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Abstract

Thi s docunent defines a framework for a YANG data nodel for
configuring and managi ng | abel swi tched paths, including the
signaling protocols, traffic engineering, and operational aspects
based on carrier and content provider operational requirenents.
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I nt roducti on

Thi s docunment describes a YANG [ RFC6020] data node

.1. Traffic englneeréd p2p LSP S|gnaled mnth RSVP:

for

traffic engineering, covering | abel switched path (LSP)
configuration, as well as signaling protocol configuration. The
nodel is intended to be vendor-neutral, in order to allow operators
to manage MPLS in heterogeneous environments with physical or virtua
devices (routers, switches, servers, etc.) supplied by multiple
vendors. The nodel is also intended to be readily mapped to existing
i npl ementations, to facilitate support fromas |large a set of routing

hardware and software vendors as possible.

Goal s and approach

CO~NOGTOTADNN

MPLS and

The focus area of the nodel in this revision, is to set forth a
framework for MPLS, with hooks into which information specific to
various signaling-protocols can be added. The franework is built
around functionality froma network operator perspective rather than
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a signaling protocol -centric approach. For example, a traffic-

engi neered LSP will have configuration relating to its path
comput ati on nethod, regardl ess of whether it is signaled with RSVP-TE
or with segnent routing. Thus, rather than creating separate per-
signaling protocol nodels and trying to stitch them under a conmon
unbrella, this framework focuses on functionality, and adds signaling
protocol -specific informati on under it where applicable.

This nmodel does not aimto be feature conplete (i.e., cover al
possi bl e aspects or features of MPLS). Rather its devel opnent is
driven by examination of actual production configurations in use
across a nunber of operator network depl oynents.

Configuration itens that are deened to be widely available in

exi sting major inplementations are included in the nodel. Those
configuration itens that are only available froma single

i npl ementation are onmtted fromthe nodel with the expectation they
will be available in conpanion nodul es that augnent the current
nodel. This allows clarity in identifying data that is part of the
vendor - neutral nodel

An inportant aspect of the nodel is the representation of operationa
state data. This draft takes the approach described in

[I-D. openconfi g-net nod- opstate] and nodel s configuration and
operational state together. Thus, rather than building a separate
tree of operational state, the operational state and configuration
data are located in parallel containers at the | eaves of the data
nodel . This approach allows easy reuse of groupings across nodel s,
as well as nmaking it easier to correlate configuration and state.

The consol i dated MPLS nodel enconpasses the signaling protocols,

| abel - swi tched paths (configuration and operational state), and
generic TE attributes. The nodel is designed froman operational and
functional perspective, rather than focusing on protocol-centric
configuration. This allows protocol -i ndependent functions to be

| ogically separated from protocol -specific details.

One question that arises in this approach is how the consolidated
nmodel is integrated with routing instances (e.g., VRFs). This node
shoul d be considered as part of a higher |evel network device nodel
whi ch includes definitions for other routing protocols and system
services. For exanple, in [I|-D. openconfig-netnod-nodel -structure],
VRFs and ot her |ogical instances are defined with MPLS/ TE conponents
within VRFs as appropriate. In particular, some parts of the MPLS
nmodel would be instantiated within a VRF, while other parts would
have common definitions across VRFs.
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Where possible, naming in the nodel follows conventions used in
avai |l abl e standards docunents, and otherwi se tries to be self-

expl anatory with sufficient descriptions of the intended behavi or
Simlarly, configuration data value constraints and default val ues,
where used, are based on recommendations in current standards
docunentation. Since inplenentations vary widely in this respect,
this version of the nodel specifies only alimted set of defaults
and ranges with the expectation of being nore prescriptive in future
versi ons based on actual operator use.

Note that this version of the nodel is a work-in-progress in severa
respects. Although we present a conplete framework for MPLS and
traffic engineering froman operational perspective, sonme signaling
protocol configuration will be conpleted in future revisions. The
current revision has focus on traffic engineered LSPs signaled with
RSVP.

2. Model overvi ew

The overall MPLS npbdel is defined across several YANG nodul es and
subnmodul es but at a high level is organized into 4 main sections:

o global -- configuration affecting MPLS behavi or which exists
i ndependently of the underlying signaling protocol or |abe
switched path configuration.

0 te-global-attributes -- configuration affecting MPLS-TE behavi or
whi ch exi sts independently of the underlying signaling protocol or
| abel switched path configuration.

o signaling protocols -- configuration specific to signaling
protocol s used to setup and nanage | abel sw tched pat hs.

o label switched paths -- configuration specific to instantiating
and nanagi ng i ndivi dual |abel sw tched paths.

The top level of the nodel is shown in the tree view bel ow

+--rw npl s!
+--rw gl oba

+--rw te-global -attributes

+--rw si gnaling-protocol s

+-rw | sps
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2.1. MPLS gl oba

The gl obal section of the franmework provides configuration data for
MPLS itens which exist independently of an individual |abel swtched
path or signaling protocol and are applicable to the MPLS protoco
itself. |Itens such as the depth of the |label stack supported, or
specific | abel ranges nmay be included here.

2.2. TE global attributes

The TE gl obal attributes section of the framework provides
configuration control for MPLS-TE itenms which exist independently of
an individual |abel switched path or signaling protocol. These
standal one itens are applicable to the entire | ogical routing device,
and establish fundanental configuration such as the threshold for

i nterface bandwi dth change that triggers update events into the IGP
traffic engineering database (TED). Tinmers are also specified which
determine the length of tine an LSP nust be present before being
consi dered viable for forwarding use (te-lsp-install-delay), and the
I ength of tine between LSP teardown and renoval of the LSP fromthe
network elenment’s forwarding i nformati on base (te-I|sp-cl eanup-del ay).
Al so specified are the nanme to val ue mappi ngs of MPLS adnministrative
groups (npl s-adm n-groups) and shared risk |ink groups (npls-te-
srlg).
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+--rw te-global -attributes
+--rw npls-te-srlg
| +--rwsrlg* [srlg-nane]

[ +--rw srl g-nane | eaf r ef
| +--rw config

| | +--rw srlg-nane? string
| | +--rw srlg-value? ui nt 32
| | +--rwsrlg-cost? ui nt 32
I

+--r0 state

Cct ober 2015

+--rw nenbers-list* [from address]

||

| | +--rw from address

| | +--rw config

| | +--rw from address?
| | +--rw to-address?

+--rw i gp-fl oodi ng- bandw dt h

+--rw config
+--rw t hreshol d-type?
+--rw del t a- per cent age?
+--rw t hreshol d-specification?
+--rw up-threshol ds*
+--rw down-t hreshol ds*
+--rw up-down-t hreshol ds*

--ro state

—

. +--rw npl s-admi n- groups

+--rw adm n- gr oup- name
| +--rw admi n- group- nane?

| +--rw adm n-group-val ue?
+--rw state

I
I
| +--rw config
I
I
I

+-rwte-lsp-tiners

+--rw config

| +--rwte-lsp-install-delay?

| +--rwte-Isp-cleanup-del ay?

| +--rwte-lsp-reoptimze-timer?
+--ro state

2.3. TE interface attributes overvi ew

| eaf r ef

i net:ip-address
i net:ip-address

enuner ati on
oc-types: per cent age
enuner ati on
oc-types: percent age
oc-types: percent age
oc-types: percent age

+--rw adm n-group* [adm n-group- nane]
| eaf r ef

string
ui nt 32

ui nt 16
ui nt 16
ui nt 16

The TE interface attributes section of the framework provides
configuration and state related to traffic engi neering such as te-

metric or shared risk link group configuration.
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+--rwte-intf-attributes
+--rwinterface* [interface-nane]

I

| +--rw interface-name | eaf r ef

[ +--rw config

| | +--rwinterface-nane? ocif:interface-ref
| | +--rwte-netric? ui nt 32

I

| +--rwsrlg* [srlg-nane]
| | +-- rw adm n- gr oup* [admi n-group- nane]
| | +--rwigp-flooding-bandwi dth

| +--ro state

2.4. Signaling protocol overview

The signaling protocol section of the framework provides
configuration elenents for configuring three major nethods of
signaling | abel switched paths: RSVP-TE, segment routing, and | abel
distribution protocol (LDP). BGP-LUw Il be included in a future
version of this draft by definitions in the BGP nodel
([I-D.ietf-idr-bgp-nodel]) and correspondi ng augnentations to the
MPLS nodel .

+--rw si gnaling-protocol s
| +--rwrsvp-te

+--rw segnent-routing

I
I
[ c.
| +-rwldp

I

Configuration of RSVP-TE is centered around interfaces on the device
which participate in the protocol. A key focus is to expose commobn
RSVP-TE configuration paranmeters which are used to enhance scal e and
reliability. Itenms which are applicable globally in the RSVP-TE
protocol such as graceful restart, soft preenption and various
statistics are grouped into a gl obal section under the protocol.

RSVP nei ghbor and session state are also available in the RSVP
section.
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+--rw rsvp-te

| | +--rwrsvp-sessions

| | | +--rweconfig

| | | +--ro state

I +--ro0 rsvp-session* [source-port destination-port
sour ce- address destinati on-address]

+--rw rsvp- nei ghbors

| +--rwconfig

| +--ro state

| +--ro0 rsvp-nei ghbor* [nei ghbor-address]

| | +--rw global
| | | +--rwgraceful-restart

| | | +--rwsoft-preenption

| | | +--ro statistics
I +--ro counters

| | +--rwinterface-attributes

| ] +-rwinterface* [interface-nane]
| ] +--rw i nterface-name | eaf ref
| ] +--rw rsvp-hell os

| ] +--rw aut hentication

| +--rw subscription

| +--rw protection

Contai ners for specifying signaling via segnent routing and LDP are
al so present. Specific subelenents will be added for those
protocols, as well as for BGP | abel ed unicast, in the next revision.

2.5. LSP overview
This part of the framework contains LSP infornmation. At the high
| evel, LSPs are split into three categories: traffic-engineering-

capabl e (constrai ned-path), non-traffic-engi neered determ ned by the
I GP (unconstrai ned-path), and hop-by-hop configured (static).
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+--rw npl s!
+--rw | sps
+--rw constrai ned-path
[ C
+--rw unconst rai ned- path
[ .

+--rw static-1sps

The first two categories, constrained-path and unconstrai ned-path are
the ones for which nultiple signaling protocols exist, and are

organi zed in protocol -specific and protocol -i ndependent secti ons.

For exanple, traffic-engineered (constrained path) LSPs nmay be set up
usi ng RSVP-TE or segnent routing, and unconstrained LSPs that follow
the 1GP path may be signaled with LDP or with segnent routing. |GP-
determ ned LSPs may al so be signaled by RSVP but this usage is not
considered in the current version of the nodel.

A portion of the data nodel for constrained path traffic-engi neered
LSPs signaled with RSVP is shown below. It contains configuration
for naned explicit paths and for tunnels. Tunnel configuration
differs for p2p and p2np LSPs. In either case, sone part of the
nmodel is signaling-protocol independent. For exanple for a p2p LSP
attributes such as the path conputation nethod, the constraints for
the the path, the bandwidth allocated to it, and even the frequency
of reoptim zation are signaling-protocol independent, while other
data, such as the setup and hold priorities are protocol -specific and
are specified in the protocol specific part of the nodel.
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+--rw | sps
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+--rw constrai ned-path
| +--rwexplicit-path* [nane]

et al.

+--rw tunnel * [nane type]

+--rw hame | eaf r ef
+--rw type | eaf r ef
+--rw config

+--rw nane?

+--rw type?

+--rw | ocal -i d?
+--rw description?
+--rw adm n-status?
+--rw preference?
+--rw netric?
+--rw (bandwi dt h) ?

+--rw protection-styl e-requested?
+--rwte-lsp-reoptimze-tinmer?

Cct ober 2015

string

i dentityref
uni on

string

i dentityref
uint8
te-netric-type

i dentityref
uint 16

+--rw (signaling-specific-tunnel-attributes)?

| +--:(RSVP)
| +--rw source?

| +--rw soft-preenption?

+--rw (tunnel -type)?
+--:(p2p)

+--rw destination?

+--rw primary-paths* [nane]

| +--rw preference?
| +--rw pat h-conputati on- net hod

I
I
| | +--rw nanme
I
I

| | +--rw admn-

+--r0 state

Expires April

groups

+--rw no-cspf?

21, 2016

i net:ip-address
bool ean

i net:ip-address

string
uint8

enpty

I

| +--rw (sigaling-specific-path-attributes)?
| +--: (RSVP)
| | +--rw setup-priority?
| | +--rw hold-priority?
[ | +--rwretry-tiner?
I
I
I
+

ui nt 8
ui nt 8
ui nt 16

enuner ati on

+--rw sid-protection-required? bool ean

+-: (SR
+--rw si d-sel ecti on-node?
--rw secondary- pat hs* [ nane]

[ Page 10]



Internet-Draft MPLS / TE Mbdel Cct ober 2015

Similarly, the partial nodel for non-traffic-engineered, or |GP-
based, LSPs is shown bel ow

+--rw npl s!
+-rw | sps
+--rw unconst rai ned- path
+--rw pat h- set up- pr ot ocol
+--rw | dp!
| .

+——rM/sé§nent—routing!
3. Exanpl e use cases
3.1. Traffic engineered p2p LSP signaled with RSVP
A possible scenario nmay be the establishnent of a nesh of traffic-

engi neered LSPs where RSVP signaling is desired, and the LSPs use a
| ocal constrained path calculation to determine their path. These

LSPs would fall into the category of a constrained-path LSP, and the

tunnel type is p2p. Attributes such as netric, bandwi dth or the
style of protection desired are also defined at this (protocol -

i ndependent) level in the nodel. The path is defined to be |ocally-
conput ed under the path-conputation-method container, specifying the
use of CSPF (use-cspf). Additional attributes for the path, such as

its RSVP priorities are specified at the path | evel under the
prot ocol - speci fic stanza.
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+--rw npl s!
+--rw | sps
+--rw constrai ned-path

+--rw tunnel * [nane type]

I

| +--rw hame | eaf r ef

| +--rw type | eaf r ef

| +--rw config

| | +--rw name? string

[ | +--rwtype? i dentityref

| | +--rwnetric? te-netric-type
I I

+--rw (bandwi dth) ?

| | +--rw protection-styl e-requested? i dentityref
| | +--rwte-lsp-reoptimze-timer? uint16

:Ir.—.—rw(tunnel—type)?

I I

I I +--:(p2p)

| | | +--rw destination? i net:ip-address
| | | +--rw primary-paths* [ nane]

| | | | +--rw nane string

| | | | +--rw preference? uint8

I I I

| +--rw path-conputation-net hhod

| | | | +--rw adm n-groups

+--rw sid-protection-required? bool ean
+--rw secondary- pat hs* [ nane]

| | | | +--rwno-cspf? enpty

| | | | +--rw(sigaling-specific-path-attributes)?

I I || +- -1 (RSVP)

I [ | | | +--rw setup-priority? uint 8

| | [ | +--rwhold-priority? ui nt 8

| [ | ] | +--rwretry-timer? ui nt 16

| | || +--: (SR

I | [ ] +--rw si d-sel ecti on-node? enuneration
I I |

I I I

| +--ro sta'.[.e.
3.2. Traffic engineered LSP signaled with SR

A possible scenario may be the establishment of disjoint paths in a
network where there is no requirenent for per-LSP state to be held on
m dpoi nt nodes within the network, or RSVP-TE is unsuitable (as
described in [I-D.ietf-spring-segnent-routing-npls] and

[1-D. shakir-rtgwg-sr-performance-engi neered-I1sps]). Such LSPs fall
in the constrained-path category. Sinmilar to any other traffic

engi neered LSPs, the path conmputation nethod nust be specified. Path
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attributes, such as the as |sp- placenent-constraints (expressed as
adm ni strative groups) or nmetric nmust be defined. Finally, the path
must be specified in a signaling- protocol specific manner
appropriate for SR The sane configuration elenents fromthe tree
above apply in this case, except that path setup is done by the head-
end by building a | abel stack, rather than signal ed.

3.3. I GP-congruent LDP-signaled LSP

A possible scenario may be the establishnent of a full nmesh of LSPs.
When traffic engineering is not an objective, no constraints are

pl aced on the end-to-end path, and the best- effort path can be setup
using LDP signaling sinply for |abel distribution. The LSPs follow

| GP-comput ed paths, and fall in the unconstrained-path category in
the nmodel. Protocol -specific configuration pertaining to the
signaling protocol used, such as the FEC definition and netrics
assigned are in the path- setup-protocol portion of the nodel.

The relevant part of the nodel for this case is shown bel ow

+--rw npl s!
+-rw | sps
+--rw unconst rai ned- path
+--rw pat h- set up- pr ot ocol
+--rw | dp!
+--rw tunne
+--rw tunnel -type? mpl st: tunnel -type

+--rw | dp-type? enuner ation
+-rw p2p-1sp
| +--rw fec-address* inet:ip-prefix

+--rw p2np-1sp
+--rw np2np-1 sp

A common operational issue encountered when using LDP is traffic

bl ackhol i ng under the follow ng scenario: when an | GP failure occurs,
LDP is not aware of it as these are two protocols running

i ndependently, resulting in traffic blackholing at the IGP failure
poi nt even though LDP is up and running. LDP-1GP synchronization

[ RFC5443] can be used to cost out the IGP failing point/segnent to
avoi d the bl ackholing issue. The LDP-1GP synchronization function
will be incorporated in a future version of this docunent.

Note that targeted LDP sessions are not discussed in this use case,

and will be incorporated as a separate use case in a future version
of this docunent.
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4. Security Considerations

MPLS configuration has a significant inpact on network operations,
and as such any related protocol or nodel carries potential security
risks.

YANG data nodel s are generally designed to be used with the NETCONF
protocol over an SSH transport. This provides an authenticated and
secure channel over which to transfer BGP configuration and
operational data. Note that use of alternate transport or data
encoding (e.g., JSON over HTTPS) would require sinilar nechanisns for
aut henti cating and securing access to configuration data.

Most of the data elements in the configuration nodel could be
consi dered sensitive froma security standpoint. Unauthorized access
or invalid data could cause mmjor disruption

5. | ANA Consi derati ons

Thi s YANG data nodel and the conponent nodul es currently use a
tenporary ad-hoc nanespace. |If and when it is placed on redirected
for the standards track, an appropriate nanespace URl wll be
registered in the ETF XM. Regi stry" [RFC3688]. The MPLS YANG
nodul es will be registered in the "YANG Modul e Names" registry

[ RFC6020] .

6. YANG nodul es

The nodul es and subnodul es conprising the MPLS confi guration and
operational nodel are currently organi zed as depcited bel ow.

Fommm e +
L R >| MPLS |< —————————————— +
I Homo-- + I
I n I
I I I
[ R S + F [ R, + +--- - - +--- - - +
| TE LSPs | | | GP-based LSPs | | static LSPs
I I I I I
[ SR + o e e oo + o m e e oo +
VAN VAN VAN VAN
| - + | Ty +
I I I I
| +--- - - - + +- - - - -+ +--+- -+
+---+ RSVP | | SEGVENT| | LDP |
Homm - - - + | ROUTI NG +-- - - - +
Fom e e +
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The base MPLS nodul e incl udes subnodul es describing the three
different types of support LSPs, i.e., traffic-engi neered

(constrai ned-path), |IGP congruent (unconstrained-path), and static.
The signaling protocol specific parts of the nbpdel are described in
separate nodul es for RSVP, segnent routing, and LDP. As nentioned
earlier, support for BGP | abel ed unicast is also planned in a future
revision.

A nodul e defining various reusable MPLS types is included, and these
nmodul es al so nake use of the standard Internet types, such as IP
addresses, as defined in RFC 6991 [ RFC6991].

6.1. MPLS base npdul es

<CODE BEG NS> fil e openconfig-npls.yang
nmodul e openconfig-npls {

yang-version "1";

/'l namespace
nanespace "http://openconfig.net/yang/ npls";

prefix "mpls";

/1 inmport some basic types

i mport openconfig-npls-rsvp { prefix rsvp; }
i mport openconfig-npls-sr { prefix sr; }

i mport openconfig-npls-ldp { prefix Idp; }

i mport openconfig-types { prefix oc-types; }
i mport openconfig-interfaces { prefix ocif; }

/1 include subnodul es

i ncl ude openconfig-npls-te;

i ncl ude openconfi g-npls-igp

i ncl ude openconfi g-npl s-stati c;

/Il meta
organi zati on "OpenConfig working group"
cont act

"OpenConfi g working group

net openconfi g@oogl egr oups. cont';

description
"Thi s nodul e provi des data definitions for configuration of
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Mul tiprotocol Label Switching (MPLS) and associated protocols for
signaling and traffic engineering.

RFC 3031: Multiprotocol Label Switching Architecture

The MPLS / TE data nodel consists of several nodul es and
subrmodul es as shown bel ow. The top-level MPLS nodul e descri bes
the overall framework. Three types of LSPs are supported:

i) traffic-engineered (or constrained-path)

ii) IGP-congruent (LSPs that follow the | GP path)

iii) static LSPs which are not signal ed

The structure of each of these LSP configurations is defined in
correspondi ng subnodul es. Conpani on nodul es define the rel evant

configuration and operational data specific to key signaling
protocol s used in operational practice.

Fom e e e +
L e >| MPLS |< —————————————— +
I Hoo----- + I
I A I
I I I
[ + o m e e oo Fomm e e + +--o - - +--o - - +
| TE LSPs | | 1GP-based LSPs | | static LSPs
I I I I I
[ RS + o a oo + Fom e e oo - +
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| B + | [ S, +
| | | |
[ Homm - - - + H- - - - -+ +- - - -+
+---+ RSVP | | SEGVENT| | LDP |
R + | ROUTI NG +o---- +
[ R, +

revision "2015-10- 14" {
description
"Work in progress”;
reference "TBD';

}

/| extension statenents

/|l feature statenents
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/] identity statenments

/1 grouping statenents

groupi ng npl s-adni n-group_config {
description
"configuration data for MPLS |link adm n groups";

| eaf adm n-group-nane {
type string;
description "name for npls adm n-group”;

}
| eaf adm n-group-val ue {

type uint32;

description "value for npls adm n-group”
}

}
groupi ng npl s-adm n-groups-top {

description "top-level npls adm n-groups config
and state containers";

cont ai ner npl s-adm n-groups {
description
"Top-1evel container for adm n-groups configuration
and state";

list adm n-group {
key adm n- group- nane;
description "configuration of value to name nmappi ng
for nmpls affinities/adm n-groups"

| eaf adm n-group-nanme {
type leafref {
path "../npls:config/npls:adm n-group-nane";
}
description
"name for npls adnin-group";
}

contai ner config {
description "Configurable itenms for adm n-groups”;
uses npl s-adm n-group_confi g;

}
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contai ner state {
description "QOperational state for adm n-groups”;
uses npl s-adm n-group_confi g;
}
}
}
}

groupi ng npl s-te-igp-fl oodi ng-bandw dth_config {
description
"Configurable itens for igp flooding bandw dth
threshold configuration.";
| eaf threshold-type {
type enuneration {
enum DELTA {
description "DELTA indicates that the |oca
system shoul d fl ood | GP updat es when a
change in reserved bandwi dth >= the specified
delta occurs on the interface.";

}
enum THRESHOLD- CROSSED {
description "THRESHOLD- CROSSED i ndi cates t hat
the | ocal system should trigger an update (and
hence flood) the reserved bandw dth when the
reserved bandwi dth changes such that it crosses
or beconmes equal to one of the threshold val ues.”
}
}
description
"The type of threshold that should be used to specify the
val ues at which bandwi dth is flooded. DELTA indicates that
the | ocal system should flood | GP updates when a change in
reserved bandwi dth >= the specified delta occurs on the
interface. Wiere THRESHOLD- CROSSED i s specified, the |oca
system shoul d trigger an update (and hence fl ood) the
reserved bandwi dth when the reserved bandw dt h changes such

that it crosses, or becones equal to one of the threshold
val ues";

}

| eaf delta-percentage {
when "../threshol d-type = 'DELTA " {
description
"The percentage delta can only be specified when the

threshold type is specified to be a percentage delta of
the reserved bandw dt h*;

}

type oc-types: percent age;
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description
"The percentage of the maxi numreservabl e- bandw dt h
considered as the delta that results in an | GP update
bei ng fl ooded";
}

| eaf threshol d-specification {
when "../threshol d-type =’ THRESHOLD- CROSSED " {
description
"The sel ection of whether mirrored or separate threshold

val ues are to be used requires user specified thresholds to
be set”;
}
type enuneration {
enum M RRORED- UP- DOMN {
description
"M RRORED- UP- DOMN i ndi cates that a single set of
t hreshol d val ues should be used for both increasing
and decreasi ng bandw dt h when det erni ni ng whet her
to trigger updated bandw dth val ues to be fl ooded
in the | GP TE extensions.”

}
enum SEPARATE- UP- DOMN {
description

" SEPARATE- UP- DOMN i ndi cates that a separate
t hreshol d val ues should be used for the increasing
and decreasi ng bandw dth when det erm ni ng whet her
to trigger updated bandw dth val ues to be fl ooded
in the |G TE extensions.";

}

}

description

"This val ue specifies whether a single set of threshold

val ues shoul d be used for both increasing and decreasing
bandwi dt h when determ ning whether to trigger updated

bandwi dth val ues to be flooded in the | GP TE extensions.

M RRORED- UP- DOMN i ndi cates that a single value (or set of

val ues) shoul d be used for both increasing and decreasing
val ues, where SEPARATE- UP- DOWN specifies that the increasing
and decreasing values will be separately specified";

}

| eaf-1ist up-thresholds {
when "../threshol d-type =’ THRESHOLD- CROSSED " +
"and ../threshol d-specification = ' SEPARATE- UP- DOMWN " {
description
"A list of up-thresholds can only be specified when the
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bandwi dth update is triggered based on crossing a
threshol d and separate up and down thresholds are
required”;
}
type oc-types: percent age;
description
"The thresholds (expressed as a percentage of the maxi mum
reservabl e bandwi dt h) at whi ch bandw dth updates are to be
triggered when the bandwi dth is increasing.”

| eaf-1ist down-threshol ds {
when "../threshol d-type = ' THRESHOLD- CROSSED " +
"and ../threshol d-specification = ' SEPARATE- UP- DOAWN " {
description
"A list of down-thresholds can only be specified when the
bandwi dth update is triggered based on crossing a
threshold and separate up and down threshol ds are
required";
}
type oc-types: percent age;
description
"The threshol ds (expressed as a percentage of the maxi num
reservabl e bandwi dt h) at whi ch bandwi dth updates are to be
triggered when the bandwi dth is decreasing."

| eaf-1ist up-down-threshol ds {
when "../threshol d-type = ' THRESHOLD- CROSSED " +
"and ../threshol d-specification = 'M RRORED UP- DONN " {
description
"Alist of thresholds corresponding to both increasing
and decreasi ng bandw dt hs can be specified only when an
update is triggered based on crossing a threshold, and
the sane up and down thresholds are required."”;
}
type oc-types: percent age;
description
"The thresholds (expressed as a percentage of the maxi num
reservabl e bandwi dth of the interface) at which bandw dth
updates are fl ooded - used both when the bandwidth is
i ncreasi ng and decreasi ng"
}
}

groupi ng npl s-te-igp-floodi ng-bandwdith-if {
description "Interface-level group for traffic engineering
dat abase fl oodi ng options options";
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cont ai ner igp-fl oodi ng-bandw dth {
description "Interface bandw dth change percentages
that trigger update events into the IGP traffic
engi neering database (TED)";
uses npls-te-igp-flooding-bandw dth_confi g;
}
}

grouping npls-te-igp-floodi ng-bandw dth {
description "Top | evel group for traffic engineering
dat abase fl oodi ng options";
cont ai ner i gp-fl oodi ng-bandw dth {
description "Interface bandw dth change percentages
that trigger update events into the IGP traffic
engi neering database (TED)";
container config {
description "Configuration parameters for TED
update threshold ";
uses npls-te-igp-flooding-bandw dth_confi g;
}
contai ner state {
config fal se
description "State paranmeters for TED update threshold ";
uses npls-te-igp-flooding-bandw dth_config;
}
}
}

grouping te_l sp_delay_config {
description "Goup for the timers goerning the del ay
in installation and cl eanup of TE LSPs”

| eaf te-Isp-install-delay {
type uintl1l6 {
range 0..3600;
}

units seconds;
description "delay the use of newy installed te Isp for a
speci fied anount of tine.";

}

| eaf te-Isp-cleanup-delay {
type uint 16;
units seconds;
description "delay the renoval of old te Isp for a specified
amount of time";
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}
}

grouping te-interface-attributes-top {
description
"Top level grouping for attributes
for TE interfaces.";

list interface {
key interface-nang;
description "List of TE interfaces";

| eaf interface-nane {
type leafref {
path "../config/interface-nane";
require-instance true;
}
description "The interface nane";

}

contai ner config {
description
"Configuration paraneters related to TE interfaces:"
uses te-interface-attributes-config;

}

contai ner state {
config fal se
description "State paraneters related to TE i nterfaces”;
uses te-interface-attributes-config;
}
}
}

grouping te-interface-attributes-config {
description "global Ievel definitions for interfaces
on which TE is run";

| eaf interface-nane {
type ocif:interface-ref;
description "reference to interface nane";

}
leaf te-metric {

type uint32;

description "TE specific netric for the |ink";
}
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list srlg {
key srl g-nane;
description "list of shared risk Iink groups on the
interface";
| eaf srlg-nane {
type string;
description "The SRLG group identifier";
}
}
list adm n-group {
key admi n- group- nane;
description "list of adnmin groups on the
interface";
| eaf adm n-group- nane {
type string;
description "The admin group identifier";
}
}
uses npls-te-igp-flooding-bandwdith-if;

}

groupi ng npl s-te-lsp-tinmers {
description
"Grouping for traffic engineering timers”
container te-lsp-tiners {
description
"definition for delays associated with setup
and cl eanup of TE LSPs";

contai ner config {
description
"Configuration paraneters rel ated
to timers for TE LSPs";

uses te_| sp_del ay_confi g;
uses te-tunnel -reoptim ze_confi g;
}
contai ner state {
config fal se
description "State related to tiners for TE LSPs";

uses te_| sp_del ay_confi g;
uses te-tunnel -reoptinm ze_confi g;
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}

contai ner npls {
presence "top-level container for MPLS config and operationa
state";

description "Anchor point for npls configuration and operationa
data";

cont ai ner gl obal {

/'l entropy | abel support, label ranges will be added here.
description "general npls configuration applicable to any
type of LSP and signaling protocol - |abel ranges,
entropy | abel supportmay be added here"

contai ner te-global-attributes {
description "traffic-engineering global attributes";
uses npls-te-srlig-top
uses npl s-te-igp-floodi ng- bandwi dt h;
uses npl s-adm n-groups-top
uses npl s-te-Isp-tiners;

}

container te-intf-attributes {
description "traffic engineering attributes specific
for interfaces”;
uses te-interface-attributes-top

}

cont ai ner signaling-protocols {
description "top-level signaling protocol configuration";

uses rsvp: rsvp-gl obal
uses sr:sr-global
uses | dp: | dp-gl obal

}

contai ner |sps {
description "LSP definitions and configuration";

cont ai ner constrained-path {
description "traffic-engi neered LSPs supporting different
pat h conputation and signaling nethods”
uses explicit-paths-top
uses te-tunnel s-top
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cont ai ner unconstrai ned-path {
description "LSPs that use the | GP-determ ned path, i.e., non
traffic-engi neered, or non constrained- path"

uses i gp-| sp-conmon;
uses igp-Isp-setup

}

container static-Isps {
description "statically configured LSPs, w thout dynamc
signaling";
uses static-|sp-main;
}

}
}

/] augnent statenents
/1 rpc statements
/1 notification statenents

<CODE ENDS>

<CODE BEG NS> fil e openconfi g-npl s-types. yang
nmodul e openconfi g-npl s-types {

yang-version "1";

/'l nanmespace
nanespace "http://openconfig.net/yang/ npls-types";

prefix "nplst";

/1 neta
organi zati on "OpenConfi g working group"

cont act
"OpenConfig working group
net openconfi g@oogl egr oups. cont';

description
"CGeneral types for MPLS / TE data nodel";
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revision "2015-10-04" {
description
"Work in progress”;
reference "TBD';

}

/| extension statenents
/|l feature statenents
/1 identity statenents

/] using identities rather than enumtypes to sinplify addi ng new
/1 signaling protocols as they are introduced and supported
identity path-setup-protocol {

description "base identity for supported MPLS signaling

prot ocol s";

}

identity path-setup-rsvp {
base pat h-set up- protocol
description "RSVP-TE signaling protocol"”

}

identity path-setup-sr {
base pat h-set up- protocol
description "Segnment routing”;

}

identity path-setup-ldp {
base pat h- set up- protocol
description "I DP - RFC 5036";

}

identity protection-type {
description "base identity for protection type";

}

identity unprotected {
base protection-type;
description "no protection is desired";

}

identity link-protection-requested {
base protection-type;
description "link protection is desired";

}
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identity link-node-protection-requested {
base protection-type;
description "node and |ink protection are both desired"

}

identity Isp-role {
description
"Base identity for describing the role of
| abel switched path at the current node"

}

identity | NGRESS {
base "l sp-role";
description
"Label switched path is an ingress (headend)
LSP*;
}

identity EGRESS {
base "l sp-role";
description
"Label switched path is an egress (tailend)
LSP";
}

identity TRANSIT {
base "l sp-role";
description
"Label switched path is a transit LSP"

identity tunnel -type {
description
"Base identity fromwhich specific tunnel types are
derived.";

}

identity P2P {
base tunnel -type;
description
"TE poi nt-to-point tunnel type.";
}

identity P2MP {
base tunnel -type;
description
"TE point-to-multipoint tunnel type.";
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identity |sp-oper-status {
description
"Base identity for LSP operational status";
}

identity DOMN {
base "I sp-oper-status”;
description
"LSP is operationally down or out of service";
}

identity UP {
base "I sp-oper-status”;
description
"LSP is operationally active and avail abl e
for traffic.";

}

identity tunnel -adm n-status {
description
"Base identity for tunnel administrative status";
}

identity ADM N_DOMN {
base "tunnel - adm n- st atus";
description
"LSP is administratively down";
}

identity ADM N _UP {
base "tunnel - adm n- st atus";
description
"LSP is administratively up";
}

/1 typedef statenents
typedef npls-1label {
type union {
type uint32 {
range 16..1048575;
}
type enuneration {
enum | PV4_EXPLI C T_NULL {
val ue 0;
description "valid at the bottom of the |abel stack,
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i ndi cates that stack must be popped and packet forwarded
based on | Pv4 header";

}

enum ROUTER_ALERT ({
val ue 1;
description "all owed anywhere in the | abel stack except
the bottom I|ocal router delivers packet to the |ocal CPU
when this label is at the top of the stack";

}
enum | PV6_EXPLI Cl T_NULL {
val ue 2;
description "valid at the bottom of the |abel stack,
i ndi cates that stack must be popped and packet forwarded
based on | Pv6 header”;

}

enum | MPLI CI T_NULL {
val ue 3;
description "assigned by local LSR but not carried in
packet s";

}
enum ENTROPY_LABEL_| NDI CATOR {
val ue 7;
description "Entropy |label indicator, to allow an LSR
to distinguish between entropy |abel and applicaiton
| abel s RFC 6790";
}
}
}
description "type for MPLS | abel val ue encodi ng";
reference "RFC 3032 - MPLS Label Stack Encodi ng";

}

typedef tunnel-type {
type enuneration {
enum P2P {
description "point-to-point |abel-swtched-path";

}
enum P2MP {
description "point-to-nultipoint |abel-swtched-path";

}
enum MP2MWP {
description "multipoint-to-nultipoint |abel-swtched-path";
}
oo _
description "defines the tunnel type for the LSP";
ref erence

"RFC 6388 - Label Distribution Protocol Extensions for
Poi nt-to-Mil tipoint and Multipoint-to-Miltipoint Label Swtched
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Pat hs

RFC 4875 - Extensions to Resource Reservation Protoco

- Traffic Engineering (RSVP-TE) for Point-to-Miltipoint TE
Label Switched Paths (LSPs)";

}
typedef bandw dt h- kbps {
type uint 64;

units kbps;
}

typedef bandw dt h- nbps {
type uint 64;
units nbps;

}

t ypedef bandw dt h- gbps {
type uint 64;
units gbps;

}

/1 grouping statenents

/] data definition statenents
/] augnent statenents

[/l rpc statenents

/1 notification statenents
<CCDE ENDS>
6.2. MPLS LSP subnodul es
<CODE BEG NS> fil e openconfig-npls-te.yang
subnodul e openconfig-npls-te {

yang-version "1";

bel ongs-to "openconfig-npl s" {
prefix "nmpls";
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/1 inmport some basic types

inmport ietf-inet-types { prefix inet; }

i mport openconfig-npls-rsvp { prefix rsvp; }
i mport openconfig-npls-sr { prefix sr; }

i mport openconfig-npls-types {prefix nplst; }
i mport openconfig-types { prefix oc-types; }
import ietf-yang-types { prefix yang; }

/Il meta
organi zati on "OpenConfig working group"

cont act
"OpenConfi g working group
net openconfi g@oogl egr oups. cont';

description
"Configuration related to constrai ned-path LSPs and traffic
engi neering. These definitions are not specific to a particular
signaling protocol or nechanism (see rel ated subnodul es for
si gnal i ng protocol -specific configuration)."

revision "2015-10-04" {
description
"Work in progress”;
ref erence "TBD';

}

/| extension statenents
/|l feature statenents
/] identity statements

/1 using identities for path conp nethod, though enuns may al so
/1l be appropriate if we decided these are the prinmary conputation
/1 mechanisns in future
identity path-conputation-nethod {
description
"base identity for supported path conputation
mechani sns";

}

identity locally-conmputed {
base pat h- conput ati on- et hod
description
"indicates a constrained-path LSP in which the
path is conputed by the local LER';
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}

identity externally-queried {
base pat h-conput ati on- net hod
description
"constrained-path LSP in which the path is
obt ai ned by querying an external source, such as a PCE server";

}

identity explicitly-defined {
base pat h-conput ati on- net hod
description
"constrained-path LSP in which the path is
explicitly specified as a collection of strict or/and | oose
hops";
}

/1 typedef statenents

typedef npls-hop-type {
type enuneration {
enum LOGCSE {
description "loose hop in an explicit path";

}
enum STRI CT {
description "strict hop in an explicit path";
}
}
description
"enunerated type for specifying | oose or strict

pat hs";
}

typedef te-netric-type {
type union {
type enuneration {
enum | GP {
description
"set the LSP netric to track the underlying
| GP netric";
}

}
type uint32;

description

"union type for setting the LSP TE netric to a
static value, or to track the IGP netric";
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typedef cspf-tie-breaking {
type enuneration {
enum RANDOM ({
description
"CSPF cal cul ation selects a random path anobng
mul ti ple equal -cost paths to the destination";

}
enum LEAST _FILL {
description
"CSPF cal cul ation selects the path with greatest
avai |l abl e bandw dt h";
}
enum MOST_FI LL {
description "CSPF cal cul ation selects the path with the | east
avai | abl e bandw dt h";
}

}

def aul t RANDOM

description

"type to indicate the CSPF sel ection policy when
mul ti pl e equal cost paths are avail abl e”;

/1 grouping statements

grouping te-tunnel -reoptinze _config {
description "Definition for reoptimze timer configuration”
| eaf te-lsp-reoptimze-tiner {
type uint 16;
units seconds;
description
"frequency of reoptimnzation of
a traffic engineered LSP';
}
}

groupi ng pat h-pl acenent-constraints {
description
"Top |l evel grouping for path placenent constraints";

cont ai ner admni n-groups {
description
"I ncl ude/ Excl ude constraints for link affinities”
uses te-I|sp-exclude-adm n-group_confi g;
uses te-Ilsp-include-any-adm n-group_config;
uses te-Isp-include-all-adn n-group _config;
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groupi ng te-tunnel -bandw dth_config {
description "Bandwi dth configuration for TE LSPs";
choi ce bandwi dth {

}
}

default explicit;
description
"sel ect how bandwi dth for the LSP will be
speci fi ed and nanaged";
case explicit {
| eaf set-bandwi dth {
type uint32;
description
"set bandwi dth explicitly, e.g., using
of fline cal cul ation”;
}
}
case auto {
uses te-I|sp-auto-bandw dth_confi g;
}

groupi ng te-Isp-auto-bandwi dth_config {
description "Configuration paranmeters related to autobandw dth";
cont ai ner aut o- bandwi dth {

Ceor ge,

description
"configure auto-bandw dth operation in
whi ch devi ces automatically adjust bandwi dth to neet
requirenents";

| eaf enabled {
type bool ean;
default fal se;
description
"enabl es npl s auto-bandwi dth on the
I'sp”;
}

| eaf mn-bw {
type uint32;
description
"set the minimum bandwi dth in Mps for an
aut o- bandwi dt h LSP";

}

| eaf max-bw {
type uint32;
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description
"set the maxi mum bandwi dth in Mps for an
aut o- bandwi dth LSP";

}

| eaf adjust-interval {
type uint32;
description
"time in seconds between adjustments to
LSP bandwi dt h";

}

| eaf adjust-threshold {
type oc-types: percent age;
description
"percentage difference between the LSP' s
speci fied bandwi dth and its current bandwi dth

allocation -- if the difference is greater than the
speci fi ed percentage, auto-bandw dth adjustnent is
triggered";

}

cont ai ner overflow {
description
"“configuration of MPLS overfl ow bandw dth
adj ustenment for the LSP";
uses te-Isp-overflow config;

}

cont ai ner underfl ow {
description
"configuration of MPLS underfl ow bandwi dth
adj ustenment for the LSP";
uses te-Isp-underflow config;

}
}
}

grouping te-Ilsp-overflow config {
description
"configuration for npls |sp bandwi dth
overfl ow adj ust ment";

| eaf enabled {
type bool ean;
default false
description
"enabl es npls | sp bandwi dth overfl ow
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adj ustnent on the |sp";

}

| eaf overflowthreshold {
type oc-types: percent age;
description
"bandwi dt h percentage change to trigger
an overfl ow event";

}

| eaf trigger-event-count {
type uint 16;
description
"nunmber of consecutive overfl ow sanple
events needed to trigger an overflow adjustnent”;
}
}

groupi ng te-Isp-underflow config {
description
"configuration for npls |sp bandwi dth
under f| ow adj ust nent";

| eaf enabled {
type bool ean;
default false
description
"enabl es bandwi dth underfl ow
adj ustnent on the Isp";

}

| eaf underfl owthreshold {
type oc-types: percent age;
description
"bandwi dt h percentage change to trigger
and underfl ow event";

}
| eaf trigger-event-count {
type uint16;
description
"nunmber of consecutive underfl ow sanple
events needed to trigger an underflow adjustment"”;
}

}

grouping te-tunnel -metric_config {
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description "Configuration paraneters related to LSP netric";
| eaf nmetric {
type te-netric-type
description "LSP netric, either explicit or 1G;
}
}

groupi ng te-Isp-excl ude-adm n-group_config {
description
"Configuration paraneters related to adni n-groups
to exclude in path cal cul ation";
Iist exclude-groups {

key excl ude- adm n- gr oup- nane;

description
"l'ist of adm n-groups to exclude in path cal cul ation"

| eaf excl ude-adni n- group- nanme {
type leafref {
path "/npl s/te-gl obal -attributes/npls-adm n-groups/" +
"admi n- group/ adm n- gr oup- nane";

}

description
"name of the admin group -- references a defined adnin
group";

}
}
}

groupi ng te-1sp-include-all-adnm n-group_config {
description
"Configuration paraneters related to adm n-groups
which all nmust be included in the path cal cul ati on"
list include-all-groups {

key al |l -adni n- group- nane;
description
"list of adm n-groups of which all nust be included”

| eaf all-adnin-group-nane {
type leafref {
path "/npl s/te-gl obal -attributes/npls-admn n-groups/" +
"admi n- gr oup/ adm n- gr oup- nane";
}

description

"name of the admin group -- references a defined
adm n group";
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}
}
}

groupi ng te-Isp-include-any-adm n-group_config {
description
"Configuration paraneters related to adnin-groups
of which one nmust be included in the path cal cul ati on”
I'ist include-any-groups {

key any-adni n- gr oup- nane;
description
"list of adnmin-groups of which one nust be included"

| eaf any-adm n-group-nane {
type leafref {
path "/npl s/te-gl obal -attributes/npls-adm n-groups/" +
"admi n- group/ adm n- gr oup- nane";
}

description
"name of the adm n group -- references a defined
adm n group”;
}
}
}

grouping te-tunnel -protection_config {
description
"Configuration paraneters related to LSP
protection";
| eaf protection-style-requested {
type identityref {
base npl st: protection-type;
}

default npl st: unprotected;

description
"style of npls frr protection desired: can be
I'ink, |ink-node or unprotected.";

}
}

grouping te-Isp-conp-explicit {
description
"definitions for LSPs in which hops are explicitly
speci fied";

contai ner explicit-path {
description "LSP with explicit path specification”
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| eaf path-name {
type leafref {
path "/ npl s/l sps/constrai ned-path/"
+ "explicit-path/config/naned-explicit-paths/nane";
require-instance true;
}
description "reference to a defined path";
}
}
}

groupi ng te-Isp-conp-queried {
description "definitons for LSPs conputed by querying a renote
service, e.g., PCE server";

cont ai ner queried-path {
description "LSP with path queried froman external server";

| eaf path-conputation-server {
type inet:ip-address;
description

"Address of the external path conputation
server";
}
}
}

groupi ng te-Isp-conp-1local {
description "definitons for |ocally-conputed LSPs";

contai ner |ocally-conputed {
description "LSP with path conputed by | ocal ingress LSR';

| eaf use-cspf {
type bool ean;
description "Flag to enable CSPF for |ocally conmputed LSPs";
}
| eaf cspf-tiebreaker {
type cspf-tie-breaking;
description
"Determne the tie-breaking nmethod to choose between
equal Iy desirabl e paths during CSFP conputation"

groupi ng explicit-route-subobject {
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description
"The explicit route subobject grouping"
choi ce type {
description
"The explicit route subobject type"
case ipv4d-address {
description
"I Pv4 address explicit route subobject”;
| eaf address {
type inet:ip-address;
description "router hop for the LSP path";
}

| eaf hop-type {
type npl s-hop-type;
description "strict or |oose hop";
}
}

case | abel {
| eaf val ue {
type uint32;
description "the | abel val ue";
}
description
"The Label ERO subobject”;

/1 Explicit paths config somewhat follow ng the | ETF node
groupi ng naned-explicit-path_config {
description
"d obal explicit path configuration
groupi ng";
list naned-explicit-paths {
key "nane";
description
"Alist of explicit paths"
| eaf nane {
type string;
description
"A string nanme that uniquely identifies
an explicit path";

list explicit-route-objects {
key "index";
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description
"List of explicit route objects";
| eaf index {
type uint8 {
range "0..255";
}

description

"Index of this explicit route object,
to express the order of hops in path";

}

uses explicit-route-subobject;

}
}
}

groupi ng explicit-paths-top {
description
"common information for MPLS explicit path definition";
list explicit-path {
key nane;
description "Explicit path definition";

| eaf nane {
type leafref {
path "/ npl s/l sps/constrai ned-path/"
+ "explicit-path/config/named-explicit-paths/nanme";
require-instance true;

}

description "definition for naning an explicit path";

}

contai ner config {
description "configuration for an explicit path";
uses naned-explicit-path_config;

}

contai ner state {
config fal se
description "operational state for LSP path nane";
uses naned-explicit-path_config;
}
}
}

grouping npls-te-srlg_config {
description
"Configuration of various attributes associated
with the SRLG';
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| eaf srlg-nane {

type string;

description "SRLG group identifier”
}

| eaf srlg-value {
type uint32;
description "group ID for the SRLG';

}

| eaf srlg-cost {
type uint32;
description
"The cost of the SRLG to the computation
al gorithnt;
}
}

groupi ng npl s-te-srl g-nenbers_config {
description "Configuration of the nmenbership of the SRLG';

| eaf from address {

type inet:ip-address;

description "I P address of the a-side of the SRLG |ink";
}

| eaf to-address {
type inet:ip-address;
description "I P address of the z-side of the SRLG |ink";
}
}

groupi ng npls-te-srlg-top {
description
"Top | evel grouping for MPLS shared
risk link groups.";
contai ner npls-te-srlg {
description
"Shared risk link groups attributes”
list srlg {
key srl g-nane;
description "List of shared risk link groups";

| eaf srlg-nane {
type leafref {
path "../config/srlg-nane";
require-instance true;

}
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description "The SRLG group identifier";
}

contai ner config {
description "Configuration paraneters related to the SRLG';
uses npls-te-srlg_config;

}

contai ner state {
config fal se
description "State paraneters related to the SRLG';
uses npls-te-srlg_config;

}

list menbers-list {
key from address;
description
"Li st of SRLG nenbers, which are expressed
as | P address endpoints of links contained in the SRLG';

| eaf from address {
type leafref {
path "../config/from address";
require-instance true;

}
description "The from address of the link in the SRLG';

}

contai ner config {
description
"Configuration paraneters relating to the
SRLG nenbers";
uses npl s-te-srl g-nmenbers_confi g;

}

contai ner state {
config fal se
description
"State paraneters relating to the SRLG
menber s";
uses npl s-te-srl g-nmenbers_confi g;

groupi ng tunnel -path_config {
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description
"Tunnel path properties grouping”
cont ai ner pat h-conput ati on- net hod {
description
"sel ect and configure the way the LSP path is
comput ed";

| eaf path-conputation {
type identityref {
base pat h-conput ati on- net hod
}

description "path conputation nethod to use with the LSP";

}

uses te-1sp-conp-explicit;
uses te-I|sp-conp-queried
uses te-I|sp-conp-1ocal

}

uses pat h-pl acenent-constraints

| eaf no-cspf {
type enpty;
description
"Indicates no CSPF is to be attenpted on this
pat h.";
}

choi ce sigaling-specific-path-attributes {
description "Signaling-protocol specific path attributes.";
case RSVP {
uses rsvp:rsvp-p2p-path-attributes_confi g;

}
case SR {
uses sr:sr-path-attributes _config;
}
}
}

groupi ng te-tunnel config {
description
"Configuration paraneters relevant to a single
traffic engineered tunnel."

| eaf nane {
type string;
description "The tunnel nane";

}
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| eaf type {
type identityref {
base npl st:tunnel -type;
}
description "Tunnel type, p2p or p2np";
}

| eaf local-id {
type union {

type uint32;

type string;

description
"locally signficant optional identifier for the
tunnel ; may be a nunerical or string val ue”

}
| eaf description {

type string;

description "optional text description for the tunnel”
}

| eaf adm n-status {
type identityref {
base npl st:tunnel - adm n- st at us;
}
default npl st: ADM N_UP;
description "TE tunnel adnministrative state.";

}
| eaf preference {
type uint8 {
range "1..255";
}
description "Specifies a preference for this tunnel
A lower nunber signifies a better preference”
}

uses te-tunnel -netric_confi g;

uses te-tunnel -bandw dth_config;
uses te-tunnel -protection_config;
uses te-tunnel -reoptinize_config;

choi ce signaling-specific-tunnel-attributes {
description "Signaling-protocol specific path attributes.”
case RSVP {
uses rsvp:rsvp-p2p-tunnel -attri butes_confi g;

}
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}

choi ce tunnel -type {
description
"Descri bes tunnel by type type"
case p2p {
| eaf destination {
type inet:ip-address;
description

"P2P tunnel destination address”

}
[* P2P list of path(s) */
list primary-paths {
key "nane";
| eaf nane {
type string;
description "Path nane";
}
description
"List of primary paths for this
tunnel . ";
| eaf preference {
type uint8 {
range "1..255";
}
description
"Specifies a preference for
this path. The | ower the
nunber hi gher the
pref erence";

}

uses tunnel - path_confi g;
}
|ist secondary-paths {

key "nane";
description

"Li st of secondary paths for this

tunnel . ";
| eaf nane {
type string;
description "Path nanme";

| eaf preference {
type uint8 {
range "1..255";
}

description

et al. Expires April 21, 2016
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"Specifies a preference for
this path. The | ower the
nunber hi gher the
pr ef erence”;

}
uses tunnel -path_config;
}
}
case p2mp {
/1 TODO - conpl ete
}

}
}

grouping te-tunnel _state {
description
"Counters and statistical data relevent to a single
tunnel . ";

| eaf oper-status {
type identityref {
base npl st: | sp-oper-status;
}
description
"The operational status of the TE tunnel”

}
| eaf role {
type identityref {
base npl st: | sp-role;
}
description
"The Isp role at the current node, whether it is headend,
transit or tailend.";
}

cont ai ner counters {
description
"State data for MPLS | abel switched paths. This state
data is specific to a single |label switched path."

| eaf bytes {
type yang: count er 64;
description
"Nurmber of bytes that have been forwarded over the
| abel switched path.";
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| eaf packets {
type yang: count er 64;
description
"Nunmber of pacets that have been forwarded over the
| abel switched path.";

}

| eaf path-changes {
type yang: count er 64;
description
"Nurmber of path changes for the | abel sw tched path";
}

| eaf state-changes {
type yang: count er 64;
description
"Nurmber of state changes for the | abel swi tched path";
}

| eaf online-time {
type yang: dat e-and-ti ne;
description
"Indication of the time the | abel switched path
transitioned to an Oper Up or in-service state";

}

| eaf current-path-tine {
type yang: date-and-ti ne;
description
"Indicates the time the LSP switched onto its
current path. This is reset upon a LSP path
change. ";

}

| eaf next-reoptinization-tine {
type yang: date-and-ti ne;
description

"I ndi cates the next scheduled tinme the LSP
will be reoptimzed.";
}
}
}

grouping te-tunnels-top {
description
"Top |l evel grouping for TE tunnels";

list tunnel {
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key "nane type";
description "List of TE tunnels";

| eaf nane {
type leafref {
path "../confi g/ nane";
require-instance true;

}

description "The tunnel nane";

}

| eaf type {
type leafref {
path "../config/type";
require-instance true;
}
description "The tunnel type, p2p or p2mp.";
}

contai ner config {
description
"Configuration paraneters related to TE tunnels:"
uses te-tunnel config;

}

contai ner state {
config fal se
description "State paraneters related to TE i nterfaces”;
uses te-tunnel config;
uses te-tunnel _state;

/] data definition statenents
/] augnent statenents

/1 rpc statements

/1 notification statenents

<CODE ENDS>
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6.3. MPLS signaling protocol nodul es

<CODE BEG NS> fil e openconfig-npls-rsvp.yang
nmodul e openconfi g-npl s-rsvp {

yang-version "1";

/'l namespace
nanespace "http://openconfig. net/yang/rsvp"

prefix "rsvp";

/1 inmport some basic types

inmport ietf-inet-types { prefix inet; }

i mport openconfig-npls-types { prefix nplst; }
import ietf-yang-types { prefix yang; }

i mport openconfig-types { prefix oc-types; }

/1 neta
organi zati on "OpenConfi g working group"
cont act
"OpenConfig working group
net openconfi g@oogl egr oups. cont';
description
"Configuration for RSVP-TE signaling, including global protoco
paraneters and LSP-specific configuration for constrai ned-path
LSPs";
revision "2015-09-18" {
description
“Initial revision";
reference "TBD';

}

/]l extension statenents
/| feature statenents
/] identity statements
/1 typedef statenents

/1 grouping statenents
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groupi ng npl s-rsvp-soft-preenption_config {
description "Configuration for MPLS soft preenption”;
| eaf enable {
type bool ean;
default false
description "Enables soft preenption on a node.";

}

| eaf soft-preenption-tinmeout {
type uintl1l6 {
range O..nmax;

/1 The RFC actually reconmrends 30 seconds as default.
default O;
description
"Ti meout value for soft preenption to revert
to hard preenption”;
reference "RFC5712 MPLS-TE soft preenption”;
}
}

groupi ng npl s-rsvp-soft-preenption {
description "Top | evel group for MPLS soft preenption”;
cont ai ner soft-preenmption {
description
"Protocol options relating to RSVP
soft preenption”;
contai ner config {
description
"Configuration paraneters relating to RSVP
soft preenption support”;
uses npl s-rsvp-soft-preenption_config;
}
contai ner state {
config fal se
description
"State paranmeters relating to RSVP
soft preenption support”;
uses npl s-rsvp-soft-preenption_config;
}
}
}

groupi ng npl s-rsvp-hellos_config {
description "RSVP protocol options configuration.”

| eaf hello-interval {
type uintl1l6 {
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range 1000. . 60000;

units mlliseconds;
def aul t 9000;
description
"set the interval in ns between RSVP hello

nmessages"”;
reference
"RFC 3209: RSVP-TE: Extensions to RSVP for
LSP Tunnel s.
RFC 5495: Description of the Resource
Reservation Protocol - Traffic-Engineered

(RSVP-TE) Graceful Restart Procedures”;
}

| eaf refresh-reduction {
type bool ean;
default true;
description
"enabl es all RSVP refresh reducti on nmessage
bundl i ng, RSVP nessage ID, reliable nmessage delivery
and summary refresh”;
ref erence
"RFC 2961 RSVP Refresh Overhead Reduction
Ext ensi ons";

}
}

groupi ng npl s-rsvp-hellos {
description "Top | evel grouping for RSVP hell os paraneters”;
[l TODO confirmthat the described semantics are supported
/1 on various inplenentations. Finer grain configuration
/1 will be vendor-specific

contai ner rsvp-hellos {
description "Top | evel container for RSVP hello paraneters"”;
cont ai ner config {
description
"Configuration paraneters relating to RSVP
hel | 0s";
uses npl s-rsvp-hell os_confi g;
}
contai ner state {
config fal se
description "State informati on associated with RSVP hel | 0s”
uses npl s-rsvp-hellos_confi g;

}
}
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}

groupi ng npl s-rsvp-subscription_config {
description "RSVP subscription configuration”;
| eaf subscription {
type oc-types: percent age;
description
"percentage of the interface bandw dth that
RSVP can reserve"
}
}
groupi ng npl s-rsvp-subscription {
description "Top | evel group for RSVP subscription options";
cont ai ner subscription {
description
"Bandw dt h percentage reservabl e by RSVP
on an interface";
contai ner config {
description
"Configuration paraneters relating to RSVP
subscription options”
uses npl s-rsvp-subscription_config;
}
contai ner state {
config fal se
description
"State paraneters relating to RSVP
subscription options";
uses npl s-rsvp-subscription_config;
}
}
}

groupi ng npl s-rsvp-graceful -restart_config {
description
"Configuration parameters relating to RSVP G aceful -Restart";

| eaf enable {
type bool ean;
default false
description "Enables graceful restart on the node.";

}

| eaf restart-tine {
type uint32;
description
"Graceful restart tinme (seconds)."
reference
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"RFC 5495: Description of the Resource
Reservation Protocol - Traffic-Engineered
(RSVP-TE) Graceful Restart Procedures”;

| eaf recovery-tinme {
type uint32;
description
"RSVP state recovery time"
}

}

groupi ng npl s-rsvp-graceful -restart {
description
"Top |l evel group for RSVP graceful -restart
par anmet er s"
contai ner graceful-restart {
description "TODO';
contai ner config {
description
"Configuration paraneters relating to
graceful -restart”;
uses npl s-rsvp-graceful -restart_confi g;
}
contai ner state {
config fal se
description
"State information associated with
RSVP graceful -restart”;
uses npl s-rsvp-graceful -restart_confi g;
}
}
}

groupi ng npl s-rsvp-aut hentication_config {
description "RSVP aut hentication paraneters container.";
| eaf enable {
type bool ean;
default false
description "Enabl es RSVP aut hentication on the node."

| eaf authentication-key {

type string {
/1 Juni per supports 1..16 while
/1 Cisco has a rmuch bigger range, up to 60.
length "1..32";

}

description
"aut henti cate RSVP signaling
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nmessages"”;
ref erence
"RFC 2747: RSVP Cryptographi c Authentication”;
}

}

groupi ng npl s-rsvp-aut hentication {
description
"Top | evel group for RSVP authentication
as per RFC2747",
contai ner authentication {
description "TODO';
contai ner config {
description
"Configuration paraneters relating
to authentication";
uses npl s-rsvp-authentication_config;
}
contai ner state {
config fal se
description
"State information associated
with authentication";
uses npl s-rsvp-authentication_confi g;

}
}
}

groupi ng npl s-rsvp-protection_config {

2015

description "RSVP facility (link/node) protection configuration"

| eaf |ink-protection-style-requested {
type identityref {
base npl st: protection-type;

default npl st:link-node-protection-requested,
description
"style of nmpls frr protection desired:

I'ink, |ink-node, or unprotected"
}
| eaf bypass-optinize-interval {
type uint 16;

units seconds;
description
"interval between periodic optimzation
of the bypass LSPs";
/1 note: this is interface specific on juniper
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/1 on iox, this is global. need to resol ve.

/1l to be conpleted, things Iike enabling link protection
/1 optimzation tines, etc.

}

groupi ng npl s-rsvp-1link-protection {
description "Top | evel group for RSVP protection”;
cont ai ner protection {
description "link-protection (NHOP) related configuration”
container config {
description "Configuration for |ink-protection";
uses npl s-rsvp-protection_config;
}
contai ner state {
config fal se
description "State for |ink-protection”;
uses npl s-rsvp-protection_config;
}
}
}

groupi ng npl s-rsvp-error-statistics {
description "RSVP-TE packet statistics";
contai ner error {
description "RSVP-TE error statistics";
| eaf authentication-failure {
type yang: counter 32
description
"Aut hentication failure count”;

}

| eaf path-error {
type yang: counter 32
description
"Path error to client count";

}

| eaf resv-error {
type yang: counter 32
description
"Resv error to client count";

}

| eaf path-tineout ({
type yang: counter 32
description
"Path timeout count";
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}

| eaf resv-tineout ({
type yang: counter 32,
description
"Resv timeout count";

}

leaf rate-limt {
type yang: counter 32,
description
"Count of packets that were rate limted";

}

/1 TODO - complete the other error statistics

}
}

groupi ng nmpl s-rsvp-protocol -statistics {
description "RSVP protocol statistics";
cont ai ner protocol {
description "RSVP-TE protocol statistics";
| eaf hell o-sent {
type yang: count er 32;
description
"Hell o sent count";

}

| eaf hello-rcvd {
type yang: count er 32;
description
"Hell o received count";

}

| eaf path-sent {
type yang: count er 32;
description
"Path sent count";

}

| eaf path-rcvd {
type yang: count er 32;
description
"Path received count";

}
/1 TODO - To be conpleted the other packet statistics
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}

groupi ng npl s-rsvp-statistics {
description "Top | evel grouping for RSVP protocol state";
uses npl s-rsvp-protocol -state;

}

groupi ng rsvp-gl obal {
description "d obal RSVP protocol configuration”
container rsvp-te {
description "RSVP-TE gl obal signaling protocol configuration";

cont ai ner rsvp-sessions {
description "Configuration and state of RSVP sessions"”;

contai ner config {
description
"Configuration of RSVP sessions on the device"
}

contai ner state {
config fal se
description
"State information relating to RSVP sessions
on the device";
uses npl s-rsvp-sessi on- st at e;
}
}

cont ai ner rsvp-nei ghbors {
description
"Configuration and state for RSVP nei ghbors connecting
to the device";

contai ner config {
description "Configuration of RSVP nei ghbor information";

}

contai ner state {
config fal se
description
"State information relating to RSVP nei ghbors”
uses npl s-rsvp- nei ghbor-st at e;
}
}

cont ai ner gl obal {
description "Platformw de RSVP configuration and state";
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uses npl s-rsvp-graceful -restart;
uses npl s-rsvp-soft-preenption

contai ner statistics {
config fal se
description "Platformw de RSVP state, including counters"
/1 TODO - reconcile global and per-interface
/1 protocol-related statistics

contai ner counters {
config fal se
description

"Platformw de RSVP statistics and counters”;

uses npl s-rsvp-gl obal - prot ocol - st at e;
uses npl s-rsvp-statistics;

}

}
}

container interface-attributes {
/1 interfaces, bw percentages, hello tinmers, etc goes here"

list interface {
key interface-nane;
description "list of per-interface RSVP configurations";

[l TODQO update to interface ref -- nove to separate
/1 augnentati on.
| eaf interface-nane {
type leafref {
path "../config/interface-name";
require-instance true;

}

description "references a configured IP interface";

}

contai ner config {
description
"Configuration of per-interface RSVP paraneters";

| eaf interface-nane {
type string;
description "Name of configured IP interface";

}
}

contai ner state {
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config fal se
description

"Per-interface RSVP protocol and state information”
uses npls-rsvp-interfaces-state;

cont ai ner counters {
config fal se
description
"Interface specific RSVP statistics and counters”
uses npl s-rsvp-protocol -state;
}
}

uses npl s-rsvp- hel | os;

uses npl s-rsvp-aut hentication
uses npl s-rsvp-subscription
uses npl s-rsvp-link-protection

}
}
}
}

groupi ng rsvp-p2p-tunnel -attri butes_config {
description "properties of RSPP point-to-point paths";

| eaf source {
type inet:ip-address;
description
"tunnel source address";
}

| eaf soft-preenption {
type bool ean;
default false
description "enables RSVP soft-preenption on this LSP";
}
}

groupi ng rsvp-p2p-path-attributes _config {
description "properties of RSPP point-to-point paths";
| eaf setup-priority {

type uint8 {
range 0..7,;

}

defaul t 7;

description
"preenption priority during LSP setup, lower is
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hi gher priority; default 7 indicates that LSP will not
preenpt established LSPs during setup";

reference "RFC 3209 - RSVP-TE: Extensions to RSVP for
LSP Tunnel s*;

}

| eaf hold-priority {
type uint8 {
range 0..7,

}
default 0;
description
"preenption priority once the LSP is established,
lower is higher priority; default O indicates other LSPs
will not preenpt the LSPs once established”
reference "RFC 3209 - RSVP-TE: Extensions to RSVP for
LSP Tunnel s*;

}

| eaf retry-timer {
type uint16 {
range 1..600;
}
uni ts seconds;
description
"sets the tine between attenpts to establish the
LSP*;
}
}

groupi ng npl s-rsvp-nei ghbor-state {
description "State information for RSVP nei ghbors";

Iist rsvp-nei ghbor {
key "nei ghbor-address"
description
"Li st of RSVP neighbors connecting to the device,
keyed by nei ghbor address”

| eaf nei ghbor-address {
type inet:ip-address;
description "Address of RSVP nei ghbor";

}
| eaf detected-interface {

type string;

description "Interface where RSVP nei ghbor was detected”;
}

George, et al. Expires April 21, 2016 [ Page 61]



Internet-Draft MPLS / TE Mbdel Cct ober 2015

| eaf nei ghbor-status {
type enuneration {
enum UP {
description
"RSVP hell o nessages are detected fromthe nei ghbor";

}
enum DOMN {
description
"RSVP nei ghbor not detected as up, due to a
communi cation failure or | GP notification
t he nei ghbor is unavail abl e";
}
}
description "Enururation of possible RSVP nei ghbor states”

}

| eaf nei ghbor-refresh-reduction {
type bool ean;
description
" Suppport of neighbor for RSVP refresh reduction”
ref erence
"RFC 2961 RSVP Refresh Overhead Reduction
Ext ensi ons";
}
}
}

groupi ng npl s-rsvp-session-state {
description "State information for RSVP TE sessi ons";
list rsvp-session {
key "source-port destination-port
sour ce- address destinati on-address”;
description "List of RSVP sessions”

| eaf source-address {
type inet:ip-address;
description "Origin address of RSVP session"

}

| eaf destination-address {
type inet:ip-address;
description "Destination address of RSVP session";

}

| eaf source-port {
type uint 16;
description "RSVP source port";
ref erence "RFC 2205";
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}

| eaf destination-port {
type uint 16;
description "RSVP source port";
ref erence "RFC 2205";

}

| eaf session-state {
type enuneration {
enum UP {
description "RSVP session is up";

}
enum DOMN {
description "RSVP session is down";
}
}
description "Enumeration of RSVP session states";

}

| eaf session-type {
type enuneration {
enum SOURCE {
description "RSVP session originates on this device";

}
enum TRANSI T {
description "RSVP session transits this device only";

}
enum DESTI NATI ON {
description "RSVP session ternminates on this device";

}

}

description "Enuneration of possible RSVP session types";
}
| eaf tunnel-id {

type uint 16;

description "Unique identifier of RSVP session";
}

| eaf |abel-in {
type nplst:npl s-1 abel
description
"Incomi ng MPLS | abel associated with this RSVP session”
}

| eaf | abel -out {
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type nplst:npls-1abel;
description
"Qutgoi ng MPLS | abel associated with this RSVP session";

}

| eaf-1ist associated-Isps {

type leafref {
path "/npl s/l sps/constrai ned-path/tunnel /" +
"confi g/ name";

}

description
"List of l|abel switched paths associated with this RSVP

sessi on";

}

} //rsvp-session-state

groupi ng npl s-rsvp-interfaces-state {
description "RSVP state information relevant to an interface";

list bandwi dth {
key priority;
description
"Avail abl e and reserved bandwi dth by priority on
the interface.";

| eaf priority {
type uint8 {
range 0..7;
}
description
"RSVP priority level for LSPs traversing the interface";

}

| eaf avail abl e-bandwi dth {
type npl st: bandw dt h- nbps;
description "Bandwi dth currently avail abl e";

}

| eaf reserved-bandw dth {
type npl st: bandw dt h- nbps;
description "Bandwi dth currently reserved";
}
}

| eaf highwater-mark {
type npl st: bandw dt h- nbps;
description "Maxi num bandwi dt h ever reserved";
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}

| eaf active-reservation-count {
type yang: gauge64;
description "Nunber of active RSVP reservations";
}
}

groupi ng npl s-rsvp-gl obal - protocol -state {
description "RSVP protocol statistics which may not apply
on an interface, but are significant globally."

| eaf path-tineouts {
type yang: count er 64;
description "TODO';
}

| eaf reservation-tinmeouts {
type yang: count er 64;
description "TODO';

}

| eaf rate-limted-nmessages {
type yang: count er 64;
description "RSVP nessages dropped due to rate limting";
}
}

groupi ng npl s-rsvp-protocol -state {
description "RSVP protocol statistics and nessage counters”;
| eaf in-path-nmessages {
type yang: count er 64;
description "Nunber of received RSVP Path nessages”

}

| eaf in-path-error-nessages {
type yang: count er 64;
description "Nunber of received RSVP Path Error nessages"”;

}

| eaf in-path-tear-nmessages {
type yang: count er 64;
description "Nunmber of received RSVP Path Tear nessages";

}

| eaf in-reservation-nessages {
type yang: count er 64;
description "Nunber of received RSVP Resv nessages";
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Ceor ge

}

| eaf in-reservation-error-mnmessages {
type yang: count er 64,

description "Nunber of received RSVP Resv Error nessages"”

}

| eaf in-reservation-tear-nessages {
type yang: count er 64;

description "Nunber of received RSVP Resv Tear nessages";

}

| eaf in-rsvp-hello-nmessages {
type yang: count er 64;
description "Nunber of received RSVP hell o nessages”

}

| eaf in-rsvp-srefresh-nessages {
type yang: count er 64;

description "Nunber of received RSVP summary refresh nmessages”

}

| eaf in-rsvp-ack-nmessages {
type yang: count er 64;
description
"Nunber of received RSVP refresh reduction ack
messages"”;

}

| eaf out-pat h- mressages {
type yang: count er 64;
description "Nunmber of sent RSVP PATH nessages”;

}

| eaf out-path-error-nessages {
type yang: count er 64;

}

| eaf out-path-tear-nessages {
type yang: count er 64;
description "Nunber of sent RSVP Path Tear nessages"”;

}

| eaf out-reservation-messages {
type yang: count er 64,
description "Nunber of sent RSVP Resv nessages”;

}

description "Nunmber of sent RSVP Path Error nessages";
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| eaf out-reservation-error-messages {
type yang: count er 64;
description "Nunber of sent RSVP Resv Error messages”

}

| eaf out-reservation-tear-nessages {
type yang: count er 64;
description "Nunber of sent RSVP Resv Tear nessages"”;

}
| eaf out-rsvp-hello-nessages {

type yang: count er 64;
description "Nunmber of sent RSVP hell o messages”;

}

| eaf out-rsvp-srefresh-nessages {
type yang: count er 64;
description "Nunmber of sent RSVP sunmary refresh nessages”

}

| eaf out-rsvp-ack-nmessages {
type yang: count er 64,
description
"Nurmber of sent RSVP refresh reduction ack nessages"

/] data definition statenents
/] augnent statenents
[/l rpc statenents

/'l notification statenents

<CODE ENDS>

<CCDE BEG NS> fil e openconfig-npls-sr.yang
nmodul e openconfi g- npl s-sr {

yang-version "1";

/'l namespace
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namespace "http://openconfig. net/yang/sr";

prefix "sr";

/1 inmport some basic types
inmport ietf-inet-types { prefix inet; }
i mport openconfig-npls-types { prefix nplst; }

/Il meta
organi zati on "OpenConfig working group"

cont act
"OpenConfi g working group
net openconfi g@oogl egr oups. cont';

description
"Configuration for MPLS with segnent routing-based LSPs,
i ncludi ng gl obal paraneters, and LSP-specific configuration for
bot h constrai ned-path and | GP- congruent LSPs";

revision "2015-10- 14" {
description
"Work in progress”;
reference "TBD';

}

/'l extension statenents
/'l feature statenents
/] identity statements
/] typedef statenents
groupi ng srgh_config {

/1 Matches the "global" configuration options in

/1 draft-Iitkowski-spring-yang..

/[l TODO request to Stephane for this to be a separate
/1 grouping such that it can be incl uded.

| eaf | ower-bound {
type uint32;
description
"Lower value in the block.";

}

| eaf upper-bound {
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type uint32;
description
"Upper value in the block."

description
"List of global blocks to be advertised.";
}

groupi ng srgb_state {
description
"State paraneters relating to the SRGB";

| eaf size {
type uint32;
description
"Nunber of indexes in the SRGB bl ock"

| eaf free {
type uint32;
description
"Nurmber of SRGB i ndexes that have not yet been all ocated”

| eaf used {
type uint32;
description
"Number of SRGB indexes that are currently allocated"

}
/1l TODO where do we put LFIB entries?

}

groupi ng adj acency-sid_config {
description
"Configuration related to an Adj acency Segnent l|dentifier
(SID";

/1 tuned fromdraft-1itkowski-spring-yang
/] TODO need to send a patch to Stephane

| eaf-1ist advertise {
type enuneration {
enum " PROTECTED" {
description

"Advertise an Adjacency-SID for this interface, which is
eligible to be protected using a | ocal protection
mechani smon the local LSR The local protection
mechani sm sel ected i s dependent upon the configuration
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of RSVP-TE FRR or LFA el sewhere on the systent;

}
enum UNPROTECTED {
description
"Advertise an Adajcency-SID for this interface, which is
explicitly excluded from being protected by any |oca
prot ection nmechani sni';

}
}

description
"Specifies the type of adjacency SID which should be

advertised for the specified entity.";

}

| eaf-1ist groups {
type uint32;
description
"Specifies the groups to which this interface bel ongs.
Setting a value in this list results in an additional AdjSID
bei ng advertised, with the S-bit set to 1. The AdjSIDis
assuned to be protected"

}
}

grouping interface_config {
description
"Configuration paraneters relating to a Segnent Routing

enabl ed i nterface";

| eaf interface {
type string;
[l TODQO this should be changed to a | eafref.

description
"Reference to the interface for which segnent routing

configuration is to be applied.";

}
}

/1 grouping statements

groupi ng sr-global {
description "global segnent routing signaling configuration"

cont ai ner segnent-routing {
description "SR global signaling config";

list srgb {
key "I ower-bound upper-bound"
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uses srgb_config;
contai ner config {
description
"Configuration paraneters relating to the Segnent Routing
d obal Bl ock (SRGB)"
uses srgb_config;
}
contai ner state {
config fal se
description
"State paraneters relating to the Segnment Routing d obal
Bl ock (SRG&B)";
uses srgb_config;
uses srgb_state;
}
description
"List of Segnment Routing dobal Block (SRGB) entries. These
| abel bl ocks are reserved to be all ocated as domai n-w de
entries.";

}

list interfaces {
key "interface";
uses interface_config;
cont ai ner config {
description
"Interface configuration paraneters for Segnent Routing
relating to the specified interface";
uses interface config;
}
contai ner state {
config fal se
description
"State paraneters for Segnent Routing features relating
to the specified interface";
uses interface_config;
}
cont ai ner adjacency-sid {
description
"Configuration for Adjacency SIDs that are related to
the specified interface"”
contai ner config {
description
"Configuration paraneters for the Adjacency-SIDs
that are related to this interface”
uses adj acency-sid _config;

}

contai ner state {
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config fal se;
description
"State paraneters for the Adjacency-SIDs that are
related to this interface";
uses adj acency-sid _config;
}
}

description
"List of interfaces with associ ated segnment routing
configuration";
}
}
}

grouping sr-path-attributes_config {
description
"Configuration paraneters relating to SR-TE LSPs";

| eaf sid-selection-node {
type enuneration {
enum "ADJ- SI D- ONLY" {
description
"The SR-TE tunnel should only use adjacency SIDs
to build the SID stack to be pushed for the LSP";

}
enum "M XED- MODE" {
description
"The SR-TE tunnel can use a m x of adjacency
and prefix SIDs to build the SID stack to be pushed
to the LSP';

}

}

default "M XED- MODE";

description
"The restrictions placed on the SIDs to be selected by the
cal culation nethod for the SR-TE LSP";

}

| eaf sid-protection-required {
type bool ean;
default "fal se";
description
"When this value is set to true, only SIDs that are
protected are to be selected by the cal cul ati ng nmet hod
for the SRRTE LSP.";
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groupi ng sr_fec-address_config {
description
"Configuration paraneters relating to a FEC that is to be
adverti sed by Segnent Routing";

| eaf fec-address {
type inet:ip-prefix;
description
"FEC that is to be advertised as part of the Prefix-SID
}
}

grouping sr_fec-prefix-sid_config {
description
"Configuration paraneters relating to the nature of the
Prefix-SID that is to be advertised for a particular FEC';

| eaf type {
type enuneration {
enum "I NDEX" {
description

"Set when the value of the prefix SID should be specified
as an off-set fromthe SRGB s zero-val ue. Wien nultiple
SRGBs are specified, the zero-value is the m nimum
of their |ower bounds";

}
enum " ABSOLUTE" {
description
"Set when the value of a prefix SIDis specified as the
absolute value within an SRGB. It is an error to specify
an absol ute val ue outside of a specified SRGE";

}

}

default "I NDEX";

description
"Specifies how the value of the Prefix-SID should be
interpreted - whether as an offset to the SRGB, or as an
absol ute val ue";

}

| eaf node-flag {
type bool ean;
description
"Specifies that the Prefix-SIDis to be treated as a Node-SID
by setting the NNflag in the advertised Prefix-SID TLV in the
| GP*;
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| eaf | ast-hop-behavior {
type enuneration {
enum "EXPLI CI T- NULL" {
description
"Specifies that the explicit null label is to be used

when the penultinmate hop forwards a | abelled packet to
this Prefix-SID';
}
enum " UNCHANGED" {
description
"Specicies that the Prefix-SID s |abel value is to be

left in place when the penultimte hop forwards to this
Prefix-SI D'

}
enum " PHP" {
description
"Specicies that the penultinmate hop should pop the
Prefix-SID | abel before forwarding to the eLER';
}
}
description

"Configuration relating to the LFIB actions for the
Prefix-SID to be used by the penultinmate-hop";

groupi ng igp-tunnel -sr {
description "defintiions for SR-signal ed, | GP-based LSP tunne
types”;

cont ai ner tunnel {

description "contains configuration stanzas for different LSP
tunnel types (P2P, P2MP, etc.)";

| eaf tunnel -type {

type nplst:tunnel -type;

description "specifies the type of LSP, e.g., P2P or P2MP"
}

contai ner p2p-1lsp {
when "tunnel -type = 'P2P " {
description "container active when LSP tunnel type is
point to point";
}

description "properties of point-to-point tunnels”;

list fec {
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key "fec-address";
uses sr_fec-address_config;

description
"List of FECs that are to be originated as SR LSPs";

cont ai ner config {
description
"Configuration paraneters relating to the FEC to be
advertised by SR';
uses sr_fec-address_config;
}
contai ner state {
config fal se
description
"Operational state relating to a FEC advertised by SR’
uses sr_fec-address_config;
}
contai ner prefix-sid {
description
"Parameters relating to the Prefix-SID
used for the originated FEC';

contai ner config {
description
"Configuration paraneters relating to the Prefix-SID
used for the originated FEC
uses sr_fec-prefix-sid_config;
}
contai ner state {
config fal se
description
"Operational state parameters relating to the
Prefix-SID used for the originated FEC';
uses sr_fec-prefix-sid _config;

groupi ng igp-1lsp-sr-setup {
description "grouping for SR-1GP path setup for | GP-congruent
LSPs";

cont ai ner segnent-routing {
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presence "Presence of this container sets the LSP to use
SR signaling";

description "segment routing signaling extensions for
| GP-conf gruent LSPs";

uses igp-tunnel -sr

/] data definition statenents
/] augnent statenents
[/l rpc statenents

/'l notification statenents

<CODE ENDS>

<CCDE BEG NS> fil e openconfig-npls-I1dp.yang
nmodul e openconfi g-npls-1dp {

yang-version "1";

/'l namespace
nanespace "http://openconfig.net/yang/ldp";

prefix "ldp";
/1 inport some basic types

inmport ietf-inet-types { prefix inet; }
i mport openconfig-npls-types { prefix nplst; }

/Il meta
organi zati on "OpenConfig working group"
cont act

"OpenConfi g working group

net openconfi g@oogl egr oups. cont';

description
"Configuration of Label Distribution Protocol global and LSP-
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specific paraneters for | GP-congruent LSPs";

revision "2015-07-04" {
description
"Initial revision";
reference "TBD';

}

/]l extension statenents
/| feature statenents
/] identity statenments
/] typedef statenents
/1 grouping statenents

groupi ng | dp-gl obal {
description "global LDP signaling configuration";

container Idp {
description "LDP gl obal signaling configuration";

container tiners {
description "LDP tinmers";
}
}
}

groupi ng igp-tunnel-1dp {
description "comon defintiions for LDP-signaled LSP tunne
types”;

cont ai ner tunnel {
description "contains configuration stanzas for different LSP
tunnel types (P2P, P2MP, etc.)";

| eaf tunnel -type {
type nplst:tunnel -type;
description "specifies the type of LSP, e.g., P2P or P2MP"
}

| eaf I dp-type {
type enuneration {
enum BASI C {
description "basic hop-by-hop LSP";
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}
enum TARGETED {
description "tLDP LSP";

}
oo o
description "specify basic or targeted LDP LSP";
}

cont ai ner p2p-1sp {
when "tunnel -type = "P2P" " {
description "container active when LSP tunnel type is
point to point";

}

description "properties of point-to-point tunnels”;

| eaf-1ist fec-address {
type inet:ip-prefix;
description "Address prefix for packets sharing the same
forwardi ng equi val ence class for the | GP-based LSP"

}
}

contai ner p2np-Isp {
when "tunnel -type = ' P2M " {
description "container is active when LSP tunnel type is
point to multipoint";

}
description "properties of point-to-multipoint tunnels";

/1 TODO specify group/source, etc.

}
contai ner nmp2np-1sp {
when "tunnel -type = ' MP2MP' " {

description "container is active when LSP tunnel type is
mul tipoint to multipoint”;

}
description "properties of nmultipoint-to-multipoint tunnels";

/1 TODO specify group/source, etc.
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groupi ng igp-1sp-1dp-setup {
description "grouping for LDP setup attributes";
container Idp {

presence "Presence of this container sets the LSP to use
LDP si gnal i ng"

description "LDP signaling setup for |GP-congruent LSPs";
[l include tunnel (p2p, p2nmp, ...)

uses igp-tunnel -1dp

/] data definition statenents
/] augnent statenents
[/l rpc statenents

/'l notification statenents

<CODE ENDS>

<CCDE BEG NS> fil e openconfig-npls-igp.yang
subrmodul e openconfig-npls-igp {

yang-version "1";
bel ongs-to "openconfig-npls" {

prefix "nmpls";
}

/1 inport some basic types
i mport openconfig-npls-ldp { prefix Idp; }
i nport openconfig-npls-sr { prefix sr; }

Il neta
organi zati on "OpenConfig working group"
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cont act
"OpenConfi g working group
net openconfi g@oogl egr oups. cont';

description
"Configuration generic configuration paraneters for | GP-congruent
LSPs";

revision "2015-07-04" {
description
"Initial revision";
reference "TBD';

}

/| extension statements
I/ feature statenents
/] identity statements
/] typedef statenents
/1 grouping statenents
groupi ng igp-1sp-conmmon {
description "comon definitions for |GP-congruent LSPs";
/1 container path-attributes {
/1 description "general path attribute settings for |GP-based

[l LSPs";

/1}

groupi ng igp-1sp-setup {
description "signaling protocol definitions for |IGP-based LSPs"

cont ai ner pat h-set up-protocol {
description "select and configure the signaling nmethod for
the LSP";

/'l uses pat h-set up- conmon
uses | dp:igp-Isp-1dp-setup
uses sr:igp-lsp-sr-setup

}
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/] data definition statenents
/1 augnent statenents
/1 rpc statements

/'l notification statenents

<CODE ENDS>

<CODE BEG NS> fil e openconfig-npls-static.yang
subnmodul e openconfi g-npl s-static {

yang-version "1";

bel ongs-to "openconfig-npls" {
prefix "npls";
}

/1 import some basic types
i mport openconfig-npls-types {prefix nplst; }
inmport ietf-inet-types { prefix inet; }

Il neta
organi zati on "OpenConfi g working group"

cont act
"OpenConfi g working group
net openconfi g@oogl egr oups. cont';

description
"Defines static LSP configuration”

revision "2015-07-04" {
description
"Initial revision";
reference "TBD';

}

/| extension statenents
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Il feature statenents
/] identity statements
/] typedef statenents
/1 grouping statements

groupi ng static-|sp-conmon {
description "comon definitions for static LSPs";

| eaf next-hop {

type inet:ip-address;

description "next hop I P address for the LSP";
}

| eaf incom ng-Iabel {
type nplst:npl s-1| abel
description "label value on the incomnm ng packet";

}

| eaf push-Iabel {
type nplst:npls-| abel
description "label value to push at the current hop for the

LSP";
}
}
grouping static-lsp-main {
description "grouping for top level list of static LSPs";

list |abel-swtched-path {

key nane;
description "list of defined static LSPs";
| eaf nane {
type string;
description "name to identify the LSP"
}

/] TODO separation into ingress, transit, egress may help
/1l to figure out what exactly is configured, but need to
/1 consider whether inplenmentations can support the
/] separation
contai ner ingress {
description "Static LSPs for which the router is an
i ngress node";
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uses static-Isp-conmon;

}

container transit {
description "static LSPs for which the router is a
transit node";

uses static-Isp-conmon;

}

cont ai ner egress {
description "static LSPs for which the router is a
egress node";

uses static-|sp-conmon;

}

/] data definition statenents
/1 augnent statenents
/'l rpc statenments

// notification statenents

<CODE ENDS>
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