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Introduction

Today a network offers to its clients far more services than just
connectivity across the network. Large variety of physical, logical
and/or virtual service functions, network functions and transport
functions (collectively named 1in this document as SFs) could be
allocated for and assigned to a client. As described 1in
[I-D.bryskin-teas-use-cases-sf-aware-topo-model], there are some
important use cases, in which the network needs to represent to the
client SFs at the client's disposal as topological elements in
relation to other elements of a topology (i.e. nodes, links, link and
tunnel termination points) used by the network to describe itself to
the client. Not only would such information allow for the client to
auto-discover the network's SFs available for the services
provisioned for the client, it would also allow for the client
selecting the SFs, duel-optimizing the selection on the SF location
on the network and connectivity means (e.g. TE tunnels) to inter-
connect the SFs. Consequently thus would give to both the network
and the client powerful means for the service function chain (SFC
[REC7498] [REC7665]) negotiation to achieve most efficient and cost
effective (from the network point of view) and most optimal yet
satisfying all necessary constraints of SFCs(from the client's point
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of view).

This document defines a YANG data model that allows service functions
to be represented along with TE topology elements.
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1.1. Terminology

N

The keywords "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED", "NOT RECOMMENDED", "MAY", and
"OPTIONAL" 1in this document are to be interpreted as described in BCP
14, [RFC2119].

The following terms are defined in [REC7950] and are not redefined
here:

0 augment
o data model

o data node

.2. Tree Structure

A simplified graphical representation of the data model is presented
in this document, by using the tree format defined 1in
[I-D.ietf-netmod-yang-tree-diagrams].

Modeling Considerations

The model introduced 1in this document is an augmentation of the TE
Topology model defined in [I-D.ietf-teas-yang-te-topo]. SFs are
modeled as child elements of a TE node similarly to how Link
Termination Points (LTPs) and Tunnel Termination Points (TTPs) are
modeled in the TE Topology model. The SFs are defined as opaque
objects identified via topology unique service-function-id's. Each
SF has one or more Connection Points (CPs) didentified via SF-unique
sf-connection-point-id's, over which the SF could be connected to
other SFs resided on the same TE node, as well as to other elements
of the TE node, in particular, to the node's LTPs and/or TTPs. An
interested client may use service-function-id's to look up the SFs 1in
TOSCA or YANG data store(s) defined by [ETSI-NFV-MAN] to retrieve the
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details of the SFs, for example, to understand the SF's mutual
substitutability.

The TE Topology model introduces a concept of Connectivity Matrix
(CM), and uses the CM to describe which and at what costs a TE node's
LTPs could be inter-connected internally across the TE node. The
model defined in this document heavily uses the same concept to
describe the SF connectivity via introducing 3 additional CMs:

1. SF2SF CM. This CM describes which pairs of SFs could be locally
inter-connected, and, if yes, 1in which direction, via which CPs
and at what costs. 1In other words, the SF2SF CM describes how
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SFs residing on the same TE node could be 1inter-connected into
local from the TE node's perspective SFCs;

2. SF2LTP CM. This CM describes how, 1in which direction and at what
costs the TE node's SFs could be connected to the TE node's LTPs
and hence to SFs residing on neighboring TE nodes that are
connected to LTPs at the remote ends of corresponding TE links;

3. SF2TTP CM. This CM describes how, in which direction and at what
costs the TE node's SFs could be connected to the TE node's TTPs
and hence to SFs residing on other TE nodes on the topology that
could be inter-connected with the TE node 1in question via TE
tunnels terminated by the corresponding TTPs.

In addition to SF2SF CM, the local SF chaining could be described
with the help of ETSI models Virtual Links (VLs) [ETSI-NFV-MAN].

This option is especially useful when the costs of the local chaining
are negligible as compared to ones of the end-to-end SFCs said local
SFCs are part of.

Model Structure

module: jetf-te-topology-sf
augment /nd:networks/nd:network/nd:network-types/tet:te-topology:
+-—-rw sf!
augment /nd:networks/nd:network/nd:node/tet:te
/tet:te-node-attributes:
+--rw service-function
+-—-rw connectivity-matrices



+--rw connectivity-matrix*x [id]

I

| +--rw id uint32

| +--rw from

| | +--rw service-function-id? string
| | +--rw sf-connection-point-id?  string
| +--rw to

| | +--rw service-function-id? string
| | +--rw sf-connection-point-id?  string
| +--rw enabled? boolean

| +--rw direction? connectivity-direction
| +--rw virtual-link-id?  string

+--rw Llink-terminations

+--rw link-terminationx [1id]
+--rw id uint32
+--rw from
| +--rw tp-ref? DA SN Ay Sy S R A
/lnk:termination-point/tp-id

t--rw to

| +--rw service-function-id? string
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| +--rw sf-connection-point-id?  string
+--rw enabled? boolean
+--rw direction? connectivity-direction
augment /nd:networks/nd:network/nd:node/tet:te
/tet:information-source-entry:
+--ro service-function
+--ro connectivity-matrices
+--ro connectivity-matrixx [1id]

I

| +--ro 1d uint32

| +--ro from

| | +--ro service-function-id? string
| | +--ro sf-connection-point-id?  string
| +--ro to

| | +--ro service-function-id? string
| | +--ro sf-connection-point-id?  string
| +--ro enabled? boolean

| +--ro direction? connectivity-direction
| +--ro virtual-link-id?  string

+--ro link-terminations

+--ro link-terminationx [1id]
+--ro id uint32
+--ro from



+--ro to

| +--ro service-function-id? string
| +--ro sf-connection-point-id? string
+--ro enabled? boolean

+--ro direction? connectivity-direction
augment /nd:networks/nd:network/nd:node/tet:te
/tet:tunnel-termination-point:
+--rw service-function
+--rw tunnel-terminations
+--rw tunnel-termination* [id]

+--rw 1id uint32
+--rw service-function-id? string
+--rw sf-connection-point-id? string
+--rw enabled? boolean
+--rw direction? connectivity-direction

4. YANG Modules
<CODE BEGINS> file "ietf-te-topology-sf@2017-10-22.yang"
module ietf-te-topology-sf {
yang-version 1;
namespace "urn:ietf:params:xml:ns:yang:ietf-te-topology-sf";
prefix "tet-sf";
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import ietf-network {
prefix "nd";

}

import ietf-network-topology {
prefix "1lnk";
+

import dietf-te-topology {
prefix "tet";

}

organization
"Traffic Engineering Architecture and Signaling (TEAS)
Working Group";



contact
"WG Web: <http://tools.ietf.org/wg/teas/>
WG List: <mailto:teas@ietf.org>

WG Chair: Lou Berger
<mailto:lberger@labn.net>

WG Chair: Vishnu Pavan Beeram
<mailto:vbeeram@juniper.net>

Editors: 1Igor Bryskin
<mailto:Igor.Bryskin@huawei.com>

Xufeng Liu
<mailto:Xufeng_Liu@jabil.com>";

description "SF aware TE topology model";

revision 2017-10-22 {
description "Initial revision";
reference "TBD";

}

/*
* Typedefs
*/
typedef connectivity-direction {
type enumeration {
enum "to" {
description
"The direction is uni-directional, towards the 'to'
entity direction.";
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}
enum "from" {
description
"The direction is uni-directional, from the 'to'
entity direction.”;
}
enum "bidir" {
description


http://tools.ietf.org/wg/teas/

"The direction is bi-directional.";

}
}

description
"A type used to indicates whether a connectivity is
uni-directional, or bi-directional. If the relation is
uni-directional, the value of this type indicates the
direction.”;
} // connectivity-direction

/*
* Groupings
*/
grouping service-function-node-augmentation {
description
"Augmenting a TE node to be network service and function
aware.";
container service-function {
description
"Containing attributes related to network services and
network functions";
container connectivity-matrices {
description
"Connectivity relations between network services/functions
on a TE node, which can be either abstract or physical.";
reference
"ETSI GS NFV-MAN 01: Network Functions Virtualisation
(NFV) ; Management and Orchestration.
REC7665: Service Function Chaining (SFC) Architecture.";
list connectivity-matrix {
key n-idu;
description
"Represents the connectivity relations between network
services/functions on a TE node.";
leaf id {
type uint32;
description "Identifies the connectivity-matrix entry.";

}

container from {
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description
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"Reference to the source network service or
network function.";
leaf service-function-id {
type string;
description
"Reference to a network service or a network
function.";
}
leaf sf-connection-point-id {
type string;
description
"Reference to a connection point on a network
service or a network function.";
+
} // from

container to {
description
"Reference to the destination network service or
network function.";
leaf service-function-id {
type string;
description
"Reference to a network service or a network
function.";
}
leaf sf-connection-point-id {
type string;
description
"Reference to a connection point on a network
service or a network function.";
}

} // to
leaf enabled {

type boolean;
description
"'true' if this connectivity entry 1is enabled.";
}
leaf direction {
type connectivity-direction;
description
"Indicates whether this connectivity is
uni-directional, or bi-directional. If the
relation is uni-directional, the value of
this leaf indicates the direction.";
+
leaf virtual-link-id {
type string;
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description
"Reference to a virtual link that models this
conectivity relation in the network function
model.";
+
} // connectivity-matrix
} // connectivity-matrices

container link-terminations {
description
"Connectivity relations between network services/functions
and link termination points on a TE node, which can be
either abstract or physical.";
reference
"ETSI GS NFV-MAN 01: Network Functions Virtualisation
(NFV); Management and Orchestration.
RFC7665: Service Function Chaining (SFC) Architecture.";
list link-termination {
key "'id";
description
"Each entry of the list represents the connectivity
relation between a network service/function and
a link termination point on a TE node.";
leaf 1id {
type uint32;
description "Identifies the termination entry.";

}

container from {
description
"Reference to the link termination point.";
} // from
container to {
description
"Reference to the network service or network
function.";
leaf service-function-id {
type string;
description
"Reference to a network service or a network
function.";
}
leaf sf-connection-point-id {
type string;
description
"Reference to a connection point on a network


https://datatracker.ietf.org/doc/pdf/rfc7665

service or a network function.";
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} // to
leaf enabled {

type boolean;
description
"'"true' if this connectivity entry 1is enabled.";
+
leaf direction {
type connectivity-direction;
description
"Indicates whether this connectivity is
uni-directional, or bi-directional. If the
relation is uni-directional, the value of
this leaf 1indicates the direction.";
}
} // link-termination
3
}

} // service-function-node-augmentation

grouping service-function-ttp-augmentation {
description
"Augmenting a tunnel termination point to be network service
aware.";
container service-function {
description
"Containing attributes related to network services and
network functions";
container tunnel-terminations {
description
"Connectivity relations between network services/functions
and tunnel termination points on a TE node, which can be
either abstract or physical.";
reference
"ETSI GS NFV-MAN 01: Network Functions Virtualisation
(NFV); Management and Orchestration.
RFC7665: Service Function Chaining (SFC) Architecture.";
list tunnel-termination {
key "'id";
description


https://datatracker.ietf.org/doc/pdf/rfc7665

"Each entry of the list represents the connectivity
relation between a network service/function and
a tunnel termination point on a TE node.";
leaf 1id {
type uint32;
description "Identifies the termination entry.";

}

leaf service-function-id {
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type string;
description
"Reference to a network service or a network
function.";
}
leaf sf-connection-point-id {
type string;
description
"Reference to a connection point on a network
service or a network function.";
b
leaf enabled {
type boolean;
description
"'"true' if this connectivity entry 1is enabled.";
}
leaf direction {
type connectivity-direction;
description
"Indicates whether this connectivity is
uni-directional, or bi-directional. If the
relation is uni-directional, the value of
this leaf indicates the direction.";
b
} // link-termination
}
+

} // service-function-ttp-augmentation

grouping sf-topology-type {
description
"Identifies the SF aware TE topology type.";



container sf {

presence "Indidates that the TE topology is SF aware.";

description

"Its presence identifies that the TE topology is SF aware.";

}
} // sf-topology-type

/*
* Augmentations
*/
/* Augmentations to network-types/te-topology */
augment "/nd:networks/nd:network/nd:network-types/"
+ "tet:te-topology" {
description
"Defines the SF aware TE topology type.";
uses sf-topology-type;
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}

/* Augmentations to te-node-attributes */
augment "/nd:networks/nd:network/nd:node/tet:te/"
+ "tet:te-node-attributes" {
description
"Parameters for SF aware TE topology.";
uses service-function-node-augmentation;

}

augment "/nd:networks/nd:network/nd:node/tet:te/"
+ "tet:information-source-entry" {
description
"Parameters for SF aware TE topology.";
uses service-function-node-augmentation;

}

/* Augmentations to tunnel-termination-point */
augment "/nd:networks/nd:network/nd:node/tet:te/"
+ "tet:tunnel-termination-point" {
description
"Parameters for SF aware TE topology.";
uses service-function-ttp-augmentation;

}



/* Augmentations to connectivity-matrix */
augment "/nd:networks/nd:network/nd:node/tet:te/"
+ "tet:te-node-attributes/tet-sf:service-function/"
+ "tet-sf:link-terminations/tet-sf:link-termination/"
+ "tet-sf:from" {
description
"Add reference to the link termination point.
This portion cannot be shared with the state module.";
leaf tp-ref {
type leafref {
path "../../../../../../../lnk:termination-point/"
+ "lnk:tp-id";
}
description
"Reference to the link termination point.";
+
+

b
<CODE ENDS>
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5.

IANA Considerations

RFC Ed.: In this section, replace all occurrences of 'XXXX' with the
actual RFC number (and remove this note).

This document registers the following namespace URIs in the IETF XML
registry [REC3688]:

URI: urn:ietf:params:xml:ns:yang:ietf-te-topology-sf
Registrant Contact: The IESG.
XML: N/A, the requested URI 1is an XML namespace.

URI: urn:ietf:params:xml:ns:yang:ietf-te-topology-sf-state
Registrant Contact: The IESG.
XML: N/A, the requested URI is an XML namespace.


https://datatracker.ietf.org/doc/pdf/rfc3688

This document registers the following YANG modules in the YANG Module
Names registry [REC7950]:

name: jetf-te-topology-sf

namespace: urn:ietf:params:xml:ns:yang:ietf-te-topology-packet
prefix: tet-sf

reference: RFC XXXX

name: jetf-te-topology-sf-state

namespace: urn:ietf:params:xml:ns:yang:ietf-te-topology-packet-state
prefix: tet-sf-s

reference: RFC XXXX

6. Security Considerations
The configuration, state, action and notification data defined -in
this document are designed to be accessed via the NETCONF protocol
[RFC6241]. The data-model by itself does not create any security
implications. The security considerations for the NETCONF protocol
are applicable. The NETCONF protocol used for sending the data
supports authentication and encryption.
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Appendix A. Companion YANG Model for Non-NMDA Compliant Implementations

The YANG module ietf-te-topology-sf defined in this document -s
designed to be used in conjunction with implementations that support
the Network Management Datastore Architecture (NMDA) defined 1in
[I-D.ietf-netmod-revised-datastores]. In order to allow
implementations to use the model even in cases when NMDA 1is not
supported, the following companion module, ietf-te-topology-sf-state,
is defined as state model, which mirrors the module ietf-te-topology-
st defined earlier in this document. However, all data nodes 1in the
companion module are non-configurable, to represent the applied
configuration or the derived operational states.

The companion module, ietf-te-topology-sf-state, is redundant and
SHOULD NOT be supported by implementations that support NMDA.

As the structure of the companion module mirrors that of the
coorespinding NMDA model, the YANG tree of the companion module is
not depicted separately.

A.1. SF Aware TE Topology State Module

<CODE BEGINS> file "detf-te-topology-sf-state@2017-10-22.yang"
module ietf-te-topology-sf-state {

yang-version 1;

namespace "urn:ietf:params:xml:ns:yang:ietf-te-topology-sf-state";

prefix "tet-sf-s";

import detf-te-topology-sf {
prefix "tet-sf";
+

import ietf-network-state {
prefix "nd-s";

}

import ietf-network-topology-state {
prefix "lnk-s";

}

import ietf-te-topology-state {
prefix "tet-s";

}

organization



"Traffic Engineering Architecture and Signaling (TEAS)
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Working Group";

contact
"WG Web: <http://tools.ietf.org/wg/teas/>
WG List: <mailto:teas@ietf.org>

WG Chair: Lou Berger
<mailto:lberger@labn.net>

WG Chair: Vishnu Pavan Beeram
<mailto:vbeeram@juniper.net>

Editors: 1Igor Bryskin
<mailto:Igor.Bryskin@huawei.com>

Xufeng Liu
<mailto:Xufeng_Liu@jabil.com>";

description "SF aware TE topology model";

revision 2017-10-22 {
description "Initial revision";
reference "TBD";

+
/*

* Augmentations
*/
/* Augmentations to network-types/te-topology */
augment "/nd-s:networks/nd-s:network/nd-s:network-types/"
+ "tet-s:te-topology" {
description
"Defines the SF aware TE topology type.";
uses tet-sf:sf-topology-type;
+

/* Augmentations to connectivity-matrix */

augment "/nd-s:networks/nd-s:network/nd-s:node/tet-s:te/"
+ "tet-s:te-node-attributes" {
description


http://tools.ietf.org/wg/teas/

"Parameters for SF aware TE topology.";
uses tet-sf:service-function—-node-augmentation;

}

augment "/nd-s:networks/nd-s:network/nd-s:node/tet-s:te/"
+ "tet-s:information-source-entry" {
description
"Parameters for SF aware TE topology.";
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uses tet-sf:service-function-node-augmentation;

}

/* Augmentations to tunnel-termination-point x/
augment "/nd-s:networks/nd-s:network/nd-s:node/tet-s:te/"
+ "tet-s:tunnel-termination-point" {
description
"Parameters for SF aware TE topology.";
uses tet-sf:service-function-ttp-augmentation;

}

/* Augmentations to connectivity-matrix */
augment "/nd-s:networks/nd-s:network/nd-s:node/tet-s:te/"
+ "tet-s:te-node-attributes/tet-sf-s:service-function/"
+ "tet-sf-s:link-terminations/tet-sf-s:link-termination/"
+ "tet-sf-s:from" {
description
"Add reference to the link termination point.
This portion cannot be shared with the state module.";
leaf tp-ref {
type leafref {
path "../../../../../../../1lnk-s:termination-point/"
+ "lnk-s:tp-id";
}
description
"Reference to the link termination point.";
}
+

3
<CODE ENDS>



Appendix B. Data Examples

B.1. A Topology with Multiple Connected Network Functions
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The configuration instance data for Node-1 1in the above figure could
be as follows:

{

"networks™":

"network":

{

{
[

"network-types": {
"te-topology": {
IIS-FII: {}

}
1,

"network-id": "network-sf-aware",

"provider-id": 201,

"client-id": 300,

"te-topology-id": "te-topology:network-sf-aware",

"node":

{

[

"node-1id": "Node-1",
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"te-node-id": "2.0.1.1",
Nta": {
"te-node-attributes": {
"domain-id": 1,
"is-abstract": [null],
"connectivity-matrices": {
I
"service-function": {
"connectivity-matrices": {
"connectivity-matrix": [
{
"id": 10,
"from": {
"service-function-id": "Network Service 1",
"sf-connection-point-id": "CPO1"
b
Iltoll: {
"service-function-id": "VNF1",

"sf-connection-point-id": "CP11"



}
"direction": "bidir",
"virtual-link-id": "vL1"

s
{
"id": 13,
"from": {
"service-function-id": "VNF1",
"sf-connection-point-id": "CP12"
b
Iltoll: {
"service-function-id": "VNF3",
"sf-connection-point-id": "CP32"
}

"direction": "bidir",
"virtual-link-id": "vL3"

s
{
"id": 12,
"from": {
"service-function-id": "VNF1",
"sf-connection-point-id": "CP13"
b
Iltoll: {
"service-function-id": "VNF2",
"sf-connection-point-id": "CP21"
}

"direction": "bidir",
"virtual-link-id": "vL2"
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s
{
"id": 23,
"from": {

"service-function-id": "VNF2",
"sf-connection-point-id": "CP21"
I
Iltoll: {
"service-function-id": "VNF3"
"sf-connection-point-id": "CP31"
}

"direction": "bidir",



"virtual-link-id": "vL2"

s
{
"id": 30,
"from": {
"service-function-id": "Network Service 1",
"sf-connection-point-id": "CPO2"
I
IltOII: {
"service-function-id": "VNF3",
"sf-connection-point-id": "CP33"
}

"direction": "bidir",
"virtual-link-id": "vL4"

]
I
"link-terminations": {
"link-termination": [
{
"id": 2,
"from": {
"tp-ref": "LTP-2"
1
Iltoll: {
"service-function-id": "Network Service 1",
"sf-connection-point-id": "CPO2"
}
"direction": "bidir"
T
{
”id": 3,
"from": {
"tp-ref": "LTP-3"
I
Iltoll: {
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"service-function-id": "Network Service 1",
"sf-connection-point-id": "CPO1"

}

"direction": "bidir"



]
+
}
}
"tunnel-termination-point": [
{
"tunnel-tp-id": 10001,
"name": "TTP-1",
"service-function-terminations": {
+
I
{
"tunnel-tp-id": 10002,
"name'": "TTP-2",
"service-function-terminations": {
+
}
]
I
"termination-point": [
{
"tp-id": "LTP-1",
"te-tp-id": 10001
Il-tell: {
"interface-switching-capability": [
{
"switching-capability": "switching-12sc",
"encoding": "lsp-encoding-ethernet"

}

}
I
{
”tp—id": "LTP—2",
"te-tp-id": 10002
Ntal: {
"interface-switching-capability": [
{
"switching-capability": "switching-12sc",
"encoding": "lsp-encoding-ethernet"

}
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2.

s

{
"tp-id": "LTP-3",
"te-tp-id": 10003
Htell: {
"interface-switching-capability": [
{
"switching-capability": "switching-12sc",
"encoding": "lsp-encoding-ethernet"
}
1
}
I
{
"tp-id": "LTP-4",
"te-tp-id": 10004
Htell: {
"interface-switching-capability": [
{
"switching-capability": "switching-12sc",
"encoding": "lsp-encoding-ethernet"
}
1
}
}
1
}
]
}
]
+
}
A Topology with an Encapsulated Network Service

In this example, a network service consists of several -inter-
connected network functions (NFs), and is represented by this model
as an encapsulated opaque object without the details between 1ts
internals.
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The configuration instance data for Node-1 1in the above figure could
be as follows:

{
"networks": {
"network": [

{
"network-types": {
"te-topology": {
IIS-FII: {}
}
I
"network-id": "network-sf-aware",

"provider-id": 201,
"client-id": 300,
"te-topology-id": "te-topology:network-sf-aware",

"node": [
{
"node-1id": '"Node-1",
"te-node-id": "2.0.1.1",
lltell: {

"te-node-attributes": {
"domain-id": 1,



"is-abstract": [null],
"connectivity-matrices": {

¥s

"service-function": {
"connectivity-matrices": {

}s
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"link-terminations": {
"link-termination": [

{
"id": 2,
"from": {
"tp-ref": "LTP-2"
1
Iltoll: {
"service-function-id":
"sf-connection-point-id":
}
"direction": "bidir"
1
{
"id": 3,
"from": {
"tp-ref": "LTP-3"
1
Iltoll: {
"service-function-id":
"sf-connection-point-id":
}
"direction": "bidir"
}
]
}
}
}
"tunnel-termination-point": [
{

"tunnel-tp-id": 10001,
"name'": "TTP-1",

"service-function-terminations":

}
1,

October 2017

"Network Service 1",
"CPO2"

"Network Service 1",
"CPO1"



"tunnel-tp-id": 10002,
"name'": "TTP-2",
"service-function-terminations": {

+
}
]
I
"termination-point": [
{
"tp-id": "LTP-1",
"te-tp-id": 10001
Il-tell: {
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"interface-switching-capability": [
{
"switching-capability": "switching-12sc",
"encoding": "lsp-encoding-ethernet"
}
1
}
I
{
"tp-id": "LTP-2",
"te-tp-id": 10002
Il-tell: {
"interface-switching-capability": [
{
"switching-capability": "switching-12sc",
"encoding": "lsp-encoding-ethernet"
}
1
}
I
{

"tp-id": "LTP-3",
"te-tp-id": 10003
Iltell: {
"interface-switching-capability": [
{
"switching-capability": "switching-12sc",
"encoding": "lsp-encoding-ethernet"



1
}
i
{
"tp-id": "LTP-4",
"te-tp-id": 10004
Iltell: {
"interface-switching-capability": [
{
"switching-capability": "switching-12sc",
"encoding": "lsp-encoding-ethernet"
}
1
}
}
]
¥
]
}
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