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Abstract

Thi s docunent provides a YANG data nodel for the Abstraction and
Control of Traffic Engineered (TE) networks (ACTN) Virtual Network
Servi ce (VNS) operation.
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1. Introduction

Thi s docunment provides a YANG data nodel for the Abstraction and
Control of Traffic Engineered (TE) networks (ACTN) Virtual Network
Service (VNS) operation that is going to be inplenented for the
Custonmer Network Controller (CNC)- Milti-Domain Service Coordi nat or
(MSDC) interface (CM).

The YANG nodel on the CM is also known as custoner service nodel in
[ RFC8309]. The YANG nodel discussed in this docunent is used to
operate custoner-driven VNs during the VN instantiation, VN
conputation, and its life-cycle service managenent and operati ons.

The VN nodel defined in this docunment can al so work together with
ot her custoner service nodels such as L3SM [ RFC8299], L2SM [L2SM
and L1CSM [L1CSM to provide a conplete life-cycle service
managenent and operations.

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

0 Characteristics of Access Points (APs) that describe custoner’s
end point characteristics;

0 Characteristics of Virtual Network Access Points (VNAP) that
describe How an AP is partitioned for nultiple VNs sharing the AP
and its reference to a Link Term nation Point (LTP) of the
Provi der Edge (PE) Node;

0 Characteristics of Virtual Networks (VNs) that describe the
customer’s VNs in terms of VN Menbers conprising a VN, nulti-
source and/or nulti-destination characteristics of VN Menber, the
VN s reference to TE-topol ogy’ s Abstract Node;

The actual VN instantiation and conputation is perforned with
Connectivity Matrices sub-nodul e of TE-Topol ogy Mddel [ TE-Topo]
whi ch provi des TE network topol ogy abstraction and nmanagenent
operation. Once TE-topol ogy Model is used in triggering VN
instantiation over the networks, TE-tunnel [TE-tunnel] Model will
inevitably interact with TE-Topol ogy nodel for setting up actual
tunnel s and LSPs under the tunnels.
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The ACTN VN operational state is included in the sane tree as the
configuration consistent with Network Management Dat astore
Architecture (NVDA) [NVDA]. The origin of the data is indicated as
per the origin netadata annotation.

1.1. Term nol ogy

Refer to [ACTN-Frane], [RFC7926], and [RFC8309] for the key terns
used in this docunent.

2. ACTN CM cont ext

The nodel presented in this docunent has the foll owi ng ACTN cont ext.

Figure 1. ACTN CM

Bot h ACTN VN YANG and TE-topol ogy nodels are used over the CM to
establish a VN over TE networKks.

2.1. Type 1 WN

As defined in [ACTN-FW, a Virtual Network is a custoner view of the
TE network. To recapitulate VN types from[ACTN-FW, Type 1 VNis
defined as foll 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 forned
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

Lee, et al. Expi res Decenber 2018 [ Page 4]



Internet-Draft ACTN VN YANG Mbdel June 2018

customer’s network, access links, intra-domain paths, and inter-
domai n |inks.

If we were to create a VN where we have four VN-nenbers as fol |l ows:

VN- Menmber 1 L1-L4
VN- Menmber 2 L1-L7
VN- Menber 3 L2-L4
VN- Menber 4 L3-L8

Where L1, L2, L3, L4, L7 and L8 correspond to a Custoner
End- Poi nt, respectively.

This VN can be nodel ed as one abstract node representation as
follows in Figure 2:

o m e oo e - +
Ll ------ | [ ------ L4
L2 ------ | AN 1 |------ L7
L3 ------ | |------ L8

oo +

Figure 2. Abstract Node (One node topol ogy)

Modeling a VN as one abstract node is the easiest way for custoners
to express their end-to-end connectivity; however, custoners are not
limted to express their VN only with one abstract node. In sone
cases, nore than one abstract nodes can be enployed to express their
VN.

2.2. Type 2 VN

For some VN nmenbers of a VN, the custonmers are allowed to configure
the actual path (i.e., detailed virtual nodes and virtual [inks)
over the VN abstract topol ogy agreed nutually between CNC and MDSC
prior to or a topology created by the MDSC as part of VN
instantiation. Type 2 VNis always built on top of a Type 1 VN

If a Type 2 VN is desired for sone or all of VN nenbers of a type 1
VN (see the exanple in Section 2.1), the TE-topol ogy nodel can
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provide the foll owi ng abstract topology (that consists of virtua
nodes and virtual links) which is built on top of the Type 1 VN

o o e e e e e e meeee oo +
| Ss1 s2 |
| o o) |
| I\ \ |
| / \ \ |
|S3 / \ 4 \ S5 |
R o (o (o N |------ L4
R \ \ |
| \ \ \ |
| \ S6 \ s7 \ S8 |
| (o J (o W (o WA [ --o--- L7
| I\ v |
SO / \ /S10 \ / |
L2----- I o S o S o N |------ L8
|/ s11 |
L3-----]-- |
I I
o o e e e e e oo oo +

Figure 3. Type 2 topol ogy

As you see fromFigure 3, the Type 1 abstract node is depicted as a
Type 1 abstract topol ogy conprising of detailed virtual nodes and
virtual 1inks.

As an exanple, if VN-nenber 1 (L1-L4) is chosen to configure its own
path over Type 2 topology, it can select, say, a path that consists
of the ERO {S3, $4, S5} based on the topology and its service
requirenent. This capability is enacted via TE-topol ogy
configuration by the custoner.
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3.1. Type 1 VN Illustration

ACTN VN YANG Model
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nmpl es

If we were to create a VN where we have four VN-nenbers as fol |l ows:

VN- Menber
VN- Menber
VN- Menber
VN- Menber

AWN P

Where L1, L2, L3, L4, L7
respectively.

and L8 correspond to Customer

L1-L4
L1-L7
L2-L4
L3-L8

End- Poi nt

This VN can be nodel ed as one abstract node representation as

foll ows:
Femm e e e ==
L1 ------ |
L2 ------ | AN 1
L3 ------ |
e,

If this VWNis Type 1, the follow

-4
[---n-- L4
[------ L7
[------ L8

-4

ng di agram shows the nmessage fl ow

between CNC and MDSC to instantiate this VN using ACTN VN and TE-

Topol ogy Model .

CNC POST TE-topo
nmodel (wi th Conn.
Matri x on one
Abstract node

CNC PCST the ACTN] POST /ACTN VN
VN identifying [
AP, VNAP and VN |

Menbers and maps |

Lee, et al.

POST / nw. net wor ks/ nw. net wor k/

matrices/tet:connectivity-matrix

Expi res Decenber 2018

o m e e oo +
| WMDSC |
Fomm e - - +
|
|
nw. node/t e-node-i d/tet:connectivity- |
I
------------------------- >|
HTTP 200 |
_________________________ |
I
| .
------------------------ > If there is

mul ti-dest’'n
nmodul e, then
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to the TE-topo HTTP 200 |

CNC GET the ACIN
VN YANG st at us R >|

I

| HTTP 200 (ACTN VN wi th status: sel ected|
| VN-menbers in case of multi s-d |
I
I

3. 2. Type 2 VN Illustration

ne 2018

MDSC sel ects a
src or dest’'n
and update
ACTN VN YANG

For some VN nenbers, the custoner nay want to "configure" explicit

routes over the path that connects its two end-points. Let us
consi der the follow ng exanple.

VN- Menmber 1 L1-L4

VN- Menber 2 L1-L7 (via S4 and S7)
VN- Menber 3 L2-L4

VN- Menber 4 L3-L8 (via S10)

Where the follow ng topology is the underlay for Abstraction
(AN1) .

S1 S2
O----mmeeee - O
/A \
/ \ \
S3 / \ &4 \ S5
L1------ O R R L R O---nn--- O R
\ \ \
\ \ \
\ S6 \ 7 \ S8
O - o-------- O---------
/I \ / \ /I \

Node 1
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S9 / \ /S10 \
L2--mmmmn- o S o N o L7
/ S11\ L8

If CNC creates the single abstract topol ogy, the follow ng diagram
shows the message fl ow between CNC and MDSC to instantiate this VN
usi ng ACTN VN and TE- Topol ogy Mbdel .

| |
CNC POST TE-topo | POST /nw net wor ks/ nw. net wor k/ |
nodel (with Conn. | nw node/te-node-id/tet:connectivity- [
Matri x on one | matrices/tet:connectivity-matrix |
Abstract node and|---------------““-““-“““““-------- >|
Explicit paths in| [
The conn. Matrix | HTTP 200 |

CNC PCST the ACTN] PGST / ACTN VN

VN i denti fying I i >
AP, VNAP and VN
Menbers and maps
to the TE-topo

CNC GET the ACIN
VN YANG st at us R >

On the other hand, if MDSC create single node topol ogy based ACTN VN
YANG posted by the CNC, the foll owi ng di agram shows the nessage fl ow
bet ween CNC and MDSC to instantiate this VN using ACTN VN and TE-
Topol ogy Model .
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CNC POST ACTN VN
I dentifying AP,
VNAP and VN-
Menber s

CNC POST the ACTN|

VN i denti fying
AP, VNAP and VN
Menbers and maps
to the TE-topo

CNC GET the ACTN
VN YANG st at us

ACTN VN YANG Model June 2018

by itself

POST / ACTN VN [

MDSC popul at es
a single Abst.
node t opol ogy

4. Justification of the ACTN VN Model on the CM.
4.1. Custoner view of VN

The VN Yang nodel

allows to define a custoner view, and allows the

customer to communi cate using the VN constructs as described in the

[ ACTN | NFQ .

It also allows to group the set of edge-to-edge |inks

(i.e., VN nenbers) under a common unbrella of VN. This allows the

custonmer to instantiate and view the VN as one entity,

making it

easier for sone custoners to work on VN wi thout worrying about the

details of the provider based YANG nodel s.

This is simlar to the benefits of having a separate YANG nodel for

the customer services as described in [ SERVI CE- YANG,

whi ch states

that service nodels do not nmake any assunption of how a service is

actual ly engi neered and delivered for a custoner.

Lee, et al. Expi res Decenber 2018
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4.2. Innovative Services
4.2.1. VN Conpute

ACTN VN supports VN conmpute (pre-instantiation node) to view the
full VN as a single entity before instantiation. Achieving this via
pat h conputation or "conpute only" tunnel setup does not provide the
same functionality.

4.2.2. Miulti-sources and Multi-destinations

In creating a virtual network, the list of sources or destinations
or both may not be pre-deternined by the custoner. For instance, for
a given source, there nay be a list of multiple-destinations to

whi ch the optimal destination may be chosen dependi ng on the network
resource situations. Likewi se, for a given destination, there may

al so be multiple-sources fromwhich the optimal source nay be
chosen. I n sone cases, there may be a pool of nultiple sources and
destinations fromwhich the optimal source-destination nmay be
chosen. The followi ng YANG nodul e i s shown for describing source
contai ner and destination container. The follow ng YANG tree shows
how to nodel multi-sources and nulti-destinations.

+--rw actn

+--rw vn

+-rwvn-list* [vn-id]

+-rwvn-id ui nt 32

+--rw vn- nane? string

+--rw vn-topol ogy-i d? te-types:te-topol ogy-id

+--rw abstract - node? -> [/ nw net wor ks/ net wor k/ node/ tet:te-node-id

+--rw vn-nmenber-1list* [vn-nenber-id]

| +--rw vn-nenber-id ui nt 32

| +--rwsrc

| | +--rwsrc? -> [actn/ap/ access-point-list/access-po
int-id

| | +--rwsrc-vn-ap-id? -> /actn/ap/access-point-Ilist/vn-ap/vn-
ap-id

| | +--rwmulti-src? bool ean {rmulti-src-dest}?

| +--rw dest

| | +--rw dest? -> [actn/ap/access-point-list/access-p
oi nt -
id

| | +--rwdest-vn-ap-id? -> /actn/ap/access-point-list/vn-ap/vn
-ap-id

| | +--rwnulti-dest? bool ean {nulti-src-dest}?

Lee, et al. Expi res Decenber 2018 [ Page 11]
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| +--rwconnetivity-matrix-id? -> /nw networks/network/node/tet:
telte-
node-attri butes/connectivity-matrices/connectivity-matrix/id

| +--ro oper-status? i dentityref

+--ro if-sel ected? bool ean {rmulti-src-dest}?

+--rw admi n-status? i dentityref

+--ro oper-status? i dentityref

4.2.3. Ohers

The VN Yang nodel can be easily augnented to support the napping of
VN to the Services such as L3SM and L2SM as described in [ TE- MAP].

The VN Yang nodel can be extended to support telenetry, performance
nmoni toring and network autonom cs as described in [ACTN-PM.

4.3. Sunmmary
This section sunmarizes the innovative service features of the ACTN
VN Yang.
o0 Mai ntenance of AP and VNAP al ong with VN
0 VN construct to group of edge-to-edge links
0 VN Conpute (pre-instantiate)
o Multi-Source / Multi-Destination
0 Ability to support various VN and VNS Types
* VN Type 1: Custoner configures the VN as a set of VN
Menber s.
No other details need to be set by customer, making for a
simplified operations 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 Model
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5. ACTN VN YANG Model (Tree Structure)

nodul e: ietf-actn-vn
+--rw actn

+--rw ap
| +--rw access-point-list* [access-point-id]
| +--rw access-point-id ui nt 32
[ +--rw access- poi nt - nane? string
| +--rw nmax- bandwi dt h? te-types:te-bandwi dth
| +--rw avl - bandwi dt h? te-types:te-bandwi dth
| +--rw vn-ap* [vn-ap-id]
| +--rwvn-ap-id ui nt 32
| +--rw vn? -> [actn/vn/vn-list/vn-id
[ +--rw abstract-node? ->
/ nw. net wor ks/ net wor k/ node/tet:te-node-id
| +--rw ltp? te-types:te-tp-id
+--rwvn
+-rwvn-list* [vn-id]
+-rwvn-id ui nt 32
+--rw vn- nane? string
+--rw vn-topol ogy-i d? te-types:te-topol ogy-id
+--rw abstract - node? ->

/ nw; net wor ks/ net wor k/ node/ tet:te-node-id
+--rw vn-nenber-list* [vn-nmenber-id]

| +--rw vn-nenber-id ui nt 32

| +--rwsrc

| | +--rwsrc? -> [actn/ap/ access- poi nt -
list/access-point-id

| | +--rwsrc-vn-ap-id? -> [actn/ap/ access- poi nt -
list/vn-ap/vn-ap-id

| | +--rwmulti-src? bool ean {rmulti-src-dest}?

| +--rw dest

| | +--rwdest? -> [actn/ ap/ access- poi nt -

list/access-point-id
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| | +--rw dest-vn-ap-id? -> [actn/ ap/ access- poi nt -
list/vn-ap/vn-ap-id

| | +--rwnulti-dest? bool ean {rmulti-src-dest}?

| +--rwconnetivity-matrix-id? ->

/ nw; net wor ks/ net wor k/ node/tet:te/te-node-attributes/connectivity-
matrices/connectivity-matrix/id

| +--ro oper-status? i dentityref

+--ro if-sel ected? bool ean {rmulti-src-dest}?
+--rw adm n-stat us? i dentityref

+--ro oper-status? i dentityref

+--rw vn-| evel -diversity? vn-di sj oi nt ness

rpcs:
+---X vn-conpute
+---w i nput
| +---w abstract-node? ->
/ nw. net wor ks/ net wor k/ node/ tet:te-node-id
| +---wvn-nenber-list* [vn-nenber-id]

| | +---wvn-nmenber-id ui nt 32

| | +---wsrc

| | | +---wsrc? -> [actn/ap/ access- poi nt -
list/access-point-id

| | | +---wsrc-vn-ap-id? -> [actn/ ap/ access- poi nt -
list/vn-ap/vn-ap-id

| | | +---wmlti-src? bool ean {rmulti-src-dest}?

| | +---w dest

| | | +---wdest? -> [actn/ap/ access- poi nt -
list/access-point-id

| | | +---wdest-vn-ap-id? -> [actn/ap/ access- poi nt -
list/vn-ap/vn-ap-id

| | | +---wnulti-dest? bool ean {rmulti-src-dest}?

| | +---wconnetivity-matrix-id? ->

/ nw. net wor ks/ net wor k/ node/tet:te/te-node-attributes/connectivity-
mat ri ces/ connectivity-matrix/id
| +---wvn-level-diversity? vn-di sj oi nt ness
+--ro out put
+--ro vn-nmenber-1list* [vn-nenber-id]

+--ro vn-nenber-id ui nt 32
+--r0 src
| +--ro src? -> [actn/ap/ access- poi nt -

list/access-point-id
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| +--ro src-vn-ap-id? -> [actn/ ap/ access- poi nt -
list/vn-ap/vn-ap-id

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

+--ro dest

| +--ro dest? -> [actn/ap/ access- poi nt -
list/access-point-id

| +--ro dest-vn-ap-id? -> [actn/ap/ access- poi nt -
list/vn-ap/vn-ap-id

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

+--ro connetivity-matrix-id?

->

/ nw; net wor ks/ net wor k/ node/tet:te/te-node-attributes/connectivity-
matrices/connectivity-matrix/id

+--ro0 if-sel ected?

dest}?

+--ro conpute-status?

6. ACTN- VN YANG Code

The YANG code is as foll ows:

bool ean {rmulti-src-

i dentityref

<CODE BEG NS> file "ietf-actn-vn@018-02-27.yang"

nodul e ietf-actn-vn {
namespace "urn:ietf:parans: xm :ns:yang:ietf-actn-vn";

Lee,

prefix "vn";

/* Inmport network */

import ietf-network {
prefix "nw'

}

/* Inmport TE generic types */
inmport ietf-te-types {

prefix "te-types";
}

/* Import Abstract TE Topol ogy */
import ietf-te-topology {

prefix "tet";
}

organi zati on

et al. Expi res Decenber 2018
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"I ETF Traffic Engineering Architecture and Signaling (TEAS)
Wor ki ng Group”;
cont act
"Editor: Young Lee <I|eeyoung@uawei.conp
Dhruv Dhody <dhruv.ietf@nail.conp";
description
"This nodul e contains a YANG nodul e for the ACTN VN. It
describes a VN operation nodule that takes place in the
context of the CNC-MDSC Interface (CM) of the ACTN
architecture where the CNC is the actor of a VN
Instantiation/ nodification /deletion."
revision 2018-02-27 {
description
“initial version.";
ref erence
"TBD';

*

* Features
*/
feature nulti-src-dest {
description
"Support for selection of one src or destination
among nultiple.";

~——

}

/[*identity path-netric-delay {
base te-types: path-netric-type
description

"delay path netric";

identity path-metric-del ay-variation {
base te-types: path-netric-type
description
"del ay-variation path netric"

identity path-metric-1oss {
base te-types: path-netric-type
description
"l oss path nmetric";
pel

identity vn-state-type {

description
"Base identity for VN state";

Lee, et al. Expi res Decenber 2018 [ Page 16]



Internet-Draft ACTN VN YANG Mbdel June 2018

}

identity vn-state-up {
base vn-state-type;
description "VN state up";

}

identity vn-state-down {
base vn-state-type;
description "VN state down";

identity vn-adm n-state-type {
description
"Base identity for VN admi n states";

identity vn-adm n-state-up {
base vn-adni n-state-type;
description "VN adnministratively state up”;

identity vn-adm n-state-down {
base vn-adni n-state-type;
description "VN adm nistratively state down";

identity vn-conpute-state-type {
description
"Base identity for conpute states";

identity vn-conpute-state-conputing {
base vn-conput e- st at e-t ype;
description

"State path conpute in progress”;

}

i dentity vn-conpute-state-conputation-ok {
base vn-comnput e- st at e-t ype;
description

"State path conpute successful”;

identity vn-conpute-state-conputatione-failed {
base vn-conput e-state-type;
description
"State path conpute failed";
}
/*
G oupi ngs
*/

typedef vn-disjointness {

Lee, et al. Expi res Decenber 2018 [ Page 17]



Internet-Draft ACTN VN YANG Mbdel June 2018

type bits {
bit node {
position O;
description "node disjoint";

}
bit link {
position 1;
description "link disjoint";
}
bit srlig{
position 2;
description "srlg disjoint";
}

}

description
"type of the resource disjointness for
VN | evel applied across all VN nenbers
ina VN';
}

groupi ng vn-ap {
description
"VNAP related information";
| eaf vn-ap-id {
type uint32;
description
"unique identifier for the referred
VNAP" ;

| eaf vn {
type leafref {
path "/actn/vn/vn-list/vn-id";
}

description
"reference to the VN';

| eaf abstract-node {

type leafref {
pat h "/ nw networ ks/ nw. net wor k/ nw. node/ "
+ "tet:te-node-id";
}

description
"a reference to the abstract node in TE
Topol ogy";
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leaf Itp {
type te-types:te-tp-id;
description
"Reference LTP in the TE-topol ogy";
}
}
groupi ng access- poi nt {
description
"AP rel ated information";
| eaf access-point-id {
type uint32;
description
"unique identifier for the referred
access point";

}
| eaf access-point-nane {
type string;
description
"ap nane";
}

| eaf max-bandwi dth {
type te-types:te-bandwi dth
description
"max bandwi dth of the AP";
}
| eaf avl-bandw dth {
type te-types:te-bandwi dth
description
"avai |l abl e bandwi dth of the AP"

/*add details and any other properties of AP,
not associated by a VN
CE port, PE port etc.
*/
list vn-ap {

key vn-ap-id;

uses vn-ap;

description

"list of VNAP in this AP*;

}//access- poi nt
groupi ng vn- menber {
description
"vn-nmenber is described by this container”
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| eaf vn-menber-id {
type uint32;
description
"vn-nmenber identifier";

}
cont ai ner src
{
description
"the source of VN Menber";
| eaf src {
type leafref {
path "/actn/ap/access-point-list/access-point-id";
}
description
"reference to source AP';
}
| eaf src-vn-ap-id{
type leafref {
path "/actn/ap/access-point-list/vn-ap/vn-ap-id";
}
description
"reference to source VNAP";
}
leaf multi-src {
if-feature nulti-src-dest;
type bool ean;
description
"I's source part of nulti-source, where
only one of the source is enabl ed";
}
}
cont ai ner dest
{

description
"the destination of VN Menmber"”;
| eaf dest {
type leafref {
path "/actn/ap/access-point-list/access-point-id";
}

description
"reference to destination AP";

| eaf dest-vn-ap-id{

type leafref {
pat h "/actn/ap/access-point-list/vn-ap/vn-ap-id";
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}

description
"reference to dest VNAP';

| eaf multi-dest {
if-feature nulti-src-dest;
type bool ean;
description
"I's destination part of multi-destination, where
only one of the destination is enabl ed"
}
}
| eaf connetivity-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
"reference to connetivity-matrix";

Y/ /vn- menber
/*
groupi ng policy {
description
"policy related to vn-nenber-id";
| eaf local-reroute {
type bool ean;
description
"Policy to state if reroute
can be done locally";

| eaf push-allowed {
type bool ean;
description
"Policy to state if changes
can be pushed to the custoner”;
}
| eaf increnental -update {
type bool ean;
description
"Policy to allow only the
changes to be reported”;
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Y/ /policy
*/

groupi ng vn-policy {
description
"policy for VN-Ilevel diverisity";
| eaf vn-level-diversity {
type vn-di sj oi nt ness;
description
"the type of disjointness on the VN | eve
(i.e., across all VN nenbers)";

}
/*
groupi ng netrics-op {
description
"metric related information"
list metric{
key "netric-type";
config fal se
description
"The list of metrics for VN
| eaf metric-type {
type identityref {
base te-types: path-netric-type
}

description
"The VN netric type.";

| eaf val ue{
type uint32;
description
"The limt value";

}
*/
/*
grouping netrics {
description
"metric related information"
list metric{
key "nmetric-type";
description
"The list of metrics for VN'
uses te:path-nmetrics-bounds_config;
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cont ai ner optim ze{
description
"optimzing constraints”
| eaf enabl ed{
type bool ean;
description
"Metric to optimze";

}
| eaf val ue{
type uint32;
description
"The conput ed val ue";
}
}
}
}
*/
/*

groupi ng service-nmetric {
description
"service-netric";
uses te: pat h-objective-function_config;
uses netrics;
uses te-types: conmon-constraints_config;
uses te:protection-restoration-parans_config;
uses policy;
}//service-netric
*
.
* Configuration data nodes
*/
contai ner actn {
description
"actn is described by this container”;
contai ner ap {
description
"AP configurations"
list access-point-list {
key "access-point-id";
description
"access-point identifier";
uses access-poi nt{
description
"access-point information";
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}
}

contai ner vn {
description
"VN configurations";
list vn-list {
key "vn-id";
description
"a virtual network is identified by a vn-id";
| eaf vn-id {
type uint32;
description
"a unique vn identifier";
}
| eaf vn-nane {
type string;
description "vn nane";

| eaf vn-topol ogy-i d{
type te-types:te-topol ogy-id;
description
"An optional identifier to the TE Topol ogy
Model where the abstract nodes and |inks
of the Topol ogy can be found for Type 2
VNS";
}
| eaf abstract-node {
type leafref {
pat h "/ nw net wor ks/ nw. net wor k/ nw: node/ "
+ "tet:te-node-id";
}

description
"a reference to the abstract node in TE
Topol ogy";
}
list vn-menber-1list{
key "vn-nenber-id";
description
"List of VN-nenbers in a VN';
uses vn-nenber;
/*uses netrics-op;*/
| eaf oper-status {
type identityref {
base vn-state-type
}
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config fal se
description
"VN-nenber operational state.”

| eaf if-selected{
if-feature nmulti-src-dest;
type bool ean;
default false
config fal se
description
"I's the vn-nmenber is sel ected anong the
mul ti-src/dest options”
}
/*
contai ner nulti-src-dest{
if-feature nulti-src-dest;
config fal se
description
"The sel ected VN Menber when multi-src
and/or nmult-destination is enabled."”;
| eaf sel ect ed-vn-nenber {
type leafref {
path "/actn/vn/vn-list/vn-menber-1list"
+ "/vn-nmenber-id";
}
description
"The sel ected VN Menber along the set
of source and destination configured
with nmulti-source and/or multi-destination";

}
*/
/*uses service-netric;*/
| eaf adm n-status {
type identityref {
base vn-adnin-state-type

default vn-adnm n-state-up;
description "VN adnministrative state.";
}
| eaf oper-status {
type identityref {
base vn-state-type
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config fal se;
description "VN operational state.";

}
uses vn-policy;
Y/ lvn-1list
Y/ /vn
}/lactn
/*
* Notifications - TBD
*/
/*
* RPC
*/

rpc vn-conput e{
description
"The VN conputation without actual
i nstantiation";
i nput {
| eaf abstract-node {
type leafref {
pat h "/ nw net wor ks/ nw. net wor k/ nw: node/ "
+ "tet:te-node-id";
}

description
"a reference to the abstract node in TE
Topol ogy";

}
list vn-menber-1list{

key "vn-nenber-id";

description

"List of VN-nmenbers in a VN';
uses vn- nenber;

}
uses vn-policy;
/[ *uses service-netric;*/
}
out put {
list vn-menber-1list{
key "vn-nenber-id";
description
"List of VN-nenbers in a VN';
uses vn- nenber;
| eaf if-selected{
if-feature nulti-src-dest;
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type bool ean;

default false

description
"I's the vn-nenber is selected anong
the multi-src/dest options”

/[ *uses metrics-op;*/
| eaf conpute-status {
type identityref {
base vn-conmpute-state-type
}

description
"VN- nenber conpute state."

}
/*
contai ner nulti-src-dest{
if-feature nulti-src-dest;
description
"The sel ected VN Menber when multi-src
and/or mult-destination is enabled.”;
| eaf sel ect ed-vn-nmenber-i d{
type uint32;
description
"The sel ected VN Menber-id fromthe
i nput™;

pel

<CODE ENDS>

7. JSON Exanpl e
This section provides json inplenentati on exanples as to how ACTN VN

YANG nodel and TE topol ogy nodel are used together to instantiate
virtual networks.
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The exanple in this section includes follow ng VN

0o VN1 (Type 1): Wich maps to the single node topol ogy abstractl
(node D1) and consist of VN Menbers 104 (L1 to L4), 107 (L1 to
L7), 204 (L2 to L4), 308 (L3 to L8) and 108 (L1 to L8). W also
show how di sj oi ntness (node, link, srlg) is supported in the
exanpl e on the global level (i.e., connectivity matrices |evel).

0 VN2 (Type 2): Wiich maps to the single node topol ogy abstract?2
(node D2), this topology has an underlay topol ogy (absolute) (see
figure in section 3.2). This VN has a single VN nenber 105 (L1 to
L5) and an underlay path (S4 and S7) has been set in the
connectivity matrix of abstract?2 topol ogy;

0 VN3 (Type 1): This VN has a multi-source, nulti-destination
feature enable for VN Menber 104 (L1 to L4)/107 (L1 to L7)
[multi-src] and VN Menber 204 (L2 to L4)/304 (L3 to L4) [nulti-
dest] usecase. The selected VN-nenber is known via the field "if-
sel ected" and the correspondi ng connectivity-matrix-id.

Not e that the ACTN VN YANG nodel al so include the AP and VNAP whi ch
shows various VN using the sane AP.
7.1. ACTN VN JSON

{
"actn":{
"ap” _—
"access-point-list": |
{

"access-point-id": 101,
"access-poi nt-nanme": "101",
"vn-ap": [

"vn-ap-id": 10101,
"vn": 1,
"abstract-node": "D1",
" I t pll : " 1_ 0_ 1II

"vn-ap-id": 10102,
"vn": 2,
"abstract-node": "D2",
" I t pll : " 1_ 0_ 1II

"vn-ap-id": 10103,
"vn": 3,
"abstract-node": "D3",
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"ltp": "1-0-1"
}
]
},
{
"access-point-id": 202,
"access- poi nt-nanme": "202",
"vn-ap": [
{
"vn-ap-id": 20201,
"vn": 1,
"abstract-node": "D1",
"ltp": "2-0-2"
}
]
},
{
"access-point-id": 303,
"access- poi nt-nanme": "303",
"vn-ap": [
"vn-ap-id": 30301,
"vn": 1,
"abstract-node": "D1",
"ltp": "3-0-3"
},
{
"vn-ap-id": 30303,
"vn": 3,
"abstract-node": "D3",
"ltp": "3-0-3"
}
]
},
{
"access-point-id": 440,
"access- poi nt-nanme": "440",
"vn-ap": [
"vn-ap-id": 44001,
"vn": 1,
"abstract-node": "D1",
"ltp": "4-4-0"
}
]
},
{

"access-point-id": 550,
"access- poi nt-nanme": "550",
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"vn-ap": [
{
"vn-ap-id": 55002,
"vn": 2,
"abstract-node": "D2",
"ltp": "5-5-0"
}
]
H
{
"access-point-id": 770,
"access-poi nt-nane": "770",
"vn-ap": [
"vn-ap-id": 77001,
"vn": 1,
"abstract-node": "D1",
"ltp": "7-7-0"
H
{
"vn-ap-id": 77003,
"vn": 3,
"abstract-node": "D3",
"ltp": "7-7-0"
}
]
H
{
"access-point-id": 880,
"access- poi nt-nane": "880",
"vn-ap": [
"vn-ap-id": 88001,
"vn": 1,
"abstract-node": "D1",
"ltp": "8-8-0"
H
{
"vn-ap-id": 88003,
"vn": 3,
"abstract-node": "D3",
"ltp": "8-8-0"
}
]
}
]
},
"vn":{

"vn-list": [
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"vn-id": 1,
"vn-nane": "vnl",

"vn-topol ogy-id": "te-topol ogy: abstract1",

"abstract-node": "D1",
"vn-menber-list": [
{
"vn-nenber-id": 104,
"src": {
"src": 101,
"src-vn-ap-id": 10101,
} il
"dest": {
"dest": 440,
"dest-vn-ap-id": 44001,
}

onnectivity-matrix-id": 104

"vn-nmenber-id': 107,
"src": {
"src": 101,
"src-vn-ap-id": 10101,
}
"dest": {
"dest": 770,
"dest-vn-ap-id": 77001,
},

"connectivity-matrix-id": 107

"vn-nenber-id": 204,
"src": {
"src": 202,
"dest-vn-ap-id": 20401,
},
"dest": {
"dest": 440,
"dest-vn-ap-id": 44001,
}

,onnectivity—natrix—id": 204

"vn-nenber-id": 308,
"src": {
"src": 303,
"src-vn-ap-id": 30301,
} il
"dest": {
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"dest": 880,
"src-vn-ap-id": 88001,
}l

"connectivity-matrix-id": 308

"vn-nmenber-id": 108,
"src": {
"src": 101,
"src-vn-ap-id": 10101,
},
"dest": {
"dest": 880,
"dest-vn-ap-id": 88001,
}

onnectivity-matrix-id": 108

"vn-id": 2,
"vn-nanme": "vn2",
"vn-topol ogy-id": "te-topol ogy: abstract2",
"abstract-node": "D2",
"vn-nmenber-list": [
{
"vn-nmenber-id': 105,
"src": |
"src": 101,
"src-vn-ap-id": 10102,
},
"dest": {
"dest": 550,
"dest-vn-ap-id": 55002,
},

"connectivity-matrix-id": 105

"vn-id": 3,
"vn-nane": "vn3",
"vn-topol ogy-id": "te-topol ogy: abstract 3",
"abstract-node": "D3",
"vn-nmenber-list": [
{
"vn-nmenber-id": 104,
"src": {
"src": 101,
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}
"dest": {
"dest": 440,
"mul ti-dest": true
}
}
{
"vn-nenber-id": 107,
"src": {
"src": 101,
"src-vn-ap-id": 10103,
},
"dest": {
"dest": 770,
"dest-vn-ap-id": 77003,
"mul ti-dest": true
},
"connectivity-matrix-id": 107,
"if-selected":true
b
{
"vn-nenber-id": 204,
"src": {
"src": 202,
"mul ti-src": true,
I
"dest": {
"dest": 440,
},
}
{
"vn-nenber-id": 304,
"src": {
"src": 303,
"src-vn-ap-id": 30303,
"mul ti-src": true,
}
"dest": {
"dest": 440,
"src-vn-ap-id": 44003,
},
"connectivity-matrix-id": 304,
"if-selected":true
b
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}
7.2. TE-topol ogy JSON

{

"networks": {
"network": [

"net wor k-types": {
"te-topol ogy": {}
}

"network-id": "abstract1",
"provider-id": 201,
"client-id": 600,
"te-topol ogy-id": "te-topol ogy: abstract1",
"node": |
{
"node-id": "D1",
"te-node-id": "2.0.1.1",

"t ell . {
"te-node-attributes": {
"domain-id" : 1

"is-abstract": [null],
"connectivity-matrices": {
"is-allowed": true
"pat h-constraints": {
"bandw dt h-generic": {
"te-bandw dth": {
"generic": [

"generic": "Ox1pl0",

}
]
}

}

"di sjointness": "node link srlg",
1
"connectivity-matrix": [

{

"id": 104,
"fron: "1-0-1",
"to": "4-4-0"

H

{

"id": 107,

"fromt: "1-0-1",
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"to": "7-7-0"
b
{
"id": 204,
from': "2-0-2",
to": "4-4-0"
1
{
"id": 308,
from: "3-0-3",
to": "8-8-0"
1
{
"id": 108,
from: "1-0-1",
to": "8-8-0"
H
]
}
}
},
"term nation-point": |
{
"tp-id": "1-0-1",
"te-tp-id": 10001,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{
"tp-id": "1-1-0",
"te-tp-id": 10100,
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{

"tp-id": "2-0-2",
"te-tp-id": 20002,
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"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
"tp-id": "2-2-0",
"te-tp-id": 20200,
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
"tp-id": "3-0-3",
"te-tp-id": 30003,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
"tp-id": "3-3-0",
"te-tp-id": 30300,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{

"tp-id': "4-0-4",
"te-tp-id": 40004,
n t eII : {
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"interface-sw tching-capability": [

"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{
"tp-id": "4-4-0",
"te-tp-id": 40400,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{
"tp-id": "5-0-5",
"te-tp-id": 50005,
"te": {
"interface-sw tching-capability": [
{
"switching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{
"tp-id": "5-5-0",
"te-tp-id": 50500,
"te": {
"interface-sw tching-capability": [
"switching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{

"tp'id": "6'0'6",
"te-tp-id": 60006,
lltell: {

"interface-sw tching-capability": [
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{
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk”
}
]
}
H
{
"tp-id": "6-6-0",
"te-tp-id": 60600,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
“"tp-id": "7-0-7",
"te-tp-id": 70007,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk”
}
]
}
H
{
"tp-id": "7-7-0",
"te-tp-id": 70700,
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{

"tp'id": "8'0'8",
"te-tp-id": 80008,
Ilt ell: {
"interface-sw tching-capability": [

{

Lee, et al. Expi res Decenber 2018 [ Page 38]



Internet-Draft ACTN VN YANG Mbdel June 2018

"swi tchi ng-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{
"tp-id": "8-8-0",
"te-tp-id": 80800,
"te": {
"interface-swi tching-capability": [
"swi tchi ng-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
}
]
}
]
H
{

"net wor k-types": {
"te-topol ogy": {}
}

"network-id": "abstract2",
"provider-id": 201,
"client-id": 600,
"te-topol ogy-id": "te-topol ogy: abstract2"
"node": |
{
"node-id": "D2"
"te-node-id": "2.0.1.2",

"te": {
"te-node-attributes": {
"domai n-id" : 1,

"is-abstract": [null],
"connectivity-matrices": {
"is-allowed": true
"underl ay": {
"enabl ed": true
1
"pat h-constraints": {
"bandw dt h-generic": {
"te-bandwi dth": {
"generic": |
{
"generic": "Ox1lpl0"
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}
]
}
}

ptim zations": {
"obj ective-function": {
"obj ective-function-type": "of-maxim ze-residual -

}

bandw dt h"
}

onnectivity-matrix": [
{
"id": 105,
"from': "1-
"to": "b-5-
"underl ay": {
"enabl ed": true,
"primry-path": {
"network-ref": "absolute",
"path-el enent”: [

}

1" 1

0-
0"

"pat h-el enent-id": 1,

"i ndex": 1,

"nunber ed- hop": {
"address": "4.4.4.4",
"hop-type": "STRICT"

I
{

"pat h-el enent-id": 2,

"i ndex": 2,

"nunber ed- hop": {
"address": "7.7.7.7
"hop-type": "STRICT

}

erm nation-point": |

"tp-id": "1-0-1",
"te-tp-id": 10001,
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"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
"tp-id": "1-1-0",
"te-tp-id": 10100,
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
"tp-id": "2-0-2",
"te-tp-id": 20002,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
"tp-id": "2-2-0",
"te-tp-id": 20200,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{

"tp-id": "3-0-3",
"te-tp-id": 30003,
n t eII : {
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"interface-sw tching-capability": [

"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{
"tp-id": "3-3-0",
"te-tp-id": 30300,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{
"tp-id": "4-0-4",
"te-tp-id": 40004,
"te": {
"interface-sw tching-capability": [
{
"switching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{
"tp-id": "4-4-0",
"te-tp-id": 40400,
"te": {
"interface-sw tching-capability": [
"switching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{

"tp'id": ||5_0_5||,
"te-tp-id": 50005,
lltell: {

"interface-sw tching-capability": [
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{
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk”
}
]
}
H
{
"tp-id": "5-5-0",
"te-tp-id": 50500,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
"tp-id": "6-0-6",
"te-tp-id": 60006,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk”
}
]
}
H
{
"tp-id": "6-6-0",
"te-tp-id": 60600,
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{

"tp'id": ||7_0_7||’
"te-tp-id": 70007,
Ilt ell: {
"interface-sw tching-capability": [

{
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"swi tching-capability":

"encodi ng": "I sp-encodi ng- oduk"
}
]
}
1
{
"tp-id': "7-7-0",
"te-tp-id": 70700,
"te": {
"interface-sw tching-capability":
"swi t chi ng-capability":
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
1
{
"tp-id": "8-0-8",
"te-tp-id": 80008,
"te": {
"interface-sw tching-capability":
"swi t chi ng-capability":
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
1
{
"tp-id": "8-8-0",
"te-tp-id": 80800,
"te": {
"interface-sw tching-capability":
"swi t chi ng-capability":
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
}

"net wor k-types": {
"te-topol ogy": {}
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"network-id": "abstract3",
"provider-id": 201,
"client-id": 600,
"te-topol ogy-id": "te-topol ogy: abstract 3",
"node": |

"node-id": "D3",
"te-node-id": "3.0.1.1",

"te": {
"te-node-attributes": {
"domain-id" : 3

"is-abstract": [null],
"connectivity-matrices": {
"is-allowed": true,
"pat h-constraints": {
"bandw dt h-generic": {
"te-bandw dth": {
"generic": [

{
"generic": "Ox1pl0",
}
]
}
}
1
"connectivity-matrix": [
{
"id": 107,
"fron': "1-0-1",
"to": "7-7-0"
b
{
"id": 308,
“fronm': "3-0-3",
"to": "8-8-0"
b
]

}
}
oo .
"term nation-point": [
"tp-id": "1-0-1",

"te-tp-id": 10001,
"te": {

"interface-sw tching-capability":

[

June 2018
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"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{
"tp-id": "1-1-0",
"te-tp-id": 10100,
"te": {
"interface-sw tching-capability": [
"swi tchi ng-capability": "sw tching-otn"
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{
"tp-id": "2-0-2",
"te-tp-id": 20002,
"te": {
"interface-sw tching-capability": |
{
"swi tching-capability": "sw tching-otn"
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{
"tp-id": "2-2-0",
"te-tp-id": 20200,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn"
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{

"tp-id": "3-0-3",
"te-tp-id": 30003,
"te": {
"interface-sw tching-capability": |

"swi tching-capability": "sw tching-otn"

"encodi ng": "I sp-encodi ng- oduk"

2018
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}
]
}
b
{
"tp-id": "3-3-0",
"te-tp-id": 30300,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swi tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{
"tp-id": "4-0-4",
"te-tp-id": 40004,
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{
"tp-id": "4-4-0",
"te-tp-id": 40400,
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "swi tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
b
{

"tp-id": "5-0-5",
"te-tp-id": 50005,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swi tching-otn",
"encodi ng": "I sp-encodi ng- oduk"

}
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]
}
H
{
"tp-id": "5-5-0",
"te-tp-id": 50500,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
"tp-id": "6-0-6",
"te-tp-id": 60006,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{
"tp-id": "6-6-0",
"te-tp-id": 60600,
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
H
{

"tp-id*: "7-0-7",
"te-tp-id": 70007,
"te": {
"interface-sw tching-capability": [

"swi tching-capability": "sw tching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
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}
},
{
"tp-id": "7-7-0",
"te-tp-id": 70700,
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{
"tp-id": "8-0-8",
"te-tp-id": 80008,
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
},
{
"tp-id": "8-8-0",
"te-tp-id": 80800,
"te": {
"interface-sw tching-capability": [
"switching-capability": "swtching-otn",
"encodi ng": "I sp-encodi ng- oduk"
}
]
}
}
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8. Security Considerations
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