Net wor k Wor ki ng Group I. Bryskin

I nternet-Draft Huawei Technol ogi es
I ntended status: |nformational X. Liu
Expi res: Septenber 2, 2018 Jabi

March 1, 2018

SF Aware TE Topol ogy YANG Model
draft-bryskin-teas-sf-aware-topo-nodel -01

Abst ract

Thi s docunment describes a YANG data nodel for TE network topol ogies
that are network service and function aware.

Status of This Meno

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

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on Septenber 2, 2018.
Copyright Notice

Copyright (c) 2018 | ETF Trust and the persons identified as the
docunment authors. All rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Documents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunment. Code Conponents extracted fromthis docunment nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD Li cense.

Bryskin & Liu Expi res Septenber 2, 2018 [ Page 1]



Internet-Draft SF Aware Topo YANG Mbdel March 2018

Tabl e of Contents

1. Introduction 2
1.1. Termnology . 3
1.2. Tree Di agrams . . . 3
1.3. Prefixes in Data Node Narres . 3
Model i ng Consi derati ons . 3
Model Structure . . 4
YANG Modules . . . . . . . Lo L Lo 6
| ANA Considerations . . . . . . . . . . . . . . . . . . . . . 13
Security Considerations . 14
Ref er ences 14
7 1. Normative References 14
7.2. Informative References . . . 15
Appendi x A.  Conpani on YANG Model for Non NNDA Conpllant
| npl enentations . . Co . . . . . . . 16
A 1. SF Aware TE Topol ogy State Nbdule e
Appendi x B. Data Exanples . . . . . 18
B.1. A Topology with NUItlpIe Cbnnected hbtmork Functlons .. 18
B.2. A Topology with an Encapsul ated Network Service . . . . . 23
Authors’ Addresses . . . . . . . . . . . . ..o o027

NoohkwN

1. Introduction

Today a network offers to its clients far nore services than just
connectivity across the network. Large variety of physical, |ogica
and/ or virtual service functions, network functions and transport
functions (collectively nanmed in this docunent as SFs) could be

all ocated for and assigned to a client. As described in

[1-D. bryskin-teas-use-cases-sf-aware-topo-nodel], there are sone

i mportant use cases, in which the network needs to represent to the
client SFs at the client’s disposal as topological elenments in
relation to other elements of a topology (i.e. nodes, links, link and
tunnel termnation points) used by the network to describe itself to
the client. Not only would such information allow for the client to
aut o- di scover the network’s SFs avail able for the services
provisioned for the client, it would also allow for the client

sel ecting the SFs, duel -optimzing the selection on the SF | ocation
on the network and connectivity nmeans (e.g. TE tunnels) to inter-
connect the SFs. Consequently thus would give to both the network
and the client powerful nmeans for the service function chain (SFC

[ RFC7498] [ RFC7665]) negotiation to achieve nost efficient and cost
effective (fromthe network point of view) and nost optinal yet
satisfying all necessary constraints of SFCs(fromthe client’s point
of view.

Thi s docunent defines a YANG data nodel that all ows service functions
to be represented along with TE topol ogy el ements.
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1.1. Termnol ogy

The keywords "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14, [RFC2119].

The following ternms are defined in [ RFC7950] and are not redefined
here:

0 augnent
0o data nodel
0 data node

1.2. Tree Diagrans
A sinmplified graphical representation of the data nodel is presented
in this docunent, by using the tree format defined in
[1-D.ietf-netnod-yang-tree-di agrans].

1.3. Prefixes in Data Node Nanes
In this docunent, nanes of data nodes, actions, and other data nodel
objects are often used without a prefix, as long as it is clear from
the context in which YANG nodul e each nane is defined. O herw se,

nanes are prefixed using the standard prefix associated with the
correspondi ng YANG nodul e, as shown in Table 1.

ietf-inet-types RFC6991]

——r—

I I I I
| nw | ietf-network | [I1-D.ietf-i2rs-yang-network-topo] |
| nt | ietf-network- | [I1-D.ietf-i2rs-yang-network-topo] |
I | topol ogy I _ I
| tet | ietf-te-topology | [I-D.ietf-teas-yang-te-topo] |
Fom e e e - - Fom e e e e e o m e e e e e e e e e e e e e +

Tabl e 1: Prefixes and Correspondi ng YANG Modul es
2. Modeling Considerations
The nmodel introduced in this docunent is an augnentation of the TE
Topol ogy nodel defined in [I-D.ietf-teas-yang-te-topo]. SFs are

nodel ed as child elenents of a TE node sinilarly to how Link
Term nation Points (LTPs) and Tunnel Ternination Points (TTPs) are
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nmodel ed in the TE Topol ogy nodel. The SFs are defined as opaque
objects identified via topol ogy uni que service-function-id s. Each
SF has one or nore Connection Points (CPs) identified via SF-unique
sf-connection-point-id s, over which the SF could be connected to

ot her SFs resided on the same TE node, as well as to other elenents
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 in
TOSCA or YANG data store(s) defined by [ETSI-NFV-MAN] to retrieve the
details of the SFs, for exanple, to understand the SF s nutua
substitutability.

The TE Topol ogy nodel introduces a concept of Connectivity Matrix
(CM, and uses the CMto describe which and at what costs a TE node’s
LTPs could be inter-connected internally across the TE node. The
nmodel defined in this docunment heavily uses the same concept to
descri be the SF connectivity via introducing 3 additional CMs:

1. SF2SF CM This CM describes which pairs of SFs could be locally
i nter-connected, and, if yes, in which direction, via which CPs
and at what costs. In other words, the SF2SF CM descri bes how
SFs residing on the sanme TE node could be inter-connected into
| ocal fromthe TE node’s perspective SFCs;

2. SF2LTP 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 LTPs
and hence to SFs residing on neighboring TE nodes that are
connected to LTPs at the renote ends of correspondi ng TE |i nks;

3. SF2TTP CM This CM descri bes 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 topol ogy that
could be inter-connected with the TE node in question via TE
tunnel s term nated by the correspondi ng TTPs.

In addition to SF2SF CM the | ocal SF chaining could be described
with the help of ETSI nodels Virtual Links (VLs) [ETSI-NFV-MAN .

This option is especially useful when the costs of the |ocal chaining
are negligible as conpared to ones of the end-to-end SFCs said | oca
SFCs are part of.

3. Model Structure

nodul e: ietf-te-topol ogy- sf
augrment / nw net wor ks/ nw. net wor k/ nw. net wor k-t ypes/tet:te-topol ogy:
+--rw sf!
augrment / nw. net wor ks/ nw. net wor k/ nw: node/tet:te
/tet:te-node-attributes:
+--rw service-function
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+--rw connectivity-matrices
+--rw connectivity-matrix* [id]

I

| +-rwid ui nt 32

[ +--rw from

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

| | +--rw service-function-id? string
| | +--rw sf-connection-point-id? string
[ +--rw enabl ed? bool ean

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

+--rw link-term nations
+--rw link-term nation* [id]
+-rwid ui nt 32
+--rw from
| +--rwtp-ref? > oo
/nt:termination-point/tp-id

+--rwto

| +--rw service-function-id? string
| +--rw sf-connection-point-id? string
+--rw enabl ed? bool ean

+--rw direction? connectivity-direction
augrment / nw. net wor ks/ nw. net wor k/ nw. node/tet:te
/tet:information-source-entry:
+--ro service-function
+--ro0 connectivity-matrices
| +--ro connectivity-matrix* [id]

| +-roid ui nt 32

[ +--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 enabl ed? bool ean

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

+--ro link-term nations
+--ro link-term nation* [id]

+--roid ui nt 32

+--ro from

+--ro to

| +--ro service-function-id? string
| +--ro sf-connection-point-id? string
+--ro enabl ed? bool ean

+--ro direction? connectivity-direction
augrment / nw. net wor ks/ nw. net wor k/ nw. node/tet:te
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/tet:tunnel -termn nation-point:
+--rw service-function
+--rw tunnel -term nati ons
+--rw tunnel -term nation* [id]

+--rwid ui nt 32

+--rw service-function-id? string

+--rw sf-connection-point-id? string

+--rw enabl ed? bool ean

+--rw direction? connectivity-direction

4. YANG Mbdul es

<CODE BEG@ NS> file "ietf-te-topol ogy-sf @018-02-27. yang"
nodul e ietf-te-topol ogy-sf {
yang-version 1;
namespace "urn:ietf:paranms: xm:ns:yang:ietf-te-topol ogy-sf"”;

prefix "tet-sf";

import ietf-network {

prefix "nw';

}

i mport ietf-network-topol ogy {
prefix "nt";

}

inmport ietf-te-topol ogy {
prefix "tet";
}
organi zati on
"Traffic Engineering Architecture and Signaling (TEAS)
Wor ki ng Group”;
cont act
"W Web: <http://tools.ietf.org/ wy/teas/>
WG List: <nmailto:teas@etf.org>

Editors: lgor Bryskin
<mai | t o: | gor. Bryski n@uawei . con»

Xufeng Liu
<mai | to: Xufeng_Liu@abi | . con";

description
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"Network service and function aware aware TE topol ogy nodel.

Copyright (c) 2018 | ETF Trust and the persons identified as
authors of the code. All rights reserved.

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

wi thout nodification, is pernmitted pursuant to, and subject to
the license ternms contained in, the Sinplified BSD License set
forth in Section 4.c of the I ETF Trust’s Legal Provisions

Rel ating to | ETF Docunents
(http://trustee.ietf.org/license-info).";

revision 2018-02-27 {
description "lInitial revision";
reference "TBD';

}

/*
* Typedefs
*/
typedef connectivity-direction {
type enuneration {
enum "to" {
description
"The direction is uni-directional, towards the 'to

entity direction."”;

enum "front {
description
"The direction is uni-directional, fromthe 'to

entity direction.";

enum "bidir" {
description
"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.";

} /1 connectivity-direction

/*
* & oupi ngs
*/
groupi ng service-function-node-augnentation {
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description
"Augnenting a TE node to be network service and function
aware.";
cont ai ner service-function {
description
"Containing attributes related to network services and
network functions";
cont ai ner 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); Managenent and Orchestrati on.
RFC7665: Service Function Chaining (SFC) Architecture.”
list connectivity-matrix {
key "id";
description
"Represents the connectivity rel ations between network
servi ces/functions on a TE node.";
leaf id {
type uint32;
description "ldentifies the connectivity-matrix entry.";

}

contai ner from {
description
"Reference to the source network service or
network function.";
| eaf service-function-id {
type string;
description
"Reference to a network service or a network
function.";

| eaf sf-connection-point-id {
type string;
description
"Reference to a connection point on a network
service or a network function.";
}
Y} /1 from
container to {
description
"Reference to the destination network service or
network function.";
| eaf service-function-id {
type string;
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description
"Reference to a network service or a network
function.";

| eaf sf-connection-point-id {
type string;
description
"Reference to a connection point on a network
service or a network function."”;

}
} /1 to
| eaf enabled {
type bool ean;
description
""true’ if this connectivity entry is enabled.”
}

| eaf direction {
type connectivity-direction;
description
"I ndi cates whether this connectivity is
uni -directional, or bi-directional. If the
relation is uni-directional, the val ue of
this leaf indicates the direction.";

leaf virtual-link-id {
type string;
description
"Reference to a virtual link that nodels this
conectivity relation in the network function
nmodel . ";

} // connectivity-matrix
} // connectivity-matrices

contai ner link-term nations {
description
"Connectivity rel ations between network services/functions
and link ternmination points on a TE node, which can be
ei ther abstract or physical.”
ref erence
"ETSI GS NFV-MAN 01: Network Functions Virtualisation
(NFV); Managenent and Orchestration.
RFC7665: Service Function Chaining (SFC) Architecture.”
list link-term nation {
key "id";
description
"Each entry of the list represents the connectivity
relati on between a network service/function and
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a link term nation point on a TE node.";
leaf id {
type uint32;
description "ldentifies the ternmnation entry.";

}

cont ai ner from {
description
"Reference to the link termnation point."
Y} /1 from
container to {
description
"Reference to the network service or network
function.";
| eaf service-function-id {
type string;
description
"Reference to a network service or a network
function.";

| eaf sf-connection-point-id {
type string;
description
"Reference to a connection point on a network
service or a network function.";
}
} Il to
| eaf enabled {
type bool ean;
description
"'true' if this connectivity entry is enabled.";

| eaf direction {
type connectivity-direction;
description
"I ndi cates whether this connectivity is
uni -directional, or bi-directional. If the
relation is uni-directional, the val ue of
this leaf indicates the direction.”

} // link-termnation

}

} /] service-function-node-augnentation
groupi ng service-function-ttp-augnentation {

description
"Augmenting a tunnel termination point to be network service
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aware.";
cont ai ner service-function {
description
"Containing attributes related to network services and
network functions";
cont ai ner tunnel -termi nations {
description
"Connectivity rel ations between network services/functions
and tunnel term nation points on a TE node, which can be
ei ther abstract or physical.";
reference
"ETSI GS NFV-MAN 01: Network Functions Virtualisation
(NFV); Managenment and Orchestration.
RFC7665: Service Function Chaining (SFC) Architecture.”;
list tunnel-term nation {
key "id";
description
"Each entry of the list represents the connectivity
relati on between a network service/function and
a tunnel termination point on a TE node.";

leaf id {

type uint32;

description "ldentifies the ternmination entry.";
}
| eaf service-function-id {

type string;

description
"Reference to a network service or a network
function.";

| eaf sf-connection-point-id {
type string;
description
"Reference to a connection point on a network
service or a network function.";
}
| eaf enabled {
type bool ean;
description
""true' if this connectivity entry is enabled.";

| eaf direction {
type connectivity-direction
description
"I ndi cates whether this connectivity is
uni -directional, or bi-directional. If the
relation is uni-directional, the val ue of
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this |l eaf indicates the direction.";

} // link-termnation

}
}

} /] service-function-ttp-augnentation

groupi ng sf-topol ogy-type {
description
"Identifies the SF aware TE topol ogy type.";
contai ner sf {
presence "I ndidates that the TE topology is SF aware.";
description
"Its presence identifies that the TE topology is SF aware.";

}
} /] sf-topol ogy-type

/*

* Augnent ati ons

*/
/* Augnentations to network-types/te-topol ogy */
augrment "/ nw networ ks/ nw. net wor k/ nw. net wor k-t ypes/"

+ "tet:te-topol ogy" {

description

"Defines the SF aware TE topol ogy type."

uses sf-topol ogy-type;

}

/* Augnentations to te-node-attributes */
augrment "/ nw. net wor ks/ nw. net wor k/ nw. node/ tet:te/"
+ "tet:te-node-attributes" {
description
"Parameters for SF aware TE topol ogy."
uses service-function-node-augnentation

}

augrment "/ nw net wor ks/ nw. net wor k/ nw. node/tet:te/"
+ "tet:information-source-entry" {
description
"Paraneters for SF aware TE topol ogy.";
uses service-function-node-augnentation

}

/* Augnentations to tunnel -termn nation-point */
augrment "/ nw net wor ks/ nw. net wor k/ nw. node/tet:te/"
+ "tet:tunnel -term nation-point" {
description
"Paranmeters for SF aware TE topol ogy.";

Bryskin & Liu Expi res Septenber 2, 2018 [ Page 12]



Internet-Draft SF Aware Topo YANG Mbdel March 2018

uses service-function-ttp-augnmentation;

}

/* Augnentations to connectivity-matrix */
augrment "/ nw net wor ks/ nw. net wor k/ nw; node/tet:te/"
+ "tet:te-node-attributes/tet-sf:service-function/"
+ "tet-sf:link-terminations/tet-sf:link-term nation/"
+ "tet-sf:from {
description
"Add reference to the link term nation point.
This portion cannot be shared with the state nodule.";
| eaf tp-ref {
type leafref {
path “../../../..[../..]../nt:term nation-point/"
+ "nt:tp-id";
}

description
"Reference to the link termination point.";

}
}

}
<CODE ENDS>

5. | ANA Consi der ati ons

RFC Ed.: In this section, replace all occurrences of "XXXX wth the
actual RFC nunber (and renove this note).

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

URI: urn:ietf:parans:xnm:ns:yang:ietf-te-topol ogy- sf
Regi strant Contact: The | ESG
XML: N A the requested URI is an XM. nanespace.

URI: urn:ietf:parans:xnl:ns:yang:ietf-te-topology-sf-state
Regi strant Contact: The | ESG
XML: N A the requested URI is an XM. nanespace.

This docunent registers the follow ng YANG nodul es in the YANG Mdul e
Nanes registry [ RFC7950]:
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7.

7.

nane: ietf-te-topol ogy-sf

nanespace: urn:ietf:parans: xm :ns:yang:ietf-te-topol ogy-packet
prefix: tet - sf

ref erence: RFC XXXX

nane: ietf-te-topol ogy-sf-state

nanespace: urn:ietf:parans:xn:ns:yang:ietf-te-topol ogy-packet-state
prefix: tet-sf-s

ref erence: RFC XXXX

Security Considerations

The configuration, state, action and notification data defined in
thi s docunent are designed to be accessed via the NETCONF protocol
[ RFC6241]. The data-nodel by itself does not create any security
i mplications. 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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Appendi x A.  Conpani on YANG Model for Non- NVDA Conpliant |npl enmentations

The YANG nodul e ietf-te-topol ogy-sf defined in this docunment is
designed to be used in conjunction with inplenentations that support
the Network Managenent Datastore Architecture (NVDA) defined in
[I-D.ietf-netnod-revised-datastores]. In order to allow

i mpl ementations to use the nodel even in cases when NVDA is not
supported, the follow ng conpani on nodul e, ietf-te-topol ogy-sf-state,
is defined as state nodel, which mrrors the nodule ietf-te-topol ogy-
sf defined earlier in this docunent. However, all data nodes in the
conpani on nodul e are non-configurable, to represent the applied
configuration or the derived operational states.

The conpani on nodul e, ietf-te-topol ogy-sf-state, is redundant and
SHOULD NOT be supported by inplenmentations that support NVDA.

As the structure of the conpanion nodule nmirrors that of the
coor espi ndi ng NVDA nodel, the YANG tree of the conpanion nodule is
not depicted separately.

A.1. SF Aware TE Topol ogy State Mdul e

<CODE BEG NS> file "ietf-te-topol ogy-sf-state@018-02-27.yang"
nmodul e ietf-te-topol ogy-sf-state {

yang-version 1,

nanespace "urn:ietf:paranms:xm :ns:yang:ietf-te-topol ogy-sf-state”

prefix "tet-sf-s";

import ietf-te-topol ogy-sf {
prefix "tet-sf";

}

import ietf-network-state {
prefix "nws"

}

i mport ietf-network-topol ogy-state {
prefix "nt-s";

}

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

}

organi zati on
"Traffic Engineering Architecture and Signaling (TEAS)

Bryskin & Liu Expi res Septenber 2, 2018 [ Page 16]



Internet-Draft SF Aware Topo YANG Mbdel March 2018

Wor ki ng Group”;

cont act
"WG Web: <http://tools.ietf.org/ wy/teas/>
WG List: <nailto:teas@etf.org>

Editors: lgor Bryskin
<mai | t o: 1 gor. Bryski n@uawei . conr

Xufeng Liu
<mai |t o: Xuf eng_Liu@ abi | . com>";

description
"Network service and functi on aware aware TE topol ogy operationa
state nodel for non-NVDA conpliant inplenentations.

Copyright (c) 2018 | ETF Trust and the persons identified as
authors of the code. Al rights reserved.

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

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

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

revision 2018-02-27 {
description "lInitial revision";
reference "TBD';

}

/*
* Augnent ati ons
*/
/* Augnentations to network-types/te-topol ogy */
augrment "/ nw- s: net wor ks/ nw s: net wor k/ nw s: net wor k-t ypes/ "
+ "tet-s:te-topol ogy" {
description
"Defines the SF aware TE topol ogy type."
uses tet-sf:sf-topol ogy-type;

}

/* Augnmentations to connectivity-matrix */
augrment "/ nw-s: net wor ks/ nw s: net wor k/ nws: node/tet-s:te/"
+ "tet-s:te-node-attributes” {
description
"Paraneters for SF aware TE topol ogy.";
uses tet-sf:service-function-node-augnmentation
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}

augrment "/ nw-s: networ ks/ nws: networ k/ nws: node/tet-s:te/"
+ "tet-s:information-source-entry" {
description
"Parameters for SF aware TE topol ogy.";
uses tet-sf:service-function-node-augnentation;

}

/* Augnentations to tunnel-term nation-point */
augrment "/ nw-s: net wor ks/ nws: networ k/ nws: node/tet-s:te/"
+ "tet-s:tunnel -term nation-point" {
description
"Parameters for SF aware TE topol ogy.";
uses tet-sf:service-function-ttp-augnentation;

}

/* Augnentations to connectivity-matrix */
augrment "/ nw-s: net wor ks/ nw s: net work/ nws: node/tet-s:te/"
+ "tet-s:te-node-attributes/tet-sf-s:service-function/"
+ "tet-sf-s:link-termnations/tet-sf-s:link-termnation/"
+ "tet-sf-s:from {
description
"Add reference to the link term nation point.
This portion cannot be shared with the state nodule.";
| eaf tp-ref {
type leafref {
path “../../../..[..]..]..Int-s:termnation-point/"
+ "nt-s:tp-id";
}
description
"Reference to the link termination point.";
}

}
}
<CODE ENDS>

Appendi x B. Data Exanples

B.1. A Topology with Miultiple Connected Network Functions
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The configuration instance data for

Node- 1
F----0--0---- - e 0-------
| | |
[ \_/ \
| *\/ TTP_ 1 * * * % *x * * * % *\ / *
|* *  * * TTP_ 2 *
O---=-=-==-=-=-==-- K o o e f f f e e f e e e e e e e e e e e mm e e m =
| *
I * * * * %
o___ _____
| \ /
| \ /
[ \ CPO1 CP02/
| #----0----mm - 0------
| | VL1| VL4|
| ] | CP11 | CP33
| | +-o0--+ +----+ +-0--+
| | | VNFL] | VNF2| | VNF3|
| | +-o0-0+ VL2 +--0-+ VL2 +-0-0+
| |CP12| J\---------- R /] | CP32
| | | | CP13 CcP21 CP31| |
|| || VL2 ||
|1 e + |
| | e +
| | VL3
| | Net work Service 1
[ e
o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = =

SF Aware Topo YANG Mbdel

be as foll ows:

"networks": {
"network": [

Bryskin & Liu

"net wor k-types": {

"te-topol ogy": {

st {}

}
}1
"network-id": "network-sf-aware",
“provider-id": 201,
"client-id": 300,

"te-topol ogy-id": "te-topol ogy: net wor k- sf-aware",

"node": |

"node-id": "Node-1",
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"te-node-id": "2.0.1.1",
"te": {

"te-node-attributes”: {
"domain-id": 1,
"is-abstract": [null],
"connectivity-matrices": {

}

ervice-function": {
"connectivity-matrices": {
"connectivity-matrix": [

{
"id": 10,
"from': {
"service-function-id": "Network Service
"sf-connection-point-id': "CPOl1"
},
"to": {
"service-function-id": "VNF1",
"sf-connection-point-id': "CP11"
"direction": "bidir",
"virtual -link-id": "VL1"
},
{
"id": 13,
"from': {
"service-function-id": "VNF1",
"sf-connection-point-id": "CP12"
},
"to": {
"service-function-id": "VNF3",
"sf-connection-point-id': "CP32"
}
"direction": "bidir",
"virtual -link-id": "VL3"
}
{
"idr 12,
"from': {
"service-function-id": "VNF1",
"sf-connection-point-id": "CP13"
},
"to": {
"service-function-id": "VNF2",
"sf-connection-point-id': "CP21"
}
"direction": "bidir",
"virtual -link-id": "wvL2"
Expi res Septenber 2, 2018 [ Page
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1
{
"id": 23,
"from': {
"service-function-id": "VNF2",
"sf-connection-point-id": "CP21"
1
"to": {
"service-function-id": "VNF3"
"sf-connection-point-id": "CP31"
}
"direction": "bidir",
"virtual -link-id": "wvL2"
b
{
"id": 30,
"from': {
"service-function-id": "Network Service 1",
"sf-connection-point-id": "CP0O2"
}
"to": {
"service-function-id": "VNF3",
"sf-connection-point-id": "CP33"
"direction": "bidir",
"virtual -1ink-id": "VvL4"
}

]

i nk-term nations": {
"link-termnation": [

}

{
"id" 2,
"from': {
"tp-ref": "LTP-2"
I
"to": {
"service-function-id": "Network Service 1",
"sf-connection-point-id': "CP02"
}
"direction": "bidir"
b
{
"id": 3,
"from': {
"tp-ref": "LTP-3"
"to": {
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"service-function-id": "Network Service 1",
"sf-connection-point-id': "CPO1l"
}
“direction": "bidir"
}
]
}
}
"tunnel -term nation-point": [
{
“tunnel -tp-id": 10001,
"name": "TTP-1",
"service-function-termnations": {
}
H
{
“tunnel -tp-id": 10002,
"nanme": "TTP-2",
"service-function-termnations": {
}
}
]
1
"term nation-point": |
{
“"tp-id": "LTP-1",
"te-tp-id": 10001
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swtching-I2sc",
"encodi ng": "I sp-encodi ng-ethernet”
}
]
}
H
{
“"tp-id": "LTP-2",
"te-tp-id": 10002
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "sw tching-I2sc",
"encodi ng": "I sp-encodi ng-ethernet”
}
]
}
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H
{
“"tp-id": "LTP-3",
"te-tp-id": 10003
"te": {
"interface-sw tching-capability": [
"swi tching-capability": "swtching-I2sc",
"encodi ng": "I sp-encodi ng-ethernet”
}
]
}
H
{
"tp-id": "LTP-4",
"te-tp-id": 10004
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "swtching-I2sc",
"encodi ng": "I sp-encodi ng-ethernet”
}
]
}
}

B.2. A Topology with an Encapsul ated Network Service

In this exanple, a network service consists of several inter-
connected network functions (NFs), and is represented by this nodel
as an encapsul at ed opaque object without the details between its

i nternals.
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Node- 1
L L T T 0------- +
| | | |
| \_/ \__ I
| *\/ TTP_l * * * % *x * * * % *\/* |
LTP-4 |* * * * TTP-2 * | LTP-1
O------------ R R o]
I * *
LTP_3 I* * * % * *I LTP—2
o--- e o
\ /
\ /
\ CPO1 CP02/

The configuration instance data for Node-1 in the above figure could
be as foll ows:

{

"networks": {
"network": [

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

}

etwork-id": "network-sf-aware",
"provider-id": 201,
"client-id": 300,
"te-topol ogy-id": "te-topol ogy: net work-sf-aware",
"node": |
{
"node-id": "Node-1",
"te-node-id": "2.0.1.1",
"te": {

"te-node-attributes": {
"domai n-id": 1,
"is-abstract": [null],
"connectivity-matrices": {

}

ervice-function": {
"connectivity-matrices": {

}
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"link-termnations": {
"l'ink-term nation": [

{
“id": 2,
"from': {
"tp-ref": "LTP-2"
1
"to": {
"service-function-id": "Network Service 1",
"sf-connection-point-id": "CP02"
}
"direction": "bidir"
1
{
“id": 3,
"from': {
"tp-ref": "LTP-3"
}
"to": {
"service-function-id": "Network Service 1",
"sf-connection-point-id': "CPOl1"
}
"direction": "bidir"
}
]
}
}
"tunnel -term nation-point": [
{
"tunnel -tp-id": 10001,
"name": "TTP-1",
"service-function-termnations": {
}
b
{
"tunnel -tp-id": 10002,
"name": "TTP-2",
"service-function-termnations": {
}
}

]

erm nation-point": [

}

"tp-id": "LTP-1",
"te-tp-id": 10001
"te": {
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"interface-sw tching-capability": [

"swi tching-capability": "swtching-I2sc",
"encodi ng": "I sp-encodi ng-ethernet"”
}
]
}
},
{
"tp-id": "LTP-2",
"te-tp-id": 10002
"te": {
"interface-sw tching-capability": [
"switching-capability": "swtching-I2sc",
"encodi ng": "I sp-encodi ng-ethernet"”
}
]
}
},
{
"tp-id": "LTP-3",
"te-tp-id": 10003
"te": {
"interface-sw tching-capability": [
{
"swi tching-capability": "swtching-I2sc",
"encodi ng": "I sp-encodi ng-ethernet"”
}
]
}
},
{
"tp-id": "LTP-4",
"te-tp-id": 10004
"te": {
"interface-sw tching-capability": [
"switching-capability": "swtching-I2sc",
"encodi ng": "I sp-encodi ng-ethernet"”
}
]
}
}
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