrix I
|

I

abstract node and|-------------“-““-““--““----------- >

explicit paths in]

the Conn. Matrix)| HTTP 200
| |

CNC POST t he | POST /virtual - network

VN identifying I e >|

AP, VNAP, and VN
menbers and maps

|
to the TE Topo | HTTP 200 |
nodel RS R |
| |
CNC GET the | GET /virtual - network |
VN YANG st at us R e >|
I I
| HTTP 200 (VN with status) |
| S |
I

Figure 7: Type 2 VN Illustration: Case 1
Case 2:

On the other hand, if MDSC create the single abstract node topol ogy
based on VN YANG posted by the CNC, the follow ng diagram shows the
message fl ow between CNC and MDSC to instantiate this VN using VN and
TE Topol ogy YANG data nodel s.

menber s I e >| a single abst.
node t opol ogy

S | by itself

Fommmaa - + Fommmaa - +
| CNC | | MDSC |
Fomm oo + Fomm oo +
I I
I I
CNC POST WN | |
identifying AP, | |
VNAP and VN | POST /virtual - net work | MDSC popul at es
I
I

I

|

CNC GET WN & | GET /virtual -network &

POST TE Topo | POST / nw: networ ks/ nw. net wor k/
I
I
I

nmodel s (w nw. node/te-node-id/tet:
Conn. Matrix
on the tet:connectivity-matrix

abstract node R L LR PR >
and explicit |

I

I

I

I

connectivity-matrices/ |

I

I

I

paths in the | |
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Conn. Matri x)
HTTP 200 |

|

CNC CET the |
VN YANG st at us I e >|
I

I

Figure 8 Type 2 VN IIllustration: Case 2

Note that the underlay topology (which is referred to by the single
abstract node topol ogy) could be a Native/Wite topology or a Gey
topol ogy ([ RFCB453]) that is further custom zed based on the

requi renents of the custoner and configured at the MDSC

Appendi x B provi des JSON exanpl es for both the VN nodel and the TE
Topol ogy Connectivity Matrix sub-nodel to illustrate how a VN can be
created by the CNC naking use of the VN nbdel as well as the TE
Topol ogy Connectivity Matrix nodul e.

2.1. VN and AP Usage

The custoner access information may be known at the tinme of VN
creation. A shared logical AP identifier is used between the
customer and the operator to identify the access |ink between
Custonmer Edge (CE) and Provider Edge (PE). This is described in
Section 6 of [RFC8453].

In sone VN operations, the custonmer access may not be known at the
initial VN creation. The VN operation allows the creation of a VN
with only a PE identifier. The custoner access information could be
added | ater.

To achieve this, the "ap’ container has a leaf for the 'pe’ node that
allows the AP to be created with PE information. The VN nenber (and
VN) could use APs that initially only have PE infornmation.

VN YANG Dat a Mbdel Usage
1. Custoner View of VN

The VN YANG data nodel allows the definition of a customer view and
all ows the customer to conmuni cate using the VN constructs as
described in [RFC8454]. It allows the groupi ng of edge-to-edge |inks
(i.e., VN nenbers) under a common unbrella of VN. This allows the
custoner to instantiate and view the VN as one entity, making it
easier for sonme custonmers to work on VN without worrying about the
details of the provider-based YANG data nodel s.

This is simlar to the benefits offered by a separate YANG data node
for customer services described in [RFC8309], which states that
service nodel s do not nake any assunptions about how a service is
actual |y engi neered and delivered for a custoner.

2. Auto-creation of VN by MDSC

The VN coul d be configured at the MDSC explicitly by the CNC using
the VN YANG data nodel. In some other cases, the VN is not
explicitly configured but is instead created automatically by the
MDSC based on the custoner service nodel and |ocal policy; even in
these cases, the VN YANG data nodel can be used by the CNC to |l earn
details of the underlying VN, created to nmeet the requirenments of the



cust oner service nodel
4.3. Innovative Services
4.3.1. VN Conpute

The VN nodel supports VN conpute (pre-instantiation node) to viewthe
full VN as a single entity before instantiation; achieving this via
pat h conputation or "conpute-only" tunnel setup ([ YANG TE]) does not
provi de the same functionality.

| |

CNC POST TE Topo | POST /nw networ ks/ nw: net wor k/ |
model (w Conn. | nw node/te-node-id/tet:connectivity- |
Matrix on one | matrices/tet:connectivity-matrix |
abstract node and|-------------- - >|
constraints in | |
I

the conn. matrix)| HTTP 200

|

CNC calls RPC to |
conmpute the VN I e >|
as per the |
referred TE- Topo |
I

|

Figure 9: VN Conpute with Reference to TE Topol ogy YANG Data Model

The VN conpute RPC allows the optional inclusion of the constraints

and the optim zation criteria at the VN as well as at the individua

VN-nmenber level. Thus, the RPC can be used independently to get the
conputed VN result without creating an abstract topology first.

CNC calls RPC to
compute the VN  |---ccmmmmm i >
as per the |
constraints and |
VN nenbers |
I
I
I

Figure 10: VN Conpute

Regar dl ess of whether the TE Topol ogy nodel is referenced, the RPC
output includes a reference to the single node abstract topology with
each VN menber including a reference to the connectivity-matrix-id
where the path properties could be found.

To achieve this, the VN conpute RPC reuses the foll ow ng conmon
groupi ngs:

* te-types:generic-path-constraints: is used optionally in the RPC



input at the VN-level and/or VN-nenber |evel. The VN-nenber |evel
overrides the VN-level data including any constraints in the
ref erenced abstract node in the TE topol ogy.

* te-types:generic-path-optimzation: is used optionally in the RPC
i nput at the VN-level and/or VN-nmenber |evel. The VN-nenber |evel
overrides the VN-level data including any optimization in the
ref erenced abstract node in the TE topol ogy.

* vn nenber: identifies the VN nenber in both RPC input and output.

* vn-policy: is used optionally in the RPC input to apply any VN
| evel policies.

When MDSC receives this RPC, it conputes the VN based on the input
provided in the RPC. This conputation does not create a VN or
reserve any resources in the system it sinply conputes the resulting
VN based on information at the MDSC or in coordination with the CNC
A single node abstract topology is used to convey the result of each
VN nenber as a reference to the connectivity-matrix-id. |In case of
an error, the error information is included.

rpcs:
+---X vn-conpute
+---w i nput
| +---wte-topology-identifier
| +---w provider-id? te-gl obal -id
| +---wclient-id? te-gl obal -id
| +---w topol ogy-id? te-topol ogy-i d
+---w abstract-node?
| -> / nw. net wor ks/ net wor k/ node/tet:te-node-id
+---w path-constraints
+---w te-bandw dt h
| +---w (technol ogy)?

+---w link-protection? i dentityref
+---w setup-priority? uint8
+---w hold-priority? uint8
+---w signaling-type? i dentityref

I
I
I
I
|
I
l .
| +---w path-metric-bounds
| | +---wpath-netric-bound* [netric-type]
|
| +---w path-affinities-val ues
| | +---wpath-affinities-value* [usage]
|
| +---w path-affinity-nanes
| | +---wpath-affinity-nanme* [usage]
|
| +---w path-srlgs-lists
| | +---wpath-srlgs-list* [usage]
|
| +---w path-srlgs-nanes
| | +---w path-srlgs-nanme* [usage]
|
| +---w disjointness? t e- pat h-di sj oi nt ness
+---w co0s? te-types:te-ds-class
+---w optim zations
| +---w (algorithm?
+--:(metric) {path-optim zation-metric}?
|
+--:(objective-function)
{pat h-opti m zati on-objective-function}?

--w vn-menber-list* [id]
+---wid vnmid
+---W Src

I
I
|
I
I
+-
I
I



[ | | +---wap? -> /access-point/ap/id
| | | +---wvn-ap-id?
[ 1 1 | -> [access-point/ap[id=current()/../ap]/vn-ap/\

id
+---w multi-src? bool ean {multi-src-dest}?
---w dest
+---w ap? -> [access-point/ap/id

+---w vn-ap-id?
| -> [access-point/ap[id=current()/../ap]/vn-ap/\

_— =

| +---wmulti-dest? bool ean {multi-src-dest}?
+---w connectivity-matrix-id? | eaf r ef
+---w under | ay
+---w path-constraints
+---w te-bandw dt h

+---w | ink-protection? i dentityref
+---w setup-priority? uint8
+---w hold-priority? uint8
+---w signaling-type? identityref

||
||
||
||
[ .
[ .
[ .
[
[
[
| | | +---w path-netric-bounds
[ N
| | | +---wpath-affinities-values
[ N
| | | +---wpath-affinity-nanes
[ N
| | | +---wpath-srligs-lists
[ N
| | | +---w path-srlgs-nanes
[ N
| | | +---wdisjointness? t e- pat h-di sj oi nt ness
| | +---wcos? te-types:te-ds-class
| | +---w optimzations
| +---w (algorithm?
| ] o
| +---wvn-level-diversity? te-types:te-path-\
di sj oi nt ness
+--r0 out put

+--ro0 te-topol ogy-identifier

| +--ro provider-id? te-gl obal -id

| +--roclient-id? te-gl obal -id

| +--ro topol ogy-id? te-topol ogy-id

+--ro abstract-node?

| -> / nw net wor ks/ net wor k/ node/ tet:te-node-id

+--ro vn-nenber-list* [id]

+--ro id vnmid
+--ro src
| +--ro ap? -> [access-point/ap/id

| +--ro vn-ap-id?
| -> [access-point/ap[id=current()/../ap]/vn-ap/\

id

| +--ro multi-src? bool ean {multi-src-dest}?

+--ro dest

| +--ro ap? -> [access-point/ap/id

| +--ro vn-ap-id?

| -> [access-point/ap[id=current()/../ap]/vn-ap/\
id

|  +--ro multi-dest? bool ean {multi-src-dest}?

+--ro0 connectivity-matrix-id? | eaf r ef

+--ro underl ay

+--ro if-selected? bool ean {multi-src-dest}?

+--ro conput e-status? vn- conput e- st at us

+--ro error-info
+--ro error-description? string
+--ro0 error-tinmestanmp? yang: date-and-ti ne
+--ro0 error-reason? i dentityref
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2. Miltiple Sources and Multiple Destinations

In creating a VN, the list of sources or destinations or both may not
be predetermined by the custonmer. For instance, for a given source,
there may be a list of multiple destinations to which the optinma
destination may be chosen dependi ng on the network resource
situations. Likewise, for a given destination, there may al so be

mul tiple sources fromwhich the optinal source may be chosen. In
sonme cases, there nmay be a pool of nultiple sources and destinations
fromwhich the optinmal source-destination may be chosen. The

foll owi ng YANG tree shows how to nodel multiple sources and multiple
destinati ons.

nmodul e: ietf-vn
+--rw virtual - network
+--rw vn* [id]
+--rwid vn-id
+--rw te-topol ogy-identifier
| +--rw provider-id? te-global-id
| +--rwclient-id? te-gl obal -id
| +--rw topol ogy-id? te-topol ogy-i d
+--rw abstract - node?
| -> / nw. net wor ks/ net wor k/ node/tet:te-node-id
+--rw vn-nenber* [id]

| +-rwid vhmid
+--Trw src

| +--rwvn-ap-id?

I

| | +--rw ap? -> [access-point/ap/id

I

| 1 | -> [access-point/ap[id=current()/../ap]/vn-ap/\

id
| | +--rwnulti-src? bool ean {multi-src-dest}?
|  +--rw dest
| | +--rw ap? -> [access-point/ap/id
| | +--rwvn-ap-id?
| 1 | -> [access-point/ap[id=current()/../ap]/vn-ap/\
id
| | +--rwnulti-dest? bool ean {multi-src-dest}?
| +--rw connectivity-matrix-id? | eaf r ef
| +--rw underl ay
| +--ro oper-status? te-types: te-oper-status
| +--ro if-selected? bool ean {multi-src-dest}?
+--rw adm n- st at us? te-types:te-adni n-status
+--r0 oper-status? te-types: te-oper-status
+--rw vn-l evel -di versity? te-types:te-path-disjointness
O hers

The VN YANG data nodel can easily be augnented to support the mapping
of VWNto the services such as L3SM and L2SM as described in
[ TE- SERVI CE- MAPPI NG .

The VN YANG data nodel can be extended to support telenetry,
performance nonitoring, and network autonom cs as described in
[ TEAS- ACTN- PM .

Note that the VN YANG data nodel is tightly coupled with the TE
Topol ogy nodel [RFC8795]. Any underlay technol ogy not supported by
the TE Topol ogy nodel in [RFC8795] is al so not supported by the VN
model .  However, the VN nodel does include an enpty container called
"under| ay" that can be augnented. For exanple, the Segnent Routing
(SR) Policy [RFC9256] information can be augnented for the SR
underlay by a future nodel.

Apart fromthe te-types:generic-path-constraints and te-
types: generic-path-optimzation, an additional |eaf called

cos" for



the class of service is added to represent the C ass-Type of traffic
[ RFC4124] to be used as one of the path constraints.

4.5. Summary
This section summari zes the features of the VN YANG data nodel .
* Mai ntenance of APs and VNAPs along with the VN
* VN construct to group of edge-to-edge |inks
* Ability to support various VN and VNS types

- VN Type 1: Custoner configures the VN as a set of VN nenbers.
No other details need to be set by the custoner, making for a
sinplified operation for the custoner.

- VN Type 2: Along with VN menbers, the custoner could al so
provi de an abstract topology, this topology is provided by the
Abstract TE Topol ogy YANG dat a nodel .

0 Note that the VN type is not explicitly identified in the VN
YANG data nodel, as the VN YANG data nodel is exactly the
same for both VN Type 1 and VN Type 2. The VN type can be
implicitly known based on the referenced TE topol ogy and
whet her the connectivity matrix includes the underlay path
(Type 2) or not (Type 1).

* VN Conpute (pre-instantiate)
* Milti-Source / Milti-Destination
5. VN YANG Data Mdel (Tree Structure)

nmodul e: ietf-vn

+--rw access- poi nt

|  +--rw ap* [id]
+-rwid ap-id
+--rw pe?
| -> [/ nw net wor ks/ net wor k/ node/ tet:te-node-id
+--rw max- bandwi dt h? te-types:te-bandw dth
+--rw avl - bandwi dt h? te-types:te-bandw dth
+--rw vn-ap* [id]

+-rwid ap-id

+--rw abstract-node? -> / nw. net wor ks/ net wor k/ node/ \
node-i d

+--rw ltp? | eaf r ef

I
I
I
I
I
I
I
| +--rw vn? -> [virtual -network/vn/id
I
d
I
I

+--ro0 max- bandw dt h? te-types:te-bandw dth
+--rw virtual - net wor k
+--rw vn* [id]
+-rwid vn-id
+--rw te-topol ogy-identifier
| +--rw provider-id? te-gl obal -id
| +--rwclient-id? te-gl obal -id
| +--rw topol ogy-id? t e-topol ogy-id
+--rw abstract - node?
| -> [/ nw net wor ks/ net wor k/ node/ tet:te-node-id
+--rw vn-nenber* [id]

| +--rwid vnmid
+--rw src

I
| | +--rw ap? -> [access-point/ap/id
| | +--rwvn-ap-id?
| -> [access-point/ap[id=current()/../ap]/\
vn-ap/id

| | +--rwmlti-src? bool ean {multi-src-dest}?



vn-ap/i

rpcs:

d

+--rw admi n-status?
+--ro oper-status?

+--rw dest

|  +--rw ap? -> [access-point/ap/id

|  +--rw vn-ap-id?

| ] -> [access-point/ap[id=current()/../ap]/\

|  +--rw multi-dest? bool ean {multi-src-dest}?
+--rw connectivity-matrix-id? | eaf r ef

+--rw under | ay
+--ro oper-status?
+--ro if-selected?

te-types:te-oper-status

bool ean {rulti-src-dest}?
te-types:te-adnin-status
te-types:te-oper-status

+--rw vn-l evel -diversity? te-types:te-path-disjointness

+---X vn-conpute
+---w i nput

vn-ap/i

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
d
I
I
I
I

+---w te-topol ogy-identifier
| +---w provider-id? te-gl obal -id
| +---wclient-id? te-global -id
| +---w topol ogy-id? t e-topol ogy-i d
+---w abstract - node?
| -> / nw net wor ks/ net wor k/ node/ tet: te-node-id
+---w path-constraints
| +---w te-bandw dth
| +---w (technol ogy)?

+---w link-protection? i dentityref
+---w setup-priority? uint8
+---w hold-priority? uint8
+---w signaling-type? identityref

I
I
I
I
I
| .
| +---w path-netric-bounds
| | +---w path-netric-bound* [metric-type]
|
| +---wpath-affinities-val ues
| | +---wpath-affinities-value* [usage]
|
| +---w path-affinity-nanes
| | +---w path-affinity-nanme* [usage]
|
| +---w path-srlgs-lists
| | +---wpath-srlgs-list* [usage]
|
| +---w path-srlgs-nanes
| | +---w path-srlgs-nanme* [usage]
|
| +---w disjointness? t e- pat h- di sj oi nt ness
+---w cos? te-types:te-ds-class
+---w optimnm zations
| +---w (algorithm?

+--:(metric) {path-optim zation-netric}?

|
+--:(objective-function)

{pat h-optim zati on-obj ective-function}?

+---wid vhmid
+---W Src
|  +---w ap? -> [access-point/ap/id

I

I

I

I

+---w vn-nenber-list* [id]
I

I

| _

| |  +---w vn-ap-id?

| | | -> [access-point/ap[id=current()/../ap]/\
| | +---wmulti-src? bool ean {nmulti-src-dest}?

| +---w dest

| | +---w ap? -> [access-point/ap/id

| |  +---w vn-ap-id?



I -> [access-point/ap[id=current()/../ap]/\
vn-ap/i
|  +---wnmulti-dest? bool ean {nmulti-src-dest}?
+---w connectivity-matrix-id? | eaf r ef
+---w under | ay
+---w path-constraints

+---w te-bandw dth

+---w |ink-protection? i dentityref
+---w setup-priority? uint8
+---w hol d-priority? uint8
+---w signaling-type? i dentityref

I

I

I

I

I

| _

| +---w path-metric-bounds

| ] S

| +---w path-affinities-values
| ] ..

| +---w path-affinity-nanes

| ] c.

| +---w path-srlgs-lists

| ] S

| +---w path-srlgs-nanes

| ] ..

| +---w disjointness? t e- pat h- di sj oi nt ness
+---w cos? te-types:te-ds-class
+---w optimnzations

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| +---w (algorithm?

|
d
I
I
I
I
|
I
I
I
I
I
|
I
I
I
I
I
|
I
I
I
I
I
|
I
I

| c.
|  +---wvn-level-diversity? te-types:te-path-\
di sj oi nt ness
+--r0 out put
+--ro0 te-topol ogy-identifier
| +--ro provider-id? te-global-id
| +--ro client-id? te-gl obal -id
| +--ro topol ogy-id? te-topol ogy-i d
+--ro abstract-node?
| -> / nw. net wor ks/ net wor k/ node/tet:te-node-id
+--ro vn-nmenber-list* [id]

+--ro id vhmid
+--1r0 src
| +--ro ap? -> [access-point/ap/id

| +--ro vn-ap-id?
| ] -> [access-point/ap[id=current()/../ap]/\

vn-ap/id

| +--ro multi-src? bool ean {nmulti-src-dest}?

+--ro dest

| +--ro ap? -> [access-point/ap/id

| +--ro vn-ap-id?

| ] -> [access-point/ap[id=current()/../ap]/\
vn-ap/id

| +--ro multi-dest? bool ean {nmulti-src-dest}?

+--r0 connectivity-matrix-id? | eaf r ef

+--ro underl ay

+--ro if-selected? bool ean {multi-src-\
dest}?

+--ro conput e-status? vn- conput e- st at us

+--ro error-info
+--ro0 error-description? string
+--ro0 error-tinmestanmp? yang: date-and-ti ne
+--ro error-reason? i dentityref

VN YANG Dat a Mddel
The VN YANG data nodel is as foll ows:

<CODE BEG@ NS> file "ietf-vn@025-03-27. yang"
modul e ietf-vn {



yang-version 1.1;
nanespace "urn:ietf:parans: xnl:ns:yang:ietf-vn";
prefix vn;

[* Import common YANG types */

import ietf-yang-types {
prefi x yang;
ref erence
"RFC 6991: Common YANG Data Types";

}

[* Import network */

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

}

/* Inmport network topol ogy */

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

}
/[* Inmport TE Comon types */

inmport ietf-te-types {
prefix te-types;
reference
"RFC 8776: Common YANG Data Types for Traffic Engi neering”;

}
/[* Inmport TE Topol ogy */

inmport ietf-te-topology {
prefix tet;
reference
"RFC 8795: YANG Data Mddel for Traffic Engineering (TE)
Topol ogi es”;

}

organi zati on
"I ETF Traffic Engineering Architecture and Signaling (TEAS)
Wor ki ng G oup”;
cont act
"WG Web: <https://datatracker.ietf.org/wy/teas/>
WG List: <nmailto:teas@etf.org>

Editor: Young Lee <youngl ee.tx@mail .conp
Editor: Dhruv Dhody <dhruv.ietf@mail.conp";
description
"This YANG nodul e for the Virtual Network (VN)
It describes a VN operation nodul e that can take pl ace
in the context of the Customer Network Controller (CNC -
Mul ti-Domain Service Coordinator (MDSC) interface (CM) of
the Abstraction and Control of TE Networks (ACTN)
architecture where the CNC is the actor of a VN
instantiation/nodification/deletion as per RFC 8453.

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 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 9731; see the
RFC itself for full legal notices.";

revi sion 2025-03-27 {
description
"The initial version.";
ref erence
"RFC 9731: A YANG Data Model for Virtual Network (VN)
Qper ations";

}

/* Features */

feature multi-src-dest {
description
"Support for selection of one source or destination
anong nultiple.";
ref erence
"RFC 8453: Franmework for Abstraction and Control of TE
Net wor ks (ACTN)";

}
[* Typedef */

typedef vn-id {
type string {
length "1.. max";
}
description
"A type definition for a VNidentifier.";

typedef ap-id {
type string {
length "1.. max";
}
description
"A type definition for an Access Point (AP) identifier.";

typedef vnmid {

type string {
length "1.. max";

}
description
"A type definition for a VN-nenber identifier.";
}

typedef vn-conpute-status {
type te-types:te-comon-status;
description
"A type definition for representing the VN conpute status.
Note that all statuses apart from up and down are consi dered
to be unknown.";

}
/* identities */

identity vn-conputation-error-reason {



description
"Base identity for VN conputation error reasons.";
}

i dentity vn-conputation-error-not-ready {
base vn-conputation-error-reason
description
"VN conput ation has fail ed because the MDSC i s not
ready.";

}

identity vn-conputation-error-no-cnc {
base vn-conputation-error-reason
description
"VN conput ati on has fail ed because one or nore dependent
CNCs are unavail able.";

}

identity vn-conputation-error-no-resource {
base vn-conputation-error-reason
description
"VN conputation has fail ed because there is no
avai l abl e resource in one or nore domains.";

}

identity vn-conputation-error-path-not-found {
base vn-conputation-error-reason
description
"VN conputation failed as no path found.";
}

identity vn-conputation-ap-unknown {
base vn-conputation-error-reason
description
"VN conputation failed as the source or destination Access
Poi nt (AP) not known.";

}
/* Groupings */

groupi ng vn- nenber {
description
"The vn-nmenber is described by this grouping.”;
leaf id {
type vmi d;
description
"A vn-nenber identifier.";
}
contai ner src {
description
"The source of VN nenber.";
| eaf ap {
type leafref {
path "/access-point/ap/id";
}

description
"A reference to the source AP.";
}

| eaf vn-ap-id {
type leafref {
path "/access-point/ap[id=current()/../ap]/vn-ap"
+ "/idY
}
description
"Areference to the source VNAP.";



leaf multi-src {
if-feature "nulti-src-dest”;
type bool ean;
default "false";
description
"I's the source part of a multi-source, where
only one of the sources is enabl ed?";

}
}

cont ai ner dest {
description
"The destination of the VN nenmber.";
| eaf ap {
type leafref {
path "/access-point/ap/id";
}
description
"A reference to the destination AP.";
}
| eaf vn-ap-id {
type leafref {
path "/access-point/ap[id=current()/../ap]/"
+ "vn-ap/id";
}

description
"A reference to the destination VNAP.";

| eaf multi-dest {
if-feature "nmulti-src-dest";
type bool ean;
default "fal se";
description
"I's the destination part of a nulti-destination,
where only one of the destinations is enabled.";

}
}

| eaf connectivity-matrix-id {
type leafref {
pat h "/ nw networ ks/ nw. net wor k/ nw. node/tet:te/"
+ "tet:te-node-attributes/"
+ "tet:connectivity-matrices/"
+ "tet:connectivity-matrix/tet:id";
}
description
"A reference to the connectivity-matrix.";
ref erence
"RFC 8795: YANG Data Mddel for Traffic Engineering (TE)
Topol ogi es”;
}
cont ai ner underlay {
description
"An enpty container that can be augmented with underl ay
technol ogy information not supported by RFC 8795 (for
exanpl e, Segnent Routing (SR).";
}
ref erence
"RFC 8454: Information Mddel for Abstraction and Control of TE
Net wor ks (ACTN)
RFC 8795: YANG Data Mdel for Traffic Engineering (TE)
Topol ogi es”;

}

groupi ng vn-policy {
description
"policy for VN-level diversity"
| eaf vn-level-diversity {



type te-types:te-path-disjointness;
description
"The type of disjointness on the VN Ilevel (i.e., across al
VN nenbers).";
}
}

/* Configuration data nodes */

cont ai ner access-point {
description
"AP configurations.";
list ap {
key "id";
description
"The access-point identifier.";
leaf id {
type ap-id;
description
"An AP identifier unique within the scope of the entity
that controls the WN.";

}
| eaf pe {
type leafref {
pat h "/ nw net wor ks/ nw. net wor k/ nw. node/tet:te-node-id";
}
description
"Areference to the PE node in the native TE Topol ogy.";

| eaf max-bandwi dth {
type te-types:te-bandw dth
description
"The max bandwi dth of the AP.";

}
| eaf avl -bandwi dth {
type te-types:te-bandw dth;
description
"The avail abl e bandwi dth of the AP.";
}
list vn-ap {
key "id";
leaf id {
type ap-id;
description
"A unique identifier for the VNAP.";
}

| eaf vn {
type leafref {
path "/virtual -network/vn/id";
}
description
"Areference to the VN.";
}

| eaf abstract-node {
type leafref {
pat h "/ nw. net wor ks/ nw: net wor k/ nw. node/ nw. node-i d";
}
must ’/ nw. net wor ks/ nw. net wor k/ nw. node[ nw. node-i d=
+ 'current()/../abstract-node]/tet:te-node-id {
description
"The associ ated network for the abstract-node
must be TE enabl ed. ";
}
description
"A reference to the abstract node that represents
the VN.";



}
leaf Itp {
type leafref {
path "/ nw networ ks/ nw. net wor k/ nw. node[ nw. node-i d="
+ "current()/../abstract-node]/nt:term nation-point/"
+ "tet:te-tp-id";
}
description
"A reference to the Link Term nation Point (LTP)

in the abstract-node, i.e., the LTP should be in
the abstract |ayer and not the underlying |ayer.";
ref erence

"RFC 8795: YANG Data Mddel for Traffic Engineering (TE)
Topol ogi es”;

| eaf max-bandwi dth {

type te-types:te-bandw dth

config fal se;

description

"The max bandwi dth of the VNAP.";

}
description

"List of VNAPs in this AP.";

}
}

ref erence
"RFC 8453: Franmework for Abstraction and Control of TE
Net wor ks (ACTN), Section 6";
}
cont ai ner virtual -network {
description
"VN configurations.";
list vn {
key "id";
description
"AVNis identified by a vn-id.";
leaf id {
type vn-id;
description
"An identifier unique within the scope of the entity
that controls the VN.";
}
uses te-types:te-topol ogy-identifier;
| eaf abstract-node {
type leafref {
path "/ nw networ ks/ nw. net wor k/ nw. node/ tet:te-node-id";
}

description
"A reference to the abstract node in TE Topol ogy.";
}
list vn-nmenber ({
key "id";
description
"List of vn-menbers in a VN ";
uses vn- nenber
| eaf oper-status {
type te-types:te-oper-status;
config fal se;
description
"The vn-menber operational state.”;

| eaf if-selected {
if-feature "multi-src-dest";
type bool ean;
default "fal se";
config fal se;



description
"I's the vn-nenber sel ected anong the nmulti-source
or multi-destination options?";

}

| eaf adm n-status {
type te-types:te-adn n-status;
default "up";
description
"VN adm ni strative state."”;
}
| eaf oper-status {
type te-types:te-oper-status;
config fal se;
description
"VN operational state.";

}
uses vn-policy;
}
ref erence
"RFC 8453: Franework for Abstraction and Control of TE
Net wor ks (ACTN) ";
}
/* RPC */

rpc vn-conpute {
description
"The VN computation w thout actual instantiation. This is
used by the CNC to get the VN results wi thout actually
creating it in the network.

The input could include a reference to the single node
abstract topology. It could optionally also include
constraints and optinization criteria. The conputation
i s done based on the list of VN nmenbers

The output includes a reference to the single node
abstract topology with each VN nenber including a
reference to the connectivity-matrix-id where the
path properties could be found. Error information is
al so included.";
i nput {
uses te-types:te-topol ogy-identifier;
| eaf abstract-node {
type leafref {
path "/ nw networ ks/ nw. net wor k/ nw. node/ tet:te-node-id";
}
description
"A reference to the abstract node in TE Topol ogy.";
}
uses te-types: generic-path-constraints;
| eaf cos {
type te-types:te-ds-class;
description
"The class of service (COS).";
}
uses te-types: generic-path-optim zation;
list vn-menber-list {
key "id";
description
"List of VN nmenbers in a VN.";
uses vn-nenber;
uses te-types: generic-path-constraints;
| eaf cos {
type te-types:te-ds-class;



description
"The cl ass of service.";
ref erence
"RFC 4124: Protocol Extensions for Support of
D ffserv-aware MPLS Traffic Engi neering,
Section 4.3.1";
}
uses te-types: generic-path-optimzation;
}

uses vn-policy;

out put {
uses te-types:te-topol ogy-identifier;
| eaf abstract-node {
type leafref {
path "/ nw networ ks/ nw. net wor k/ nw. node/ tet:te-node-id";
}

description
"A reference to the abstract node in TE Topol ogy.";
}

list vn-nmenber-list {
key "id";
description
"List of VN nenbers in a VN ";
uses vn-menber
| eaf if-selected {
if-feature "multi-src-dest";
type bool ean;
default "fal se";
description
"I's the vn-nenber selected among the nmulti-source or
mul ti-destination options?";
ref erence
"RFC 8453: Franework for Abstraction and Control of TE
Net wor ks (ACTN), Section 7";
}
| eaf conpute-status {
type vn-conput e- st at us;
description
"The VN nmenber conpute state.";
}

container error-info {
description
"Error information related to the VN nenber.";
| eaf error-description {
type string {
length "1.. max";
}
description
"Textual representation of the error that occurred
during VN conpute.”;
}
| eaf error-timestamp {
type yang: date-and-ti ne;
description
"Timestanp of the attenpt.”;
}
| eaf error-reason {
type identityref {
base vn-conputation-error-reason
}
description
"Reason for the VN conputation error.";



}
}

}
<CODE ENDS>
Security Considerations

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 [ RFC8040]. The | owest NETCONF | ayer
is the secure transport |ayer, and the mandatory-to-inpl enment secure
transport is Secure Shell (SSH) [RFC6242]. The | owest RESTCONF | ayer
is HITPS, and the mandatory-to-inpl enent secure transport is TLS

[ RFCB8446] .

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.

The nodel presented in this docunent is used in the interface between
the CNC and MDSC, which is referred to as CNC-MDSC I nterface (CM).
Security risks, such as malicious attack and rogue el enents
attenpting to connect to the various ACTN conponents, are possible.
Furt hernmore, sone ACTN conponents (e.g., MDSC) represent a single
point of failure and threat vector. Also, there is a need to nmanage
policy conflicts and eavesdroppi ng on comuni cati on between different
ACTN conponent s.

There are a nunber of data nodes defined in this YANG nodul e that are
witable/creatable/deletable (i.e., "config true", which is the
default). These data nodes nmmy 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. These are the subtrees and data nodes
and their sensitivity/vulnerability:

* ap: This list includes a set of sensitive data that influences how
the APs in the VN service are attached. By accessing the
foll owi ng data nodes, an attacker may be able to mani pul ate the
VN.
- id
- pe
- max- bandwi dt h
- avl-bandwi dth

* vn-ap: This list includes a set of sensitive data that influences
how the VN service is delivered. By accessing the follow ng data
nodes, an attacker nmay be able to manipul ate the VN
- id
- vn
- abstract-node
- Itp

- max- bandwi dt h

* vn: This list includes a set of sensitive data that influences how
the VN service is delivered. By accessing the follow ng data
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nodes, an attacker may be able to mani pul ate the VN
- id

- te-topol ogy-identifier

- abstract-node

* vn-nenber: This list includes a set of sensitive data that
i nfl uences how the VN nenmber in the VN service is delivered. By
accessing the followi ng data nodes, an attacker nay be able to
mani pul ate the VN menber.

- id

- srclap

- src/vn-ap-id

- dest/ap

- dest/vn-ap-id

- connectivity-matrix-id

Sone of the readabl e data nodes in this YANG nodul e may be consi dered
sensitive or vulnerable in sone network environments. It is thus
important to control read access (e.g., via get, get-config, or
notification) to these data nodes. These are the subtrees and data
nodes and their sensitivity/vulnerability:

* oper-status: This |leaf can reveal the current operational state of
the VN

* jf-selected: This |eaf can reveal which vn-nenber is selected
anong the various multi-source / nulti-destination options.

Sone of the RPC operations in this YANG nodul e may be consi dered
sensitive or vulnerable in sone network environments. It is thus
important to control access to these operations. These are the
operations and their sensitivity/vulnerability:

* vn-conpute: This RPC triggers the VN conputation at the NMDSC
whi ch can reveal the VN information.

| ANA Consi der ati ons

| ANA has rmade the following allocation for a URI in the
within the "I ETF XM. Registry" registry group [ RFC3688]:

ns" registry

URI: wurn:ietf:paranms:xm:ns:yang:ietf-vn
Regi strant Contact: The | ESG
XM: N A, the requested URI is an XM. nanmespace

| ANA has nmade the followi ng allocation for the VN YANG data nodel
(see Section 5 in the "YANG Mddul e Nanes" registry [ RFC6020]:

name: ietf-vn
namespace: urn:ietf:paranms:xm:ns:yang:ietf-vn
prefix: wvn
reference: RFC 9731
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Appendi x A.  Performance Constraints

At the creation of a VN, it is natural to provide VN-I|eve
constraints and optinization criteria. |t should be noted that the
VN YANG data nodel described in this docunent relies on the TE

Topol ogy nodel in [RFC8795] by using a reference to an abstract node
to provide VN-level constraints and optimzation criteria. Further,
the connectivity-matrix structure is used to assign the constraints
and optim zation criteria including delay, jitter, etc. [RFC8776]
defines sone of the metric-types; future docunents are neant to
augrment it.

Note that the VN compute allows the inclusion of the constraints and
the optim zation criteria directly inthe RPCto allowit to be used
i ndependent | y.

Appendi x B. JSON Exanpl e
B.1. VN JSON

Thi s section provides JSON exanpl es of how the VN YANG data nodel and
TE Topol ogy YANG data npdel are used together to instantiate a VN

The exanmple in this section includes the foll ow ng VNs:

* VN1 (Type 1): This VN naps to the single node topol ogy abstractl
and consists of VN nenbers 104 (L1 to L4), 107 (L1 to L7), 204 (L2
to L4), 308 (L3 to L8), and 108 (L1 to L8).

* VN2 (Type 2): This VN maps to the single node topol ogy abstract2;
this topol ogy has an underl ay topol ogy (called underlay). This VN
has a single VN nmenber 105 (L1 to L5) and an underlay path (S4 and
S7) has been set in the connectivity matrix of the abstract2
t opol ogy;

* VN3 (Type 1): This VN has a multi-source and nulti-destination
feature enabl ed. VN nenber 106 (L1 to L6) and 107 (L1 to L7)
showcase nulti-dest and VN nenber 108 (L1 to L8) and 308 (L3 to
L8) showcase the multi-src feature. The selected VN nenber is
known via the field "if-selected" and the correspondi ng
connectivity-matrix-id.

L1---104---L4 L1---105---L5 L1---106- - - L6( md)
L1---107---L7 Under | ay Pat h: L1---107---L7(md)
L2---204---L4 (S4 and S7) L1---108---L8(ms)
L3---308---L8 L3- - - 308- - - L8( ns)

L1---108---L8

VN1 VN2 VN3

Fi gure 11: Exanple



Not e that the VN YANG data nopdel al so includes the AP and VNAP, which
shows various VNs using the sane AP.

"ietf-vn:access-point": {
“ap": |

"id": "101",
"vn-ap": [

"id": "10101",

"vn": "1",

"abstract-node": "192.0.2.1",
"Itp": "203.0.113.11"

"id": "10102",

"vn": "2",

"abstract-node": "192.0.2.2",
"Itp": "203.0.113.12"

"id": "10103",

"vn": "3",

"abstract-node": "192.0.2.3",
"Itp": "203.0.113.13"

"id": "202",
"vn-ap": [

"id": "20201",

"vn": "1",

"abstract-node": "192.0.2.1",
"ltp": "203.0.113.21"

"id": "303",
"vn-ap": [

n | du : n 30301u ,
VT

"abstract-node": "192.0.2.1",
"ltp": "203.0.113. 31"

"id": "30303",

"vn": "3",

"abstract-node": "192.0.2.3",
"ltp": "203.0.113.33"

n i dll : n 404" ,
vn-ap": [

" | du : " 40401" ,
nyptsot1v

"abstract-node": "192.0.2.1",
"ltp": "203.0.113.41"



]
IS
{

"id": "505",
"vn-ap": [

"id": "50502",
"vn": "2",
"abstract-node": "192.0.2.2",
"ltp": "203.0.113.52"
}
]
b,
{

"id": "606",
"vn-ap": [

"id": "60603",
"vn": "3",
"abstract-node": "192.0.2.3",
"ltp": "203.0.113.63"
}
]
b,
{

"id": "7o7",
"vn-ap": [

"id": "70701",

"vn": "1",

"abstract-node": "192.0.2.1",
"Itp": "203.0.113. 71"

"id": "70703",

"vn": "3",

"abstract-node": "192.0.2.3",
"Itp": "203.0.113.73"

"id": "808",
"vn-ap": [

"id": "80801",

"vn": "1",

"abstract-node": "192.0.2.1",
"ltp": "203.0.113.81"

"id": "80803",
"vn": "3",
"abstract-node": "192.0.2.3",
"ltp": "203.0.113.83"
}
]
}

]
b _
"ietf-vn:virtual -network": {
"vn": [
L,
idUoo "1,
"te-topol ogy-identifier": {
"topol ogy-id": "abstract1"



o ——

} ]
"abstract-node": "192.0.2.1",

"vn- menber": |
{
"id": "104",
"src": {
"ap": "101",
"vn-ap-id": "10101"
b
"dest": {
"ap": "404",
"vn-ap-id": "40401"
}

onnectivity-matrix-id": 10104

" i dll : " 107" ,
"src":
"ap": "101",
"vn-ap-id": "10101"
}1
"dest": {
" apII : " 707" ,
"vn-ap-id": "70701"
}

onnectivity-matrix-id": 10107

"id": "204",
"src": {
"ap": "202",
"vn-ap-id": "20201"
b
"dest": {
"ap": "404",
"vn-ap-id": "40401"
b,

"connectivity-matrix-id": 10204

" i dll : " 308" ,
"src": {
"ap": "303",
"vn-ap-id": "30301"
}1
"dest": {
" apII : " 808" ,
"vn-ap-id": "80801"
}

onnectivity-matrix-id": 10308

"id": "108",
"src":
"ap": "101",
"vn-ap-id": "10101"
b,
"dest": {
"ap": "808",
"vn-ap-id": "80801"
}

onnectivity-matrix-id": 10108



idUso 2",

"te-topol ogy-identifier": {
"t opol ogy-id": "abstract2"

}

"1bstract-node": "192.0.2.2",
"vn- menber": |

“id": "105",
"src": |
"ap": "101",
"vn-ap-id": "10102"
},
"dest": {
"ap": "505",
"vn-ap-id": "50502"
},
"connectivity-matrix-id":
}
]
H
{

“id': "3",

"te-topol ogy-identifier": {
"topol ogy-id": "abstract 3"

}

",bstract—node": "192.0.2.3",
"vn- menber": |

"id": "106",
"src": {
"ap": "101",
"vn-ap-id": "10103"
b
"dest": {
"ap": "606",
"vn-ap-id": "60603",
"mul ti-dest": true
b,
"connectivity-matrix-id":
"if-selected": fal se

"id": "107",
"src": |
"ap": "101",
"vn-ap-id": "10103"
b,
"dest": {
"ap": "707",
"vn-ap-id": "70703",
"mul ti-dest": true
I
"connectivity-matrix-id":
"if-selected": true

b
{

"id': "108",
"src":
"ap": "101",
"vn-ap-id": "10103",
"mul ti-src": true
b,
"dest": {
"ap": "808",
"vn-ap-id": "80803",
b,

20105

30106,

30107,



B. 2.

"connectivity-matrix-id": 30108,
"if-selected": false

b,
{
"id": "308",
"src": {
"ap": "303",
"vn-ap-id": "30303",
"mul ti-src": true
I
"dest": {
"ap": "808",
"vn-ap-id": "80803"
b,
"connectivity-matrix-id": 30308,
"if-selected": true
}

TE Topol ogy JSON

This section provides JSON exanpl es of the various TE topol ogy
i nst ances.

The exanple in this section includes the foll owing TE Topol ogi es:

*

abstract1l: a single node TE topol ogy referenced by VNI. W al so
show how di sj oi nt ness (node, link, Shared R sk Link Goup (SRLG)
is supported in the exanple on the connectivity matrices.

abstract2: a single node TE topology referenced by VN2 with an
under | ay pat h.

underlay: the topology with nultiple nodes (in the underlay path
of abstract2). For brevity, the exanple includes only the node:
ot her paraneters are not included.

abstract3: a single node TE topol ogy referenced by VNS3.

"ietf-network: networks": {
"network": [
{
"networ k-types": {
"ietf-te-topol ogy:te-topology": {}
}

"network-id": "exanple:abstract1l",
"ietf-te-topol ogy:te-topology-identifier": {
"provider-id": O,
"client-id": O,
"topol ogy-id": "exanple:abstract1"
}

",ode": [

"node-id": "example:192.0.2.1",
"ietf-network-topol ogy:termnation-point": [

"tp-id": "exanple:1-0-1",
"ietf-te-topology:te-tp-id": "203.0.113. 11"
} i)
{

"tp-id": "exanple:1-0-2",



"ietf-te-topology:te-tp-id": "203.0.113. 21"

}1
{ .
"tp-id": "exanple:1-0-3",
"ietf-te-topology:te-tp-id": "203.0.113. 31"
}1
{ .
"tp-id": "exanple:1-0-4",
"ietf-te-topology:te-tp-id": "203.0.113.41"
}1
{ _
"tp-id": "exanple:1-0-7",
"ietf-te-topology:te-tp-id": "203.0.113.71"
}1
{ .
"tp-id": "exanple:1-0-8",
"ietf-te-topology:te-tp-id": "203.0.113. 81"
}
]1

"ietf-te-topol ogy:te-node-id": "192.0.2.1",
"ietf-te-topology:te": {
"te-node-attributes": {
"domai n-id": 1,
"is-abstract": [
nul |
1,
"connectivity-matrices": {
"is-allowed": true,
"pat h-constraints": {
"te-bandwi dth": {
"generic": "Ox1lpl0"

}1
"di sjointness": "node link srlg"
}1
"connectivity-matrix": [
"id": 10104,
"from': {
"tp-ref": "exanple:1l-0-1"
Iltoll:
"tp-ref": "exanple:1-0-4"
}
}1
{
"id": 10107,
"from': {
"tp-ref": "exanple:1-0-1"
}1
"to": {
"tp-ref": "exanple:1l-0-7"
}
}1
.
"id": 10204,
"from': {
"tp-ref": "exanple:1l-0-2"
Iltoll:
"tp-ref": "exanple:1-0-4"
}
}1
{
"id": 10308,
"from': {

"tp-ref": "exanple:1-0-3"



to": {
"tp-ref": "exanple: 1l-0-8"

}
b
{
"id": 10108,
"from': {
"tp-ref": "exanple:1l-0-1"
"to":
"tp-ref": "exanple:1-0-8"
}
}
]
}
}
}
}
]
H
{

"net wor k-types": {
"ietf-te-topol ogy:te-topology": {}
},
"network-id": "exanpl e:abstract2",
"ietf-te-topol ogy:te-topology-identifier": {
"provider-id": O,
"client-id": O,
"topol ogy-id": "exanple: abstract 2"

"hode": [

"node-id": "exanple:192.0.2.2",
"ietf-network-topol ogy:termination-point": [

"tp-id": "exanple:2-0-1",
"ietf-te-topology:te-tp-id": "203.0.113. 12"
} i)
{

"tp-id": "exanple:2-0-5",

"ietf-te-topology:te-tp-id": "203.0.113.52"
]}
"ietf-te-topol ogy:te-node-id": "192.0.2.2",
"ietf-te-topology:te": {

"te-node-attributes": {
"domai n-id": 1,
"is-abstract": [
nul |

1,

"connectivity-matrices": {
"is-allowed": true,
"underl ay": {

"enabl ed": true
H
"pat h-constraints": {
"te-bandw dth": {
"generic": "Ox1lpioO"
}

ptimzations": {

"obj ective-function": {
"obj ective-function-type":
"ietf-te-types: of -maxi m ze-resi dual - bandwi dt h"

}



3,

"ietf-te-topol ogy: connectivity-matrix": [

"id": 20105,
"from': {
"tp-ref": "exanple:2-0-1"
},
"to": {
"tp-ref": "exanple: 2-0-5"
},
"underlay": {
"enabl ed": true,
"primary-path": {
"network-ref": "exanple:underlay",
"pat h-el enent": |
"path-elenent-id": 1
"nhunmber ed- node- hop"
"node-id": "198.51.100. 44",
"hop-type": "strict"
H
{
"pat h-el enent-id": 2,
"nunber ed- node- hop"
"node-id": "198.51.100.77",
"hop-type": "strict"
}
]
}
}
}
]
}
}
}
}
]
H
{

"networ k-types": {
"ietf-te-topol ogy:te-topology": {}
}

"network-id": "exanpl e:underl ay",
"ietf-te-topol ogy:te-topology-identifier": {
"provider-id": O,
"client-id": O,
"topol ogy-id": "exanple:underl ay”
"node": |

"node-id": "exanple:198.51.100.11",
"ietf-te-topol ogy:te-node-id": "198.51.100.11"

b
{

"node-id": "exanple:198.51. 100. 22",
"ietf-te-topol ogy:te-node-id": "198.51.100.22"
} 1

{
"node-id": "exanple:198.51.100. 33",

"ietf-te-topol ogy:te-node-id": "198.51.100. 33"
} i)
{

"node-id": "exanple:198.51. 100. 44",
"ietf-te-topol ogy:te-node-id": "198.51.100. 44"



o)

}
{

H
{

b
{

}
{

"node-id": "exanple:198.51.100. 55",
"ietf-te-topol ogy:te-node-id": "198.51.100.55"

"node-id": "exanple:198.51. 100. 66",
"ietf-te-topol ogy:te-node-id": "198.51.100. 66"

"node-id": "exanple:198.51.100. 77",
"ietf-te-topol ogy:te-node-id": "198.51.100.77"

"node-id": "exanple:198.51. 100. 88",
"ietf-te-topol ogy:te-node-id": "198.51.100. 88"

"node-id": "exanple:198.51. 100. 99",
"ietf-te-topol ogy:te-node-id": "198.51.100.99"

"networ k-types": {

}

}

etf-te-topol ogy:te-topol ogy": {}

etwork-id": "exanple:abstract3",
"ietf-te-topol ogy:te-topology-identifier": {
"provider-id": O,

"client-id": O,

"topol ogy-id": "exanple: abstract 3"

’ode": [

{

"node-id": "example:192.0.2.3",
"ietf-network-topol ogy:termnation-point": [
{
"tp-id": "exanple:3-0-1",
"ietf-te-topology:te-tp-id": "203.0.113. 13"

}1
{ _
"tp-id": "exanple:3-0-3",
"ietf-te-topology:te-tp-id": "203.0.113. 33"
}1
{ .
"tp-id": "exanple:3-0-6",
"ietf-te-topology:te-tp-id": "203.0.113.63"
}1
{ .
"tp-id": "exanple:3-0-7",
"ietf-te-topology:te-tp-id": "203.0.113.73"
}1
{ _
"tp-id": "exanple:3-0-8",
"ietf-te-topology:te-tp-id": "203.0.113.83"
}

1,
"ietf-te-topol ogy:te-node-id": "192.0.2.3",
"ietf-te-topology:te": {
"te-node-attributes": {
"domai n-id": 3,
"is-abstract": [
nul |
]

onnectivity-matrices": {



"is-allowed": true,
"pat h-constraints": {
"te-bandwi dth": {
"generic": "Ox1lpioO"

}
},
"connectivity-matrix": [
"id": 30107,
"from': {
"tp-ref": "exanple:3-0-1"
b
"to": {
"tp-ref": "exanple:3-0-7"
}
H
{
"id": 30106,
"from': {
"tp-ref": "exanple: 3-0-1"
},
"to": {
"tp-ref": "exanple: 3-0-6"
}
b
{
"id": 30108,
"from': {
"tp-ref": "exanple:3-0-1"
},
"to": {
"tp-ref": "exanple: 3-0-8"
}
H
{
"id": 30308,
"from': {
"tp-ref": "exanple: 3-0-3"
},
"to": {
"tp-ref": "exanple: 3-0-8"
}
}
]
}
}
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