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Conmon YANG Data Types for Traffic Engineering

Abst r act

Thi s docunent defines a collection of compn data types and groupi ngs
i n YANG dat a nodel i ng | anguage. These derived conmon types and
groupings are intended to be inported by modul es that nmodel Traffic
Engi neering (TE) configuration and state capabilities.

Status of This Meno

This is an Internet Standards Track document.

Thi s docunent is a product of the Internet Engineering Task Force
(ITETF). It represents the consensus of the IETF community. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Group (IESG. Further information on
Internet Standards is available in Section 2 of RFC 7841

I nformati on about the current status of this docunent, any errata,
and how to provide feedback on it nmay be obtained at
https://ww. rfc-editor.org/info/rfc8776

Copyri ght Notice

Copyright (c) 2020 I ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

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

YANG [ RFC6020] [RFC7950] is a data nodeling | anguage used to node
configuration data, state data, Renote Procedure Calls, and
notifications for network management protocols such as the Network
Configuration Protocol (NETCONF) [ RFC6241]. The YANG | anguage
supports a small set of built-in data types and provi des nmechani snms
to derive other types fromthe built-in types

Thi s docunent introduces a collection of conmmon data types derived
fromthe built-in YANG data types. The derived types and groupi ngs
are designed to be the common types applicable for nodeling Traffic
Engi neering (TE) features in nodel (s) defined outside of this
docunent .

1. Term nol ogy

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capital s, as shown here

The term nol ogy for describing YANG data nodels is found in
[ RFC7950] .

2. Prefixes in Data Node Nanes
In this docunment, nanes of data nodes and other data nodel objects

are prefixed using the standard prefix associated with the
correspondi ng YANG i nported nodul es, as shown in Table 1.

o e e e e oo - o e e e e e e oo o m e e e oo - +
| Prefix | YANG Mbdul e | Reference |
[S pesfemmsbumesfesee e emseefusese s espe s femsfey sy s
| yang | ietf-yang-types | [ RFC6991] |
o e e oo g o +
| inet | ietf-inet-types | [ RFC6991] |
o e e e e oo - o e e e e e e oo o m e e e oo - +
| rt-types | ietf-routing-types | [ RFC3294] |
o e e e e oo o e e e e e oo oo S +
| te-types | ietf-te-types | This docunent

o e e oo g o +
| te-packet-types | ietf-te-packet-types | This docunent |
o e e e e oo - o e e e e e e oo o m e e e oo - +

Table 1. Prefixes and Correspondi ng YANG Modul es

Acronyms and Abbrevi ati ons

GWPLS: Generalized Multiprotocol Label Swi tching
LSP: Label Switched Path

LSR: Label Switching Router

LER: Label Edge Router



MPLS: Mul ti protocol Label Switching

RSVP: Resour ce Reservation Protoco
TE: Traffic Engi neering

DS- TE: Differentiated Services Traffic Engineering
SRLG Shared Ri sk Link G oup

NBMA: Non- Br oadcast Ml ti- Access
APS: Automatic Protection Sw tching
SD: Si gnal Degr ade

SF: Si gnal Fai
WR: Wait-to-Restore

PM Per f or mance Metrics

Overvi ew

Thi s docunent defines two YANG nodul es for commobn TE types:
"ietf-te-types" for TE generic types and "ietf-te-packet-types" for
packet -specific types. Oher technol ogy-specific TE types are

out side the scope of this docunent.

.1. TE Types Mddul e Contents

The "ietf-te-types" nodule (Section 4) contains comobn TE types that
are independent and agnostic of any specific technology or control -
pl ane i nstance.

The "ietf-te-types” nodul e contains the foll owi ng YANG reusabl e types
and groupi ngs:

t e- bandwi dt h:
A YANG groupi ng that defines the generic TE bandw dth. The
nmodel i ng structure all ows augnmentation for each technol ogy. For
unspeci fi ed technol ogi es, the string-encoded "te-bandw dth" type
is used.

te-1 abel
A YANG groupi ng that defines the generic TE label. The nodeling
structure all ows augnentation for each technol ogy. For
unspecified technol ogies, "rt-types:generalized-label"” is used.

performance-netrics-attri butes:
A YANG groupi ng that defines one-way and two-way neasured
Performance Metrics (PM and indications of anonmalies on |ink(s)
or the path as defined in [RFC7471], [RFC8570], and [ RFC7823].

performance-netrics-throttl e-container:
A YANG groupi ng that defines configurable thresholds for
adverti senent suppression and neasurenent intervals.

te-ds-cl ass:
A type representing the Differentiated Services (DS) C ass-Type of
traffic as defined in [ RFC4124].

te-label -direction:
An enunerated type for specifying the forward or reverse direction
of a | abel.



t e- hop-type:
An enunerated type for specifying that a hop is | oose or strict.

te-gl obal -i d:
A type representing the identifier that uniquely identifies an
operator, which can be either a provider or a client. The
definition of this type is taken from [RFC6370] and [ RFC5003].
This attribute type is used solely to provide a globally unique
context for TE topol ogi es.

t e- node-i d:
A type representing the identifier for a node in a TE topol ogy.
The identifier is represented as 4 octets in dotted-quad notation
This attribute MAY be napped to the Router Address TLV descri bed
in Section 2.4.1 of [RFC3630], the TE Router |ID described in
Section 3 of [RFC6827], the Traffic Engineering Router ID TLV
described in Section 4.3 of [RFC5305], or the TE Router ID TLV
described in Section 3.2.1 of [RFC6119]. The reachability of such
a TE node MAY be achi eved by a nechani sm such as that described in
Section 6.2 of [RFC6827].

t e-t opol ogy-i d:
A type representing the identifier for a topology. It is optiona
to have one or nore prefixes at the begi nning, separated by
colons. The prefixes can be "network-types" as defined in the
"ietf-network" nmodule in [RFC8345], to help the user better
under stand the topol ogy before further inquiry is nade.

te-tp-id:
A type representing the identifier of a TE interface Link
Termi nation Point (LTP) on a specific TE node where the TE |ink
connects. This attribute is mapped to a local or renote link
identifier [RFC3630] [RFC5305].

t e- pat h- di sj oi nt ness:
A type representing the different resource disjointness options
for a TE tunnel path as defined in [ RFC4872].

admi n- gr oups:
A union type for a TE link's classic or extended admi nistrative
groups as defined in [ RFC3630], [RFC5305], and [RFC7308].

srlg:
A type representing the Shared Risk Link Goup (SRLG as defined
in [ RFC4203] and [ RFC5307].

te-netric:
A type representing the TE netric as defined in [ RFC3785].

te-recovery-status
An enunerated type for the different statuses of a recovery action
as defined in [ RFC4427] and [ RFC6378].

pat h-attri bute-fl ags:
A base YANG identity for supported LSP path flags as defined in
[ RFC3209], [RFC4090], [RFCA736], [RFC5712], [RFC4920], [RFC5420],
[ RFC7570], [ RFC4875], [RFC5151], [RFC5150], [RFC6001], [RFC6790],
[ RFC7260], [RFC8001], [RFCB8149], and [ RFCB8169].

I i nk- protection-type:
A base YANG identity for supported |ink protection types as
defined in [ RFC4872] and [ RFC4427].

restoration-scheme-type:
A base YANG identity for supported LSP restoration schenes as



defined in [ RFC4872].

pr ot ecti on- ext er nal - cormands:
A base YANG identity for supported protection-rel ated externa
commands used for troubl eshooting purposes, as defined in
[ RFC4427] .

associ ation-type:
A base YANG identity for supported LSP association types as
defined in [RFC6780], [RFC4872], and [ RFC4873].

obj ecti ve-function-type:
A base YANG identity for supported path conputation objective
functions as defined in [ RFC5541].

te-tunnel -type:
A base YANG identity for supported TE tunnel types as defined in
[ RFC3209] and [ RFC4875].

| sp- encodi ng-types:
A base YANG identity for supported LSP encodi ng types as defined
in [ RFC3471].

| sp-protection-type:
A base YANG identity for supported LSP protection types as defined
in [ RFC4872] and [ RFC4873].

swi t ching-capabilities:
A base YANG identity for supported interface sw tching
capabilities as defined in [ RFC3471].

resource-affinities-type:
A base YANG identity for supported attribute filters associated
with a tunnel that nust be satisfied for a link to be acceptable
as defined in [ RFC2702] and [ RFC3209].

pat h-metric-type
A base YANG identity for supported path netric types as defined in
[ RFC3785] and [RFC7471].

explicit-route-hop
A YANG groupi ng that defines supported explicit routes as defined
in [ RFC3209] and [ RFC3477].

te-link-access-type:
An enunmerated type for the different TE |ink access types as
defined in [ RFC3630].

3.2. Packet TE Types Mdul e Contents

The "ietf-te-packet-types" nodule (Section 5) covers the conmon types
and groupings that are specific to packet technol ogy.

The "ietf-te-packet-types" nodul e contains the follow ng YANG
reusabl e types and groupi ngs:

backup- protection-type:
A base YANG identity for supported protection types that a backup
or bypass tunnel can provide as defined in [ RFC4090].

te-cl ass-type:
A type that represents the Diffserv-TE O ass-Type as defined in
[ RFC4124] .

bc-type:
A type that represents Diffserv-TE Bandwi dth Constraints (BCs) as



defined in [ RFC4124].

bc- nodel -t ype:
A base YANG identity for supported D ffserv-TE Bandw dth
Constraints Mddels as defined in [ RFC4125], [RFC4126], and
[ RFC4127] .

t e- bandwi dt h-r equest ed-t ype:
An enunerated type for the different options to request bandwi dth
for a specific tunnel

performance-netrics-attributes-packet:
A YANG groupi ng that contains the generic performance netrics and
addi ti onal packet-specific netrics.

TE Types YANG Modul e

The "ietf-te-types" module inmports fromthe foll ow ng nmodul es:

* "jetf-yang-types" and "ietf-inet-types" as defined in [ RFC6991]
* "jetf-routing-types" as defined in [ RFC8294]

In addition to [ RFC6991] and [ RFC8294], this nodul e references the
foll owi ng docunents in defining the types and YANG gr oupi ngs:

[ RFC3272], [RFC4090], [RFC4202], [RFC4328], [RFC4561], [RFC4657],

[ RFC5817], [RFC6004], [RFC6511], [RFC7139], [RFC7308], [RFC7551],

[ RFC7571], [RFC7579], and [G 709].

<CODE BEG@ NS> file "ietf-te-types@020-06-10. yang"
modul e ietf-te-types {
yang-version 1.1;
nanespace "urn:ietf:parans:xm:ns:yang:ietf-te-types"
prefix te-types;

inmport ietf-inet-types {
prefix inet;
ref erence
"RFC 6991: Common YANG Data Types";

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

import ietf-routing-types {
prefix rt-types;
ref erence
"RFC 8294: Common YANG Data Types for the Routing Area”;

}

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

Edi t or: Tar ek Saad
<mai | t o: t saad@ uni per. net >

Edi t or: Rakesh Gandhi
<mai | t 0: r gandhi @i sco. con®

Edi t or: Vi shnu Pavan Beeram
<mai | t o: vbeer am@ uni per. net >



Edi tor: Xufeng Liu
<mai |l to: xufeng.liu.ietf@mail.conp

Edi t or: I gor Bryskin
<mai | to:i_bryski n@ahoo. com";
description
"This YANG nodul e contains a collection of generally usefu
YANG data type definitions specific to TE. The nodel fully
conforns to the Network Managenent Datastore Architecture
( NVDA) .

The key words *MJUST', 'MJST NOT', 'REQUI RED , ’'SHALL', ' SHALL
NOT', *SHOULD , ' SHOULD NOT', ' RECOMVENDED , ' NOT RECOMVENDED |,
"MAY', and 'OPTIONAL' in this docunment are to be interpreted as
described in BCP 14 (RFC 2119) (RFC 8174) when, and only when,
they appear in all capitals, as shown here.

Copyright (c) 2020 | 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 permitted 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
(https://trustee.ietf.org/license-info).

This version of this YANG nodule is part of RFC 8776; see the
RFC itself for full legal notices.";

revisi on 2020-06-10 {
description
"Latest revision of TE types.";
reference
"RFC 8776: Common YANG Data Types for Traffic Engi neering”;

}
/**

* Typedefs
*/

typedef admi n-group {
type yang: hex-string {
/* 01:02:03:04 */
length "1..11";
}
description
"Admi ni strative group / resource class / color representation
in " hex-string type.
The nost significant byte in the hex-string is the farthest
to the left in the byte sequence. Leading zero bytes in the
configured value nmay be onitted for brevity.";
ref erence
"RFC 3630: Traffic Engineering (TE) Extensions to OSPF
Version 2
RFC 5305: IS-1S Extensions for Traffic Engineering
RFC 7308: Extended Administrative Goups in MPLS Traffic
Engi neering (MPLS-TE)";
}

typedef adm n-groups {
type union {
type admi n-group;
type extended-adm n-group;



description
"Derived types for TE administrative groups."”;

}

typedef extended-adm n-group {
type yang: hex-stri ng;
description
"Extended administrative group / resource class / color
representation in 'hex-string type.
The nost significant byte in the hex-string is the farthest
to the left in the byte sequence. Leading zero bytes in the
configured value may be onmitted for brevity.";
ref erence
"RFC 7308: Extended Adm nistrative Goups in MPLS Traffic
Engi neering (MPLS-TE)";
}

typedef path-attribute-flags {
type union {
type identityref {
base session-attributes-fl ags;
}

type identityref {
base I sp-attributes-flags;
}

}

description
"Path attributes flags type.";

}

typedef performance-netrics-normality {
type enuneration {
enum unknown {
val ue 0;
description
"Unknown. ";

enum nor mal {
val ue 1;
description
"Normal . Indicates that the anonml ous bit is not set.";
}
enum abnor mal {
val ue 2;
description
"Abnormal. Indicates that the anomal ous bit is set.";

}
}

description
"I ndi cates whether a performance netric is normal (anomal ous
bit not set), abnormal (anomal ous bit set), or unknown.";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions
RFC 7823: Performance-Based Path Sel ection for Explicitly
Rout ed Label Switched Paths (LSPs) Using TE Metric
Ext ensi ons
RFC 8570: IS-1S Traffic Engineering (TE) Metric Extensions";

}

typedef srlg {
type uint32;
description
"SRLG type.";
ref erence
"RFC 4203: OSPF Extensions in Support of Generalized
Mul ti-Protocol Label Sw tching (GWLS)



RFC 5307: I1S-1S Extensions in Support of Ceneralized
Mul ti-Protocol Label Switching (GWLS)"

}

typedef te-comon-status {
type enuneration {

enum up {
description
"Enabl ed. ";
}

enum down {
description
"Di sabl ed. ";
}

enumtesting {
description
"In sone test node.";
}

enum pr epari ng- mai nt enance {
description
"The resource is disabled in the control plane to prepare
for a graceful shutdown for mmi ntenance purposes.”;
reference
"RFC 5817: Graceful Shutdown in MPLS and Generalized MPLS
Traffic Engi neering Networks";
}
enum nai nt enance {
description
"The resource is disabled in the data plane for naintenance
pur poses. ";

enum unknown {
description
"Status i s unknown.";
}

}

description
"Defines a type representing the commopn states of a TE
resource.";

}

typedef te-bandw dth {

type string {

pattern ' O[ xX] (O((\.0?)?[pP] (\+)?0?| (\.0?))]|"’

"1(\.([\da-fA-F] {0, 5}[ 02468aAcCeE] ?)?)?
"[pP] (V) ?(12[0-7] |°
"1[01]\d] 0\ dAd) ?) | O[ xX] [\da-fA-F] {1, 8}|\d+
“(L (O[xX] (O((\.0?)?[pP] (\+)?20?| (\.07?))["
"1(\.([\da-fA-F] {0, 5}[ 02468aAcCeE] ?)?)?
“[pP(\+)?(12[0-7]|"
1roajvdjoAdAAd)?) | o[ xX] [\da-fA-F] {1,8}|\d+))*";

+ +

+ + + + +

}
description
"This is the generic bandwidth type. It is a string containing
a list of nunbers separated by comras, where each of these
nunbers can be non-negative decinmal, hex integer, or
hex fl oat:

(dec | hex | float)[*(', (dec | hex | float))]

For the packet-swi tching type, the string encoding foll ows
the type ’'bandwi dth-ieee-float32’ as defined in RFC 8294
(e.g., 0x1pl0), where the units are in bytes per second.

For the Optical Transport Network (OTN) switching type,
a list of integers can be used, such as '0,2,3,1", indicating



two ODUOs and one ODU3. (’ODU stands for ' Optical Data
Unit’.) For Dense Wavel ength Division Miltiplexing (DADM,
a list of pairs of slot nunbers and w dths can be used,

such as '0,2,3,3, indicating a frequency slot 0 with
slot width 2 and a frequency slot 3 with slot width 3.
Canonically, the string is represented as all |owercase and in

hex, where the prefix 'Ox’ precedes the hex nunber.";
ref erence
"RFC 8294: Common YANG Data Types for the Routing Area
| TUT Recomrendation G 709: Interfaces for the
optical transport network";

}
typedef te-ds-class {
type uint8 {
range "0..7";
}

description
"The Differentiated Services C ass-Type of traffic.";
ref erence
"RFC 4124: Protocol Extensions for Support of Diffserv-aware
MPLS Traffic Engineering, Section 4.3.1";
}

typedef te-global-id {
type uint32;
description
"An identifier to uniquely identify an operator, which can be
either a provider or a client.
The definition of this type is taken from RFCs 6370 and 5003.
This attribute type is used solely to provide a globally
uni que context for TE topol ogies.";
reference
"RFC 5003: Attachnent Individual ldentifier (Al) Types for
Aggr egati on
RFC 6370: MPLS Transport Profile (MPLS-TP) ldentifiers”;
}

typedef te-hop-type {
type enuneration {
enum | oose {
description
"A loose hop in an explicit path.";

enum strict {
description
"A strict hop in an explicit path.";
}
}

description
"Enunerated type for specifying | oose or strict paths.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s,
Section 4.3.3";

}

typedef te-link-access-type {
type enuneration {
enum poi nt -t o-poi nt {
description
"The link is point-to-point.";

enum nul ti-access {
description
"The link is multi-access, including broadcast and NBMA. ";



}

description
"Defines a type representing the access type of a TE link.";
ref erence
"RFC 3630: Traffic Engineering (TE) Extensions to OSPF
Version 2";

}

typedef te-label-direction {
type enuneration {
enum forward {
description
"Label allocated for the forward LSP direction.";
}
enum reverse {
description
"Label allocated for the reverse LSP direction.";
}
}

description
"Enunerated type for specifying the forward or reverse
| abel . ";

}

typedef te-link-direction {
type enuneration {
enum i ncom ng {
description
"The explicit route represents an inconing |ink on
a node.";
}
enum out goi ng {
description
"The explicit route represents an outgoing |ink on
a node.";
}
}

description
"Enunerated type for specifying the direction of a link on
a node.";

}

typedef te-netric {
type uint32;
description
"TE nmetric.";
reference
"RFC 3785: Use of Interior Gateway Protocol (IGP) Metric as a
second MPLS Traffic Engineering (TE) Metric";
}

typedef te-node-id {
type yang: dotted- quad;
description
"A type representing the identifier for a node in a TE
t opol ogy.
The identifier is represented as 4 octets in dotted-quad
not ati on.
This attribute MAY be napped to the Router Address TLV
described in Section 2.4.1 of RFC 3630, the TE Router ID
described in Section 3 of RFC 6827, the Traffic Engineering
Router ID TLV described in Section 4.3 of RFC 5305, or the
TE Router ID TLV described in Section 3.2.1 of RFC 6119.
The reachability of such a TE node MAY be achi eved by a
mechani sm such as that described in Section 6.2 of RFC 6827.";
reference



"RFC 3630: Traffic Engineering (TE) Extensions to OSPF
Version 2, Section 2.4.1
RFC 5305: IS 1S Extensions for Traffic Engineering,
Section 4.3
RFC 6119: |1 Pv6 Traffic Engineering in IS-1S, Section 3.2.1
RFC 6827: Automatically Switched Optical Network (ASON)
Routing for OSPFv2 Protocols, Section 3";
}

typedef te-oper-status {
type te-common- st at us;
description
"Defines a type representing the operational status of
a TE resource.”;

}

typedef te-adm n-status {
type te-common- st at us;
description
"Defines a type representing the adm nistrative status of
a TE resource. ",

}

typedef te-path-disjointness {
type bits {
bit node {
position O;
description
"Node disjoint.";

}
bit Iink {
position 1;
description
"Link disjoint.";
}
bit srlig {
position 2;
description
"SRLG (Shared Ri sk Link Goup) disjoint.";
}
}

description
"Type of the resource disjointness for a TE tunnel path.";
ref erence
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Miulti-Protocol Label Swtching (GWLS) Recovery";
}

typedef te-recovery-status {
type enuneration {
enum nor mal {
description
"Both the recovery span and the working span are fully
al l ocated and active, data traffic is being
transported over (or selected from the working
span, and no trigger events are reported."”;
}
enum recovery-started {
description
"The recovery action has been started but not conpleted."”;
}
enum recovery-succeeded {
description
"The recovery action has succeeded. The working span has
reported a failure/degrade condition, and the user traffic
is being transported (or selected) on the recovery span.”;



}

}

enum recovery-failed {
description
"The recovery action has failed.";
}

enum reversion-started {
description
"The reversion has started.”;
}

enum rever si on-succeeded {
description
"The reversion action has succeeded.";

enum reversion-failed {
description
"The reversion has failed.";
}

enum r ecovery-unavail abl e {
description
"The recovery is unavailable, as a result of either an
operator’s | ockout command or a failure condition
detected on the recovery span.";
}
enum recovery-adm n {
description
"The operator has issued a comand to switch the user
traffic to the recovery span.";
}
enum wait-to-restore {
description
"The recovery domain is recovering froma failure/degrade
condition on the working span that is being controlled by
the Wait-to-Restore (WIR) tiner.";

}
}

description
"Defines the status of a recovery action.";
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Milti-Protocol Label Switching (GWLS)
RFC 6378: MPLS Transport Profile (MPLS-TP) Linear Protection";

typedef te-tenplate-name {

}

type string {
pattern '/?([a-zA-Z0-9\- _.]1+)(/[a-zA-Z0-9\- .]1+)*";
}

description
"A type for the name of a TE node tenmplate or TE link
tenmplate.”;

typedef te-topol ogy-event-type {

type enuneration {
enum add {
val ue 0;
description
"A TE node or TE |ink has been added.";
}
enum renove {
val ue 1;
description
"A TE node or TE |ink has been renoved.";
}
enum updat e {
val ue 2;



description
"A TE node or TE |ink has been updated.";

}
}

description
"TE event type for notifications.";

}

typedef te-topology-id {
type union {
type string {
I ength "0";
[l enmpty string

type string {
pattern ' ([a-zA-Z0-9\-_.]1+:)*’
+ ' /?([a-zA-Z0-9\- _.1+)(/[a-zA-Z0-9\- _.1+)*";
}
}

description
"An identifier for a topol ogy.
It is optional to have one or nore prefixes at the beginning,
separated by colons. The prefixes can be 'network-types’ as
defined in the "ietf-network’ nodule in RFC 8345, to help the
user better understand the topol ogy before further inquiry
i s made.";
reference
"RFC 8345: A YANG Data Model for Network Topol ogi es";
}

typedef te-tp-id {
type union {
type uint32;
/1 Unnunber ed
type inet:ip-address;
/1 1Pv4d or |Pv6 address
}
description
"An identifier for a TE |ink endpoint on a node.
This attribute is mapped to a local or renmote link identifier
as defined in RFCs 3630 and 5305.";
reference
"RFC 3630: Traffic Engineering (TE) Extensions to OSPF
Version 2
RFC 5305: IS 1S Extensions for Traffic Engineering”;

}

/* TE features */

feature p2mp-te {
description
"I ndi cates support for Point-to-Miltipoint TE (P2MP-TE).";
ref erence
"RFC 4875: Extensions to Resource Reservation Protocol -
Traffic Engineering (RSVP-TE) for Point-to-Miltipoint TE
Label Switched Paths (LSPs)";

}

feature frr-te {
description
"Indi cates support for TE Fast Reroute (FRR).";
ref erence

}

feature extended-adm n-groups {

"RFC 4090: Fast Reroute Extensions to RSVP-TE for LSP Tunnel s";

’



description
"I ndi cates support for TE link extended adm nistrative
groups.";
ref erence
"RFC 7308: Extended Adm nistrative Goups in MPLS Traffic
Engi neering (MPLS-TE)";
}

feature naned-path-affinities {
description
"Indi cates support for naned path affinities."”;

}

f eat ure named- ext ended- adm n- groups {
description
"Indi cates support for named extended adm nistrative groups.";

}

feature named-srl g-groups {
description
"I ndi cates support for named SRLG groups.";

}

feature named- pat h-constraints {
description
"I ndi cates support for naned path constraints.";

}

feature path-optim zation-netric {
description
"Indi cates support for path optim zation metrics.";

}

feature path-optimn zati on-objective-function {
description
"Indi cates support for path optim zation objective functions.";

}

/*
* |dentities
*/

identity session-attributes-flags {
description
"Base identity for the RSVP-TE session attributes flags.";

}

identity local -protection-desired {
base session-attributes-fl ags;
description
"Local protection is desired.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s,
Section 4.7.1";

}

identity se-style-desired {
base session-attributes-fl ags;
description
"Shared explicit style, to allowthe LSP to be established
and share resources with the old LSP.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s";

}

identity local -recording-desired {



base session-attributes-fl ags;
description
"Label recording is desired.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s,
Section 4.7.1";

}

i dentity bandw dth-protection-desired {
base session-attributes-fl ags;
description
"Requests FRR bandw dth protection on LSRs, if present.";
ref erence
"RFC 4090: Fast Reroute Extensions to RSVP-TE for LSP Tunnel s";
}

i dentity node-protection-desired {
base session-attributes-fl ags;
description
"Requests FRR node protection on LSRs, if present.";
ref erence
"RFC 4090: Fast Reroute Extensions to RSVP-TE for LSP Tunnel s";
}

identity path-reeval uati on-request {
base session-attributes-fl ags;
description
"This flag indicates that a path re-evaluation (of the
current path in use) is requested. Note that this does
not trigger any LSP reroutes but instead just signals a
request to evaluate whether a preferable path exists.”;
ref erence
"RFC 4736: Reoptinization of Miltiprotocol Label Switching
(MPLS) Traffic Engineering (TE) Loosely Routed Label Switched
Path (LSP)"
}

identity soft-preenption-desired {
base session-attributes-fl ags;
description
"Soft preenption of LSP resources is desired.";
ref erence
"RFC 5712: MPLS Traffic Engineering Soft Preenption”;
}

identity |Isp-attributes-flags {
description
"Base identity for LSP attributes flags.";

}

identity end-to-end-rerouting-desired {
base | sp-attributes-flags;
description
"Indi cates end-to-end rerouting behavior for an LSP
under goi ng establishnent. This MAY al so be used to
specify the behavior of end-to-end LSP recovery for
established LSPs.";
ref erence
"RFC 4920: Crankback Signaling Extensions for MPLS and GWLS
RSVP- TE
RFC 5420: Encoding of Attributes for MPLS LSP Establishnent
Usi ng Resource Reservation Protocol Traffic Engineering
( RSVP- TE)
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";



i dentity boundary-rerouting-desired {
base | sp-attributes-flags;
description
"I ndi cat es boundary rerouting behavior for an LSP undergoi ng

establishnent. This MAY al so be used to specify
segnment - based LSP recovery through nested crankback for
established LSPs. The boundary Area Border Router (ABR) /
Aut ononbus Syst em Border Router (ASBR) can decide to forward
the Pat hErr nessage upstreamto either an upstream boundary
ABR/ ASBR or the ingress LSR Alternatively, it can try to
sel ect anot her egress boundary LSR ";

ref erence

"RFC 4920: Crankback Signaling Extensions for MPLS and GWPLS
RSVP- TE
RFC 5420: Encoding of Attributes for MPLS LSP Establ i shnent
Usi ng Resource Reservation Protocol Traffic Engineering
( RSVP- TE)
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";
}

identity segnent-based-rerouting-desired {
base I sp-attributes-flags;
description
"I ndi cat es segnent -based rerouting behavior for an LSP
under goi ng establishnent. This MAY al so be used to specify
segnment - based LSP recovery for established LSPs.";
reference
"RFC 4920: Crankback Signaling Extensions for MPLS and GWPLS
RSVP- TE
RFC 5420: Encoding of Attributes for MPLS LSP Establishnent
Usi ng Resource Reservation Protocol Traffic Engineering
( RSVP- TE)
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";
}

identity Isp-integrity-required {
base | sp-attributes-flags;
description
"Indicates that LSP integrity is required.";
ref erence
"RFC 4875: Extensions to Resource Reservation Protocol -
Traffic Engineering (RSVP-TE) for Point-to-Miltipoint TE
Label Switched Paths (LSPs)
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";
}

identity contiguous-|sp-desired {
base | sp-attributes-flags;
description
"Indicates that a contiguous LSP is desired.";
ref erence
"RFC 5151: Inter-Domain MPLS and GWLS Traffic Engineering --
Resource Reservation Protocol-Traffic Engi neering (RSVP-TE)
Ext ensi ons
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";
}

identity |Isp-stitching-desired {
base | sp-attributes-flags;
description
"Indicates that LSP stitching is desired.";



ref erence
"RFC 5150: Label Switched Path Stitching with Generalized
Mul tiprotocol Label Switching Traffic Engi neering (GVWPLS TE)
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";
}

identity pre-planned-Isp-flag {
base | sp-attributes-flags;
description
"Indicates that the LSP MJST be provisioned in the
control plane only.";
ref erence
"RFC 6001: GCeneralized MPLS (GQWPLS) Protocol Extensions for
Mul ti-Layer and Mul ti-Regi on Networks (M.N MRN)
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";
}

i dentity non-php-behavior-flag {
base | sp-attributes-flags;
description
"I ndi cates that non-PHP (non-Penultimnmate Hop Poppi ng) behavior
for the LSP is desired."”;
ref erence
"RFC 6511: Non-Penul timate Hop Poppi ng Behavi or and Qut - of - Band
Mappi ng for RSVP-TE Label Switched Pat hs
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";
}

i dentity oob-mapping-flag {
base | sp-attributes-flags;
description
"I'ndi cates that signaling of the egress binding information is
out of band (e.g., via the Border Gateway Protocol (BGP)).";
ref erence
"RFC 6511: Non-Penul timate Hop Poppi ng Behavi or and Qut - of - Band
Mappi ng for RSVP-TE Label Switched Pat hs
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";
}

identity entropy-|abel -capability {
base | sp-attributes-flags;
description
"Indicates entropy |abel capability.";
ref erence
"RFC 6790: The Use of Entropy Labels in MPLS Forwardi ng
RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Route hject (ERO";
}

identity oammep-entity-desired {

base | sp-attributes-flags;

description
"OAM Mai nt enance Entity G oup End Point (MEP) entities
desired.";

reference
"RFC 7260: QGVWPLS RSVP-TE Extensions for Operations,
Admi ni stration, and M ntenance (QAM Confi guration”;

}

identity oamm p-entity-desired {
base I sp-attributes-flags;
description



"QOAM Mai nt enance Entity Goup Internediate Points (MP)
entities desired.";
reference
"RFC 7260: QGVWPLS RSVP-TE Extensions for Operations,
Admi ni stration, and M ntenance (OQAM Configuration”;
}

identity srlg-collection-desired {
base | sp-attributes-flags;
description
"SRLG col | ection desired.";
ref erence
"RFC 7570: Label Switched Path (LSP) Attribute in the Explicit
Rout e hject (ERO
RFC 8001: RSVP-TE Extensions for Collecting Shared R sk
Li nk G oup (SRLG |Information";

}

identity | oopback-desired {
base | sp-attributes-flags;
description
"This flag indicates that a particular node on the LSP is
required to enter | oopback nmode. This can also be
used to specify the | oopback state of the node.";
ref erence
"RFC 7571: GWLS RSVP-TE Extensions for Lock Instruct and
Loopback";
}

identity p2np-te-tree-eval -request {
base | sp-attributes-flags;
description
"P2MP- TE tree re-eval uation request.";
ref erence
"RFC 8149: RSVP Extensions for Reoptimzation of Loosely Routed
Point-to-Miltipoint Traffic Engineering Label Sw tched Paths
(LSPs)";

identity rtmset-desired {
base I sp-attributes-flags;
description
"Resi dence Tinme Measurement (RTM attribute flag requested.”;
ref erence
"RFC 8169: Residence Time Measurenent in MPLS Networks";

}

identity link-protection-type {
description
"Base identity for the link protection type.";

}

identity link-protection-unprotected {
base |ink-protection-type;
description
"Unprotected link type.";
ref erence
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Miulti-Protocol Label Swtching (GWLS) Recovery";
}

identity link-protection-extra-traffic {
base |ink-protection-type;
description
"Extra-Traffic protected link type.";
ref erence



"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Switching (GWLS)"

}

identity link-protection-shared {
base |ink-protection-type;
description
"Shared protected link type.";
reference
"RFC 4872: RSVP-TE Extensions in Support of
General i zed Milti-Protocol Label Switching

}

identity link-protection-1-for-1 {
base |ink-protection-type;
description
"One-for-one (1:1) protected link type.";
ref erence
"RFC 4872: RSVP-TE Extensions in Support of
Generalized Multi-Protocol Label Swtching

}

identity link-protection-1-plus-1 {
base |ink-protection-type;
description
"One-plus-one (1+1) protected link type.";
reference
"RFC 4872: RSVP-TE Extensions in Support of
General i zed Milti-Protocol Label Switching

}

identity link-protection-enhanced {
base |ink-protection-type;
description

End-t o- End
(GQWLS) Recovery"

End-t o- End
(GQWPLS) Recovery"

End-t o- End
(GQWLS) Recovery"

"A conmpound link protection type derived fromthe underl ay

TE tunnel protection configuration supporti

}

identity association-type {
description
"Base identity for the tunnel association."”;

}

identity association-type-recovery {
base associ ati on-type;
description

ng the TE link.";

"Associ ation type for recovery, used to associate LSPs of the

same tunnel for recovery.";
ref erence
"RFC 4872: RSVP-TE Extensions in Support of

End-t o- End

Generalized Multi-Protocol Label Switching (GWLS) Recovery
RFC 6780: RSVP ASSCCI ATI ON hj ect Ext ensions";

}

identity association-type-resource-sharing {
base associ ati on-type;
description

"Associ ation type for resource sharing, used to enable
resource sharing during make-before-break.";

reference
"RFC 4873: GQVWPLS Segnent Recovery

RFC 6780: RSVP ASSOCI ATI ON Obj ect Extensions”;

}

identity association-type-doubl e-sided-bidir {
base associ ati on-type;



description
"Associ ation type for doubl e-sided bidirectional LSPs,
used to associate two LSPs of two tunnels that are
i ndependently configured on either endpoint.";
ref erence
"RFC 7551: RSVP-TE Extensions for Associated Bidirectiona
Label Switched Paths (LSPs)";

}

identity association-type-single-sided-bidir {
base associ ati on-type;
description
"Associ ation type for single-sided bidirectional LSPs,
used to associate two LSPs of two tunnels, where one
tunnel is configured on one side/endpoint and the other
tunnel is dynanmically created on the other endpoint.";
ref erence
"RFC 6780: RSVP ASSOCI ATI ON Obj ect Ext ensi ons
RFC 7551: RSVP-TE Extensions for Associated Bidirectiona
Label Switched Paths (LSPs)";

}

identity objective-function-type {
description
"Base objective function type.";
}

identity of-mninize-cost-path {
base objective-function-type;
description
"(bj ective function for mnimzing path cost.";
ref erence
"RFC 5541: Encodi ng of (hjective Functions in the Path
Conput ati on El enent Comuni cati on Protocol (PCEP)";

}

identity of-mnimze-|oad-path {
base objective-function-type;
description
"Qbj ective function for mnimzing the | oad on one or nore
pat hs.";
ref erence
"RFC 5541: Encodi ng of (bjective Functions in the Path
Conput ati on El enent Communi cati on Protocol (PCEP)";

}

identity of-maxinze-residual -bandw dth {
base objective-function-type;
description
"Obj ective function for maxim zing residual bandw dth.";
ref erence
"RFC 5541: Encodi ng of Objective Functions in the Path
Conput ati on El enent Comuni cati on Protocol (PCEP)";
}

identity of-m nim ze-agg-bandw dt h- consunption {

base objective-function-type;

description
"Cbj ective function for nininizing aggregate bandwi dth
consunption.";

ref erence
"RFC 5541: Encodi ng of (hjective Functions in the Path

Conput ati on El enent Comuni cati on Protocol (PCEP)";

}

identity of-m nimze-I|oad-nost-I|oaded-1ink {



base objective-function-type;
description
"Obj ective function for mnimzing the load on the Iink that
is carrying the highest load.";
reference
"RFC 5541: Encodi ng of (hjective Functions in the Path
Conput ati on El enent Comuni cati on Protocol (PCEP)";

}

identity of-mninize-cost-path-set {
base objective-function-type;
description
"(bj ective function for mnimzing the cost on a path set.”;
ref erence
"RFC 5541: Encodi ng of (hjective Functions in the Path
Conput ati on El enent Comuni cati on Protocol (PCEP)";

}

i dentity path-computation-nethod {
description
"Base identity for supported path conputation nechanisns.";
}

identity path-locally-conmputed {
base pat h- conput ati on- net hod;
description
"Indi cates a constrai ned-path LSP in which the
path is conputed by the local LER ";
reference
"RFC 3272: Overview and Principles of Internet Traffic
Engi neering, Section 5.4";
}

identity path-externally-queried {
base pat h- conput ati on- net hod,;
description
"Constrai ned-path LSP in which the path is obtained by
querying an external source, such as a PCE server.
In the case that an LSP is defined to be externally queried,
it may al so have associated explicit definitions (provided
to the external source to aid conputation). The path that is
returned by the external source may require further |oca
comput ation on the device.";
ref erence
"RFC 3272: Overview and Principles of Internet Traffic
Engi neeri ng
RFC 4657: Path Computation El erent (PCE) Communi cation
Prot ocol Generic Requirenents”;

}

identity path-explicitly-defined {
base pat h-conput ati on- net hod,;
description
"Constrai ned-path LSP in which the path is
explicitly specified as a collection of strict and/or |oose
hops. ";
reference
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnels
RFC 3272: Overview and Principles of Internet Traffic
Engi neeri ng";

}

identity Isp-metric-type {
description
"Base identity for the LSP metric specification types.";



identity Isp-metric-relative {
base | sp-netric-type;
description
"The metric specified for the LSPs to which this identity
refers is specified as a value relative to the I1GP nmetric
cost to the LSP's tail end.";
ref erence
"RFC 4657: Path Conputation El enent (PCE) Communication
Prot ocol Generic Requirenents";

}

identity |sp-metric-absolute {
base | sp-netric-type;
description
"The metric specified for the LSPs to which this identity
refers is specified as an absol ute val ue.";
ref erence
"RFC 4657: Path Conputation El ement (PCE) Communication
Prot ocol Generic Requirenents";

}

identity Isp-metric-inherited {
base | sp-netric-type;
description
"The netric for the LSPs to which this identity refers is
not specified explicitly; rather, it is directly inherited
fromthe I GP cost.";
reference
"RFC 4657: Path Conputation El ement (PCE) Communication
Prot ocol Generic Requirenents”;

}

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

identity te-tunnel-p2p {
base te-tunnel -type;
description
"TE Poi nt-to-Point (P2P) tunnel type.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s";
}

identity te-tunnel-p2m {

base te-tunnel -type;

description
"TE P2MP tunnel type.";

ref erence
"RFC 4875: Extensions to Resource Reservation Protocol -
Traffic Engi neering (RSVP-TE) for Point-to-Miltipoint TE

Label Switched Paths (LSPs)";

}

identity tunnel-action-type {
description
"Base identity from which specific tunnel action types
are derived.";

}

identity tunnel-action-resetup {
base tunnel -action-type;
description
"TE tunnel action that tears down the tunnel’s current LSP



(if any) and attenpts to re-establish a new LSP.";

identity tunnel-action-reoptimze {
base tunnel -action-type;
description
"TE tunnel action that reoptimzes the placement of the
tunnel LSP(s).";

}

identity tunnel -action-switchpath {
base tunnel -action-type;
description
"TE tunnel action that switches the tunnel’s LSP to use the
specified path.";
}

identity te-action-result {
description
"Base identity fromwhich specific TE action results
are derived.";

}

identity te-action-success {
base te-action-result;
description
"TE action was successful .";
}

identity te-action-fail {
base te-action-result;
description
"TE action failed.";
}

identity tunnel -action-inprogress {
base te-action-result;
description
"TE action is in progress.";
}

identity tunnel -adnin-state-type {
description
"Base identity for TE tunnel administrative states.";
}

identity tunnel-adni n-state-up {
base tunnel - adm n- st ate-type;
description
"Tunnel’s adm nistrative state is up.";
}

identity tunnel -adm n-state-down {
base tunnel - adm n- st ate-type;
description
"Tunnel s adnministrative state is down.";
}

identity tunnel -state-type {
description
"Base identity for TE tunnel states.";
}

identity tunnel-state-up {
base tunnel -state-type;
description



"Tunnel’s state is up.";

}

identity tunnel -state-down {
base tunnel -state-type;
description
"Tunnel’s state is down.";

}

identity |Isp-state-type {
description
"Base identity for TE LSP states.";

}

identity |sp-path-conputing {
base | sp-state-type;
description
"State path conputation is in progress.”;

}

identity | sp-path-conputation-ok {
base | sp-state-type;
description
"State path conputation was successful.";

}

identity |sp-path-conputation-failed {
base | sp-state-type;
description
"State path conputation failed.";

}

identity |sp-state-setting-up {
base | sp-state-type;
description
"State is being set up.";

}

identity |sp-state-setup-ok {
base | sp-state-type;
description
"State setup was successful.”;

}

identity |Isp-state-setup-failed {
base | sp-state-type;
description
"State setup failed.";

}

identity |Isp-state-up {
base | sp-state-type;
description
"State is up.";

}

identity |sp-state-tearing-down {
base | sp-state-type;
description
"State is being torn down.";

}

identity |sp-state-down {
base | sp-state-type;
description
"State is down.";



}

identity path-invalidation-action-type {
description
"Base identity for TE path invalidation action types.";
}

identity path-invalidation-action-drop {
base path-invalidation-action-type;
description
"Upon invalidation of the TE tunnel path, the tunnel remains
val id, but any packet mapped over the tunnel is dropped."”;
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnels,
Section 2.5";

}

identity path-invalidation-action-teardown {
base path-invalidation-action-type;
description
"TE path invalidation action teardown.";

ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s,
Section 2.5";

}

identity |Isp-restoration-type {
description
"Base identity fromwhich LSP restoration types are derived.";
}

identity |Isp-restoration-restore-any {
base | sp-restoration-type;
description
"Any LSP affected by a failure is restored."”;
}

identity |Isp-restoration-restore-all {
base | sp-restoration-type;
description
"Affected LSPs are restored after all LSPs of the tunnel are
br oken.";

}

identity restoration-schene-type {
description
"Base identity for LSP restoration schenes.";
}

identity restoration-schene-preconfigured {
base restoration-schene-type;
description
"Restoration LSP is preconfigured prior to the failure.";
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Miulti-Protocol Label Swtching (GWLS)"

}

identity restoration-schene-preconputed {
base restoration-scheme-type;
description
"Restoration LSP is preconputed prior to the failure.";
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Miulti-Protocol Label Sw tching (GWLS)"



identity restoration-schene-presignal ed {
base restoration-schene-type;
description
"Restoration LSP is presignaled prior to the failure.";
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Milti-Protocol Label Swtching (GWLS)"

}

identity |sp-protection-type {
description
"Base identity from which LSP protection types are derived.";
ref erence
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Miulti-Protocol Label Swtching (GWLS) Recovery";

}

identity |sp-protection-unprotected {
base | sp-protection-type;
description
""Unprotected LSP protection type.";
reference
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Multi-Protocol Label Swtching (GWLS) Recovery";

}

identity |sp-protection-reroute-extra {
base | sp-protection-type;
description
""(Full) Rerouting’ LSP protection type.";
ref erence
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Miulti-Protocol Label Swtching (GWLS) Recovery";

}

identity |sp-protection-reroute {
base | sp-protection-type;
description
""Rerouting without Extra-Traffic’ LSP protection type.";
reference
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Multi-Protocol Label Swtching (GWLS) Recovery”;

}

identity |Isp-protection-1-for-n {
base | sp-protection-type;
description
""1:N Protection with Extra-Traffic’ LSP protection type.";
ref erence
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Miulti-Protocol Label Swtching (GWLS) Recovery";

}

identity |Isp-protection-1-for-1 {
base | sp-protection-type;
description
"LSP protection '1:1 Protection Type' .";
reference
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Multi-Protocol Label Swtching (GWLS) Recovery";

}

identity |Isp-protection-unidir-1-plus-1 {
base | sp-protection-type;
description



""1+1 Unidirectional Protection” LSP protection type.";
ref erence
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Miulti-Protocol Label Swtching (GWLS) Recovery";

}

identity |Isp-protection-bidir-21-plus-1 {
base | sp-protection-type;
description
""1+1 Bidirectional Protection’ LSP protection type.";
reference
"RFC 4872: RSVP-TE Extensions in Support of End-to-End
Generalized Multi-Protocol Label Swtching (GWLS) Recovery";

}

identity |Isp-protection-extra-traffic {
base | sp-protection-type;
description
"Extra-Traffic LSP protection type.";
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Miulti-Protocol Label Swtching (GWLS)"

}

identity |sp-protection-state {
description
"Base identity of protection states for reporting purposes."”;
}

identity normal {
base | sp-protection-state;
description
“"Nornmal state.";
}

identity signal-fail-of-protection {

base | sp-protection-state;

description
"The protection transport entity has a signal fail condition
that is of higher priority than the forced switchover
conmand. ";

ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Swtching (GWLS)"

}

identity | ockout-of-protection {
base | sp-protection-state;
description
"A Loss of Protection (LoP) command is active.";
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Sw tching (GWLS)"

}

identity forced-switch {
base | sp-protection-state;
description
"A forced switchover command is active.";
reference
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Miulti-Protocol Label Swtching (GWLS)"

}

identity signal-fail {
base | sp-protection-state;



description
"There is a signal fail condition on either the working path
or the protection path.";

ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Swtching (GWLS)"

}

identity signal-degrade {
base | sp-protection-state;
description
"There is a signal degrade condition on either the working
path or the protection path.";
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Miulti-Protocol Label Swtching (GWLS)"
}

identity manual -switch {
base | sp-protection-state;
description
"A manual switchover conmmand is active.";
reference
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Sw tching (GWLS)"

}

identity wait-to-restore {
base | sp-protection-state;
description
"AWR tiner is running."”;
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Miulti-Protocol Label Swtching (GWLS)"
}

identity do-not-revert {

base | sp-protection-state;

description
"A Do Not Revert (DNR) condition is active because of

non-revertive behavior.";

ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Swtching (GWLS)"

}

identity failure-of-protocol {

base | sp-protection-state;

description
"LSP protection is not working because of a protocol failure
condition.";

ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Swtching (GWLS)"

}

identity protection-external-conmands {
description
"Base identity fromwhich protection-rel ated external comrands
used for troubl eshooting purposes are derived.";

}

identity action-freeze {
base protection-external -comands;
description
"A tenporary configuration action initiated by an operator



command that prevents any sw tchover action from being taken
and, as such, freezes the current state.";
reference
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Sw tching (GWLS)"
}

identity clear-freeze {
base protection-external -comands;
description
"An action that clears the active freeze state.";
reference
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Miulti-Protocol Label Swtching (GWLS)"

}

identity action-I|ockout-of-normal {

base protection-external -commands;

description
"A tenporary configuration action initiated by an operator
command to ensure that the normal traffic is not allowed
to use the protection transport entity.";

reference
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Sw tching (GWLS)"

}

identity clear-I|ockout-of-normal {
base protection-external -comuands;
description
"An action that clears the active |ockout of the
normal state.";
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Sw tching (GWLS)"
}

identity action-Iockout-of-protection {
base protection-external -comands;
description
"A tenporary configuration action initiated by an operator
command to ensure that the protection transport entity is
tenmporarily not available to transport a traffic signa
(either normal or Extra-Traffic).";
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Sw tching (GWLS)"
}

identity action-forced-switch {
base protection-external -comands;
description
"A switchover action initiated by an operator conmand to switch
the Extra-Traffic signal, the normal traffic signal, or the
null signal to the protection transport entity, unless a
swi tchover command of equal or higher priority is in effect.”;
ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Multi-Protocol Label Swtching (GWLS)"
}

identity action-manual -switch {
base protection-external -comands;
description
"A switchover action initiated by an operator conmand to switch
the Extra-Traffic signal, the normal traffic signal, or



the null signal to the protection transport entity, unless

a fault condition exists on other transport entities or a

swi tchover command of equal or higher priority is in effect.”;
ref erence

"RFC 4427: Recovery (Protection and Restoration) Term nol ogy

for Generalized Multi-Protocol Label Swtching (GWLS)"

}

identity action-exercise {
base protection-external -comands;
description
"An action that starts testing whether or not APS comunication

is operating correctly. It is of lower priority than any
ot her state or comand.";
ref erence

"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for CGeneralized Multi-Protocol Label Switching (GWLS)"

}

identity clear {

base protection-external -comands;

description
"An action that clears the active near-end | ockout of a
protection, forced sw tchover, manual sw tchover, WR state,
or exercise conmand.";

ref erence
"RFC 4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Miulti-Protocol Label Swtching (GWLS)"

}

identity swi tching-capabilities {
description
"Base identity for interface switching capabilities.";
ref erence
"RFC 3471: Ceneralized Milti-Protocol Label Switching (GVWLS)
Si gnal i ng Functional Description”;

}

identity switching-pscl {
base switching-capabilities;
description
"Packet-Swi tch Capable-1 (PSC1).";
ref erence
"RFC 3471: GCeneralized Miulti-Protocol Label Switching (GVPLS)
Si gnal i ng Functional Description”;

}

identity sw tching-evpl {
base switching-capabilities;
description
"Ethernet Virtual Private Line (EVPL).";
ref erence
"RFC 6004: Ceneralized MPLS (GQWPLS) Support for Metro Ethernet
Forum and G 8011 Ethernet Service Switching";

}

identity switching-12sc {
base switching-capabilities;
description
"Layer-2 Switch Capable (L2SC).";
ref erence
"RFC 3471: GCeneralized Miulti-Protocol Label Switching (GVPLS)
Si gnal i ng Functional Description”;

}

identity sw tching-tdm {



base switching-capabilities;
description

"Ti me-Division-Miltiplex Capable (TDM.";

ref erence
"RFC 3471: Generalized Milti-Protoco
Si gnal i ng Functional Description”;

}

identity switching-otn {
base switching-capabilities;
description
"OTN- TDM capabl e. ";
ref erence

Label

Swi t chi ng ( GVPLS)

"RFC 7138: Traffic Engineering Extensions to OSPF for GWLS
Control of Evolving G 709 Optical Transport Networks";

}

identity sw tching-dcsc {
base switching-capabilities;
description

"Data Channel Switching Capable (DCSC).";

ref erence

"RFC 6002: Ceneralized MPLS (GQWLS) Data Channel
Set Label Extensions";

Swi t chi ng Capabl e (DCSC) and Channel
}

identity switching-1lsc {
base switching-capabilities;
description
"Lanmbda- Swi tch Capabl e (LSC).";
ref erence
"RFC 3471: Generalized Milti-Protoco
Si gnal i ng Functional Description”;

}

identity swtching-fsc {
base switching-capabilities;
description
"Fi ber-Switch Capable (FSC).";
ref erence
"RFC 3471: Generalized Milti-Protoco
Si gnal i ng Functional Description”;

}

identity |sp-encoding-types {
description
"Base identity for encoding types.";
ref erence
"RFC 3471: Ceneralized Milti-Protoco
Si gnal i ng Functional Description”;

}

identity |sp-encodi ng- packet {
base | sp-encodi ng-types;
description
"Packet LSP encoding.";
reference
"RFC 3471: Generalized Milti-Protoco
Si gnal i ng Functional Description";

}

identity | sp-encoding-ethernet {
base | sp-encodi ng-types;
description
"Et hernet LSP encoding.";
reference

Label
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"RFC 3471: Ceneralized Miulti-Protocol Label Switching
Si gnal i ng Functional Description”;

}

identity |sp-encoding-pdh {
base | sp-encodi ng-types;
description
"ANSI/ ETSI PDH LSP encodi ng.";
ref erence
"RFC 3471: Ceneralized Multi-Protocol Label Switching
Si gnal i ng Functional Description";

}

identity |sp-encoding-sdh {
base | sp-encodi ng-types;
description
"SDH ITU-T G 707 / SONET ANSI T1.105 LSP encoding.";
ref erence
"RFC 3471: Ceneralized Multi-Protocol Label Switching
Si gnal i ng Functional Description”;

}

identity |sp-encoding-digital -w apper {
base | sp-encodi ng-types;
description
"Digital Wapper LSP encoding.";
reference
"RFC 3471: Ceneralized Multi-Protocol Label Switching
Si gnal i ng Functional Description";

}

identity | sp-encoding-1lanbda {
base | sp-encodi ng-types;
description
"Lanmbda (photonic) LSP encoding.";
ref erence
"RFC 3471: Ceneralized Miulti-Protocol Label Switching
Si gnal i ng Functional Description”;

}

identity |sp-encoding-fiber {
base | sp-encodi ng-types;
description
"Fi ber LSP encoding.";
ref erence
"RFC 3471: Ceneralized Multi-Protocol Label Switching
Si gnal i ng Functional Description";

}

identity |sp-encoding-fiber-channel {
base | sp-encodi ng-types;
description
"Fi ber Channel LSP encoding.";
ref erence
"RFC 3471: Ceneralized Miulti-Protocol Label Switching
Si gnal i ng Functional Description”;

}

identity | sp-encodi ng-oduk {
base | sp-encodi ng-types;
description
"G 709 ODWk (Digital Path) LSP encoding.";
ref erence
"RFC 4328: Ceneralized Multi-Protocol Label Switching

(GVPLS)
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Si gnaling Extensions for G 709 Optical Transport Networks

Control ";



}

identity | sp-encoding-optical -channel {
base | sp-encodi ng-types;
description
"G 709 Optical Channel LSP encoding.";
ref erence
"RFC 4328: Ceneralized Miulti-Protocol Label Switching (GVPLS)
Signaling Extensions for G 709 Optical Transport Networks
Control ";

}

identity |sp-encoding-line {
base | sp-encodi ng-types;
description
"Line (e.g., 8B/10B) LSP encoding.";
reference
"RFC 6004: Ceneralized MPLS (GWLS) Support for Metro
Et hernet Forum and G 8011 Et hernet Service Swi tching";

}

i dentity path-signaling-type {
description
"Base identity from which specific LSP path setup types
are derived.";

}

identity path-setup-static {
base pat h-signaling-type;
description
"Static LSP provisioning path setup.”;

}

identity path-setup-rsvp {
base pat h-signaling-type;
description
"RSVP- TE signaling path setup."”;
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s";

}

identity path-setup-sr {
base pat h-signaling-type;
description
"Segnent-routing path setup.”;

}

identity path-scope-type {
description
"Base identity from which specific path scope types are
derived.";

}

i dentity path-scope-segnent {
base pat h-scope-type;
description
"Pat h scope segnent.";
ref erence
"RFC 4873: QWPLS Segnent Recovery";

}

identity path-scope-end-to-end {
base pat h-scope-type;
description
"Path scope end to end.";
reference



"RFC 4873: QWPLS Segnment Recovery",
}

identity route-usage-type {
description
"Base identity for route usage.";

}

identity route-include-object {
base route-usage-type;
description
""Include route’ object."”;

}

i dentity route-exclude-object {
base route-usage-type;
description
"' Exclude route’ object."”;
ref erence
"RFC 4874: Exclude Routes - Extension to Resource ReserVation
Protocol - Traffi ¢ Engi neering (RSVP-TE)";

}

identity route-exclude-srlg {
base route-usage-type;
description
"Excl udes SRLGs.";
ref erence
"RFC 4874: Exclude Routes - Extension to Resource ReserVation
Protocol - Traffi c Engi neering (RSVP-TE)";

}

identity path-netric-type {
description
"Base identity for the path netric type.";

}

identity path-nmetric-te {
base path-netric-type;
description
"TE path netric.";
ref erence
"RFC 3785: Use of Interior Gateway Protocol (IGP) Metric as a
second MPLS Traffic Engineering (TE) Metric";

}

identity path-metric-igp {
base path-netric-type;
description
"IGP path netric.";
ref erence
"RFC 3785: Use of Interior Gateway Protocol (IGP) Metric as a
second MPLS Traffic Engineering (TE) Metric";

}

identity path-nmetric-hop {
base path-netric-type;
description
"Hop path nmetric.";

identity path-netric-del ay-average {
base path-netric-type;
description
"Average unidirectional link delay.";
ref erence



"RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions”;
}

identity path-netric-delay-nm ni num {
base path-netric-type;
description
"M nimumunidirectional |ink delay.";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions";

}

identity path-metric-residual -bandw dth {
base path-netric-type;
description
"Uni directional Residual Bandwi dth, which is defined to be
Maxi mum Bandwi dt h (RFC 3630) m nus the bandwi dth currently
all ocated to LSPs.";
ref erence
"RFC 3630: Traffic Engineering (TE) Extensions to OSPF
Version 2
RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions";

}

identity path-metric-optim ze-includes {
base path-netric-type;
description
"A nmetric that optim zes the nunber of included resources
specified in a set.";

}

identity path-nmetric-optim ze-excl udes {
base path-netric-type;
description
"A metric that optimzes to a naxi numthe nunber of excluded
resources specified in a set.";

}

identity path-tiebreaker-type {
description
"Base identity for the path tiebreaker type.";

}

identity path-tiebreaker-mnfill {
base path-tiebreaker-type;
description
"Mn-Fill LSP path placenent.";

}

identity path-tiebreaker-maxfill {
base path-tiebreaker-type;
description
"Max-Fill LSP path placenent.";

}

identity path-tiebreaker-random {
base path-tiebreaker-type;
description
"Random LSP pat h pl acenent.";

}

identity resource-affinities-type {
description
"Base identity for resource class affinities.”;
ref erence
"RFC 2702: Requirenents for Traffic Engi neering Over MLS";



identity resource-aff-include-all {
base resource-affinities-type;
description
"The set of attribute filters associated with a
tunnel, all of which nust be present for a link
to be acceptable.”;
ref erence
"RFC 2702: Requirenents for Traffic Engineering Over MPLS
RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s";

}

identity resource-aff-include-any {
base resource-affinities-type;
description
"The set of attribute filters associated with a
tunnel, any of which nust be present for a link
to be acceptable.”;
ref erence
"RFC 2702: Requirenents for Traffic Engineering Over MPLS
RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s";

}

identity resource-aff-exclude-any {

base resource-affinities-type;
description

"The set of attribute filters associated with a

tunnel, any of which renders a |link unacceptable.";
reference

"RFC 2702: Requirenments for Traffic Engineering Over MPLS

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

}

identity te-optimization-criterion {
description
"Base identity for the TE optinization criteria.";
ref erence
"RFC 3272: Overview and Principles of Internet Traffic
Engi neeri ng";

}

identity not-optimzed {
base te-optim zation-criterion;
description
"Optimzation is not applied."”;
}

identity cost {
base te-optim zation-criterion;
description
"Optimzed on cost.";
ref erence
"RFC 5541: Encodi ng of Objective Functions in the Path
Conput ati on El enent Communi cati on Protocol (PCEP)"

}

identity delay {
base te-optim zation-criterion;
description
"Optimzed on delay.";
ref erence
"RFC 5541: Encodi ng of (hjective Functions in the Path
Conput ati on El enent Communi cati on Protocol (PCEP)";

}

identity path-conputation-srlg-type {



description
"Base identity for SRLG path conputation.”;

}

identity srlg-ignore {
base pat h-conput ation-srlg-type;
description
"lIgnores SRLGs in the path conputation.”;

}

identity srlg-strict {
base pat h-conput ation-srlg-type;
description
"Includes a strict SRLG check in the path conputation.”;

}

identity srlg-preferred {
base pat h-conput ation-srlg-type;
description
"Includes a preferred SRLG check in the path conputation.”;

}

identity srlg-weighted {
base pat h-conput ation-srlg-type;
description
"Incl udes a wei ghted SRLG check in the path conputation."”;
}

/**

* TE bandwi dt h groupi ngs

**/

groupi ng te-bandwi dth {
description
"Thi s grouping defines the generic TE bandwi dt h.
For some known dat a- pl ane technol ogi es, specific nodeling
structures are specified. The string-encoded 'te-bandw dth’
type is used for unspecified technol ogies.
The nodeling structure can be augnented |ater for other
technol ogi es. ";
cont ai ner te-bandw dth {
description
"Cont ai ner that specifies TE bandwi dth. The choices
can be augnented for specific data-plane technol ogies.";
choi ce technol ogy {
default "generic";
description
"Dat a- pl ane technol ogy type.";
case generic {
| eaf generic {
type te-bandw dth
description
"Bandwi dth specified in a generic format.";

}
}
}

}
}
/**

* TE | abel groupings
**/

groupi ng te-Ilabel {
description
"This grouping defines the generic TE | abel



The nodeling structure can be augmented for each technol ogy.
For unspecified technologies, '"rt-types:generalized-I abel
is used.";
contai ner te-1label ({
description
"Cont ai ner that specifies the TE | abel. The choices can
be augnented for specific data-plane technol ogies.";
choi ce technol ogy {
default "generic";
description
"Dat a- pl ane technol ogy type.";
case generic {
| eaf generic {
type rt-types: generalized-| abel;
description
"TE | abel specified in a generic format.";
}

}

| eaf direction {
type te-label-direction;
default "forward"
description
"Label direction.";

}
}
}

groupi ng te-topol ogy-identifier {
description
"Augnentati on for a TE topol ogy.";
contai ner te-topology-identifier {
description
"TE topol ogy identifier container.";
| eaf provider-id {
type te-gl obal -id;
default "0";
description
"An identifier to uniquely identify a provider
If omtted, it assunmes that the topology provider ID
value = 0 (the default).";
}
leaf client-id {
type te-gl obal -id;
default "0";
description
"An identifier to uniquely identify a client.
If omtted, it assumes that the topology client ID
value = 0 (the default).";
}
| eaf topology-id {
type te-topol ogy-id;
default "";
description
"When the datastore contains several topologies,
"topol ogy-id distinguishes between them |If omitted,
the default (enpty) string for this leaf is assuned.”;

}
}
}

/**

* TE performance netrics groupings

**/

groupi ng performance-nmetrics-one-way-del ay-1oss {



description
"Performance Metrics (PM information in real tine that can
be applicable to links or connections. PMdefined in this
grouping are applicable to generic TE PM as well as packet TE
PM";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions
RFC 7823: Perfornmance-Based Path Sel ection for Explicitly
Rout ed Label Switched Paths (LSPs) Using TE Metric
Ext ensi ons
RFC 8570: 1S-1S Traffic Engineering (TE) Metric Extensions";
| eaf one-way-del ay {
type uint32 {
range "0..16777215";
}

description
"One-way delay or latency in mcroseconds.";
}

| eaf one-way-del ay-normality {
type te-types: performance-netrics-nornality;
description
"One-way delay normality.";
}

}

groupi ng performance-netrics-two-way-del ay-1|oss {
description
"PMinformation in real tinme that can be applicable to |links or
connections. PMdefined in this grouping are applicable to
generic TE PM as well as packet TE PM";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions
RFC 7823: Perfornmance-Based Path Sel ection for Explicitly
Rout ed Label Switched Paths (LSPs) Using TE Metric
Ext ensi ons
RFC 8570: I1S-1S Traffic Engineering (TE) Metric Extensions";
| eaf two-way-delay {
type uint32 {
range "0..16777215";
}

description
"Two-way delay or latency in mcroseconds.";

| eaf two-way-del ay-normality {
type te-types: performance-netrics-nornality;
description
"Two-way delay normality.";
}

}

groupi ng performance-netrics-one-way-bandw dth {
description
"PMinformation in real time that can be applicable to |inks.
PM defined in this grouping are applicable to generic TE PM
as well as packet TE PM";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions
RFC 7823: Perfornmance-Based Path Sel ection for Explicitly
Rout ed Label Switched Paths (LSPs) Using TE Metric
Ext ensi ons
RFC 8570: IS-1S Traffic Engineering (TE) Metric Extensions”;
| eaf one-way-residual -bandw dth {
type rt-types: bandwi dt h-i eee-fl oat 32;
units "bytes per second";
default "0xOp0";
description



"Resi dual bandwi dth that subtracts tunnel reservations from
Maxi mum Bandwi dth (or |ink capacity) (RFC 3630) and
provi des an aggregated renai nder across QS cl asses.";

reference

"RFC 3630: Traffic Engineering (TE) Extensions to OSPF
Version 2";

}
| eaf one-way-residual -bandwi dth-normality {
type te-types: performance-netrics-nornality;
default "normal";
description
"Resi dual bandwi dth normality.";
}

| eaf one-way-avai |l abl e- bandw dth {
type rt-types: bandwi dt h-i eee-fl oat 32;
units "bytes per second";
default "0xOp0";
description
"Avai |l abl e bandwi dth that is defined to be residua
bandw dt h m nus the neasured bandw dth used for the
actual forwarding of non-RSVP-TE LSP packets. For a
bundl ed |ink, available bandwidth is defined to be the
sum of the conponent |ink avail abl e bandw dt hs.";
}
| eaf one-way-avail abl e- bandwi dt h-normality {
type te-types: performance-netrics-nornality;
default "normal";
description
"Avai |l abl e bandwi dth normality.";
}

| eaf one-way-utilized-bandw dth {
type rt-types: bandwi dt h-i eee-fl oat 32;
units "bytes per second";
default "0xO0p0";
description
"Bandwi dth utilization that represents the actua
utilization of the link (i.e., as measured in the router).
For a bundled link, bandwidth utilization is defined to
be the sum of the conponent |ink bandwi dth utilizations.";
}
| eaf one-way-utilized-bandw dth-normality {
type te-types: performance-netrics-normality;
default "normal ";
description
"Bandwi dth utilization normality.";
}

}

groupi ng one-way- performance-netrics {
description
"One-way PMthrottle grouping."”;
| eaf one-way-del ay {
type uint32 {
range "0..16777215",

}
default "O0";
description
"One-way delay or latency in mcroseconds.";
}

| eaf one-way-residual - bandwi dth {
type rt-types: bandwi dt h-i eee-fl oat 32;
units "bytes per second";
default "0xO0p0";
description
"Resi dual bandwi dth that subtracts tunnel reservations from
Maxi mum Bandwi dth (or |ink capacity) (RFC 3630) and



provi des an aggregated renmai nder across QoS cl asses.”;
ref erence
"RFC 3630: Traffic Engineering (TE) Extensions to OSPF
Ver sion 2";
}
| eaf one-way-avail abl e- bandw dth {
type rt-types: bandwi dt h-i eee-fl oat 32;
units "bytes per second";
default "0xO0p0";
description
"Avail abl e bandwidth that is defined to be residua
bandwi dth mi nus the neasured bandw dth used for the
actual forwarding of non-RSVP-TE LSP packets. For a
bundl ed Iink, available bandwidth is defined to be the
sum of the conponent |ink avail abl e bandwi dt hs.";
}
| eaf one-way-utilized-bandw dth {
type rt-types: bandwi dt h-i eee-fl oat 32;
units "bytes per second";
default "0xO0p0";
description
"Bandwi dth utilization that represents the actua
utilization of the link (i.e., as neasured in the router).
For a bundl ed link, bandwidth utilization is defined to
be the sum of the conponent |ink bandwi dth utilizations.";

}
}

groupi ng two-way- performance-nmetrics {
description
"Two-way PMthrottle grouping."”;
| eaf two-way-del ay {
type uint32 {
range "0..16777215";
}

default "0";
description
"Two-way delay or latency in mcroseconds.";
}

}

groupi ng performance-netrics-threshol ds {
description
"Grouping for configurable thresholds for neasured
attributes.";
uses one-way- perfornmance-netrics;
uses two-way-performance-netrics;

}

groupi ng performance-netrics-attributes {
description
"Contains PMattributes.";
cont ai ner performance-netrics-one-way {
description
"One-way |ink performance information in real tine.";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions
RFC 7823: Perfornmance-Based Path Sel ection for Explicitly
Rout ed Label Switched Paths (LSPs) Using TE Metric
Ext ensi ons
RFC 8570: IS-1S Traffic Engineering (TE) Metric Extensions”;
uses performance-netrics-one-way-del ay-| oss;
uses performance-netri cs-one-way- bandw dt h;
}
cont ai ner performance-netrics-two-way {
description



"Two-way |ink performance information in real tine.";
ref erence
"RFC 6374: Packet Loss and Del ay Measurenent for MPLS
Net wor ks" ;
uses performance-netri cs-two-way-del ay-| oss;

}
}

groupi ng performance-netrics-throttl e-container {
description
"Controls PMthrottling.";
container throttle {
must ' suppression-interval >= neasure-interval’ {
error-nessage "' suppression-interval’ cannot be |less than "
+ "’measure-interval’.";
description
"Constraint on ’'suppression-interval’ and

"measure-interval’.";
}
description
"Link performance information in real tine.";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions
RFC 7823: Performance-Based Path Sel ection for Explicitly
Rout ed Label Switched Paths (LSPs) Using TE Metric
Ext ensi ons
RFC 8570: IS-1S Traffic Engineering (TE) Metric Extensions";
| eaf one-way-del ay-of fset {
type uint32 {
range "0..16777215",

}
default "0";
description
"OFfset value to be added to the neasured delay val ue.";
}
| eaf measure-interval {
type uint32;
default "30";
description
"Interval, in seconds, to neasure the extended netric
val ues. ";
}
| eaf advertisenment-interval ({
type uint32;
default "0";
description
"Interval, in seconds, to advertise the extended netric
val ues.";
}
| eaf suppression-interval {
type uint32 {
range "1..max";
}
default "120";
description

"Interval, in seconds, to suppress advertisenent of the
extended netric values.";
ref erence

"RFC 8570: 1S-1S Traffic Engineering (TE) Metric
Ext ensi ons, Section 6";
}
contai ner threshol d-out {
uses performance-netrics-threshol ds;
description
"If the measured paraneter falls outside an upper bound
for all but the m nimumdelay nmetric (or a | ower bound



for the mnimumdelay nmetric only) and the advertised
val ue is not already outside that bound, an 'anonal ous
announcenent (anomal ous bit set) will be triggered.";
}
contai ner threshold-in {
uses performance-netrics-threshol ds;
description
"If the nmeasured paraneter falls inside an upper bound
for all but the mninmumdelay nmetric (or a | ower bound
for the mnimumdelay nmetric only) and the advertised
val ue is not already inside that bound, a 'nornmal
announcerent (anomal ous bit cleared) will be triggered.”;
}
cont ai ner threshol d-accel erat ed-advertisenment {
description
"When the difference between the | ast advertised val ue and
the current measured val ue exceeds this threshold, an
"anonmal ous’ announcenent (anomal ous bit set) wll be
triggered.”;
uses performance-netrics-threshol ds;
}
}
}

/**

* TE tunnel generic groupings

**/

groupi ng explicit-route-hop {
description
"The explicit route entry grouping."”;
choi ce type {
description
"The explicit route entry type.";
case nunber ed- node- hop {
cont ai ner nunber ed- node- hop {
| eaf node-id {
type te-node-id;
mandat ory true;
description
"The identifier of a node in the TE topol ogy.";
}

| eaf hop-type {
type te-hop-type;
default "strict";
description
"Strict or loose hop.";
}

description
"Nurmber ed node route hop.";
reference
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnels,
Section 4.3, EXPLICIT_ROUTE in RSVP-TE
RFC 3477: Signalling Unnunmbered Links in Resource
ReSer Vati on Protocol - Traffic Engineering (RSVP-TE)"
}
}
case nunbered-|ink-hop {
cont ai ner nunber ed-1i nk-hop {
leaf link-tp-id {
type te-tp-id;
mandat ory true;
description
"TE Link Termnination Point (LTP) identifier.";

}
| eaf hop-type {



type te-hop-type;
default "strict";
description

"Strict or |oose hop.";

| eaf direction {
type te-link-direction;
default "outgoing";
description
"Link route object direction.";
}

description
"Numbered link explicit route hop.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnels,
Section 4.3, EXPLICI T _ROUTE in RSVP-TE
RFC 3477: Signalling Unnunbered Links in Resource
ReSer Vation Protocol - Traffic Engineering (RSVP-TE)";
}
}
case unnunber ed-1ink-hop {
cont ai ner unnunbered-1ink-hop {
leaf link-tp-id {
type te-tp-id;
mandat ory true;
description
"TE LTP identifier. The conbination of the TE link ID
and the TE node IDis used to identify an unnunbered
TE link.";

| eaf node-id {
type te-node-id;
mandat ory true;
description
"The identifier of a node in the TE topol ogy.";

}
| eaf hop-type {
type te-hop-type;
default "strict";
description
"Strict or loose hop.";
}

| eaf direction {
type te-link-direction;
default "outgoing";
description
"Link route object direction.";
}

description
"Unnunbered Iink explicit route hop.";
reference
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s,
Section 4.3, EXPLICIT_ROUTE in RSVP-TE
RFC 3477: Signalling Unnunmbered Links in Resource
ReSer Vati on Protocol - Traffic Engineering (RSVP-TE)"
}
}
case as-nunber {
cont ai ner as- nunber-hop {
| eaf as-nunber ({
type inet:as-nunber;
mandat ory true;
description
"The Aut ononous System (AS) nunber.";

}
| eaf hop-type {



type te-hop-type;
default "strict";
description
"Strict or |oose hop.";
}

description
"AS explicit route hop.";

}

case | abel {
cont ai ner | abel -hop {
description
"Label hop type.";
uses te-label;
}
description
"The | abel explicit route hop type.";
}

}
}

groupi ng record-route-state {
description
"The Record Route grouping.";
| eaf index {
type uint32;
description
"Record Route hop index. The index is used to
identify an entry in the list. The order of entries
is defined by the user without relying on key val ues.";

choi ce type {
description
"The Record Route entry type.";
case nunber ed- node- hop {
cont ai ner nunber ed- node- hop {
description
"Nunmber ed node route hop container.";
| eaf node-id {
type te-node-id;
mandat ory true;
description
"The identifier of a node in the TE topol ogy.";

}
leaf-1ist flags {
type path-attribute-fl ags;
description
"Path attributes flags.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnels
RFC 4090: Fast Reroute Extensions to RSVP-TE for LSP
Tunnel s
RFC 4561: Definition of a Record Route Object (RRO
Node-1d Sub- Cbject"”;
}
}
description
"Nurmber ed node route hop.";
}

case nunbered-|ink-hop {
cont ai ner nunber ed-1ink-hop {
description
"Nurmbered |ink route hop container.";
leaf link-tp-id {
type te-tp-id;
mandat ory true;



description
"Nunbered TE LTP identifier.";
}

leaf-1ist flags {
type path-attribute-fl ags;
description
"Path attributes flags.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnels
RFC 4090: Fast Reroute Extensions to RSVP-TE for LSP
Tunnel s
RFC 4561: Definition of a Record Route Object (RRO
Node-1d Sub- Cbject"”;
}
}

description
"Nurmbered link route hop.";
}
case unnunbered-1ink-hop {
cont ai ner unnunbered-1ink-hop {
leaf link-tp-id {
type te-tp-id;
mandat ory true;
description
"TE LTP identifier. The conbination of the TElink ID
and the TE node IDis used to identify an unnunbered
TE link.";
}
| eaf node-id {
type te-node-id;
description
"The identifier of a node in the TE topol ogy.";

leaf-list flags {
type path-attribute-fl ags;
description
"Path attributes flags.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnels
RFC 4090: Fast Reroute Extensions to RSVP-TE for LSP
Tunnel s
RFC 4561: Definition of a Record Route Object (RRO
Node-1d Sub- Cbject"”;
}
description
"Unnunbered |ink Record Route hop.";
reference
"RFC 3477: Signalling Unnunbered Links in Resource
ReSer Vati on Protocol - Traffic Engineering (RSVP-TE)"
}
description
"Unnunbered Iink route hop.";

case | abel {
cont ai ner | abel -hop {
description
"Label route hop type.";
uses te-Iabel;
leaf-1ist flags {
type path-attribute-fl ags;
description
"Path attributes flags.";
reference
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnels
RFC 4090: Fast Reroute Extensions to RSVP-TE for LSP
Tunnel s



RFC 4561: Definition of a Record Route Object (RRO
Node-1d Sub- Chject";
}
}
description
"The | abel Record Route entry types.";
}

}
}

grouping | abel -restriction-info {
description
"Label set iteminformation.";
| eaf restriction {
type enuneration {
enum i ncl usi ve {
description
"The | abel or |abel range is inclusive.";
}
enum excl usi ve {
description
"The | abel or |abel range is exclusive.";

}
}

default "inclusive";
description
"I ndi cates whether the list itemis inclusive or exclusive.";
}

| eaf index {
type uint32;
description
"The index of the label restriction list entry.";
}

container |abel-start {
must "(not(../label-end/te-1abel/direction) and"
+ " not(te-label/direction))"

+ " or
+ "(../label-end/te-label/direction = te-label/direction)"
+ " or "
+ "(not(te-1label/direction) and"
+ " (../label-end/te-1abel/direction = 'forward ))"
+ " or "
+ "(not(../label-end/te-1abel/direction) and"
+ " (te-label/direction = "forward ))" {
error-nessage "’'label-start’ and 'l abel-end’” nust have the "

+ "sane direction.";
}
description
"This is the starting |label if a | abel range is specified.
This is the label value if a single |label is specified,
in which case the '| abel-end’ attribute is not set.";
uses te-|abel;
}
cont ai ner | abel -end {
must "(not(../label-start/te-1abel/direction) and"
+ " not(te-label/direction))"

+ " or
+ "(../label-start/te-label/direction = te-label/direction)"
+ n Or n
+ "(not(te-1abel/direction) and"
+ " (../label-start/te-label/direction = "forward))"
+ " or "
+ "(not(../label-start/te-label/direction) and"
+ " (te-label/direction = "forward ))" {
error-nessage "'label-start’ and 'l abel-end” nust have the "

+ "sanme direction.";



}

description
"This is the ending | abel if a |label range is specified.
This attribute is not set if a single label is specified.";
uses te-Iabel;
}
cont ai ner | abel -step {
description
"The step increnment between | abels in the | abel range.
The | abel start/end values will have to be consistent
with the sign of |abel step. For exanple,
"label -start’ < 'label-end enforces 'label-step’ >0
"label -start’ > 'l abel-end” enforces ’'|abel-step’ < 0.";
choi ce technol ogy {
default "generic";
description
"Dat a- pl ane technol ogy type.";
case generic {
| eaf generic {
type int32;
default "1";
description
"Label range step.";
}

}
}
}
| eaf range-bitmap {
type yang: hex-stri ng;
description
"When there are gaps between ’'|abel-start’ and ’'| abel -end’,
this attribute is used to specify the positions
of the used labels. This is represented in big endian as
"hex-string' .
The nost significant byte in the hex-string is the farthest
to the left in the byte sequence. Leading zero bytes in the
configured value may be onmitted for brevity.
Each bit position in the 'range-bitmap’ ’'hex-string naps
to a label in the range derived from’|abel-start’.

For exanple, assuming that 'label-start’ = 16000 and
"range-bi tmap’ = 0x01000001, then:

- bit position (0) is set, and the correspondi ng nmapped
| abel fromthe range is 16000 + (0 * '|abel -step’) or
16000 for default ’'Iabel-step’ = 1.

- bit position (24) is set, and the correspondi ng mapped
| abel fromthe range is 16000 + (24 * 'l abel-step’) or
16024 for default 'l abel-step” = 1.";

}
}

groupi ng | abel -set-info {
description
"Grouping for the list of |abel restrictions specifying what
| abel s may or may not be used.”;
contai ner |abel-restrictions {
description
"The | abel restrictions container.";
list |abel-restriction {
key "index";
description
"The absence of the | abel restrictions container inplies
that all |abels are acceptable; otherwi se, only restricted
| abel s are available.";
ref erence



"RFC 7579: Ceneral Network El enment Constraint Encoding
for GWLS-Controll ed Networks”;
uses | abel -restriction-info;
}
}
}

grouping optim zation-netric-entry {
description
"Optimzation netrics configuration grouping.";
| eaf metric-type {
type identityref {
base path-netric-type;
}

description
"Identifies the 'netric-type’ that the path conmputation
process uses for optimzation.";

}
| eaf weight {
type uint8;
default "1";
description
"TE path nmetric normalization weight.";
}
cont ai ner explicit-route-exclude-objects {
when "../nmetric-type ="
+ "'te-types:path-nmetric-optim ze-excludes'";
description
"Container for the 'exclude route’ object list.";
uses pat h-rout e-excl ude-obj ect s;
}
contai ner explicit-route-include-objects {
when "../netric-type ="
+ "'te-types:path-netric-optimze-includes'";
description
"Container for the "include route’ object list.";
uses pat h-route-incl ude-objects;
}
}

groupi ng common-constraints {
description
"Common constraints groupi ng that can be set on
a constraint set or directly on the tunnel.";
uses te-bandwi dth {
description
"A requested bandwidth to use for path conputation."”;

| eaf |ink-protection {
type identityref {
base |ink-protection-type;

default "te-types:|ink-protection-unprotected”;
description
"Link protection type required for the links included
in the conputed path.";
ref erence
"RFC 4202: Routing Extensions in Support of
Generalized Multi-Protocol Label Sw tching (GWLS)"

}
| eaf setup-priority {
type uint8 {
range "0..7";
}
default "7";

description



"TE LSP requested setup priority.";
ref erence
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s";

}
| eaf hold-priority {

type uint8 {
range "0..7";

}

default "7";

description
"TE LSP requested hold priority.";
reference
"RFC 3209: RSVP-TE: Extensions to RSVP for LSP Tunnel s";
}
| eaf signaling-type {
type identityref {
base pat h-signaling-type;

default "te-types: path-setup-rsvp";
description
"TE tunnel path signaling type.";

}
}

groupi ng tunnel -constraints {
description
"Tunnel constraints grouping that can be set on
a constraint set or directly on the tunnel.";
uses te-topol ogy-identifier;
uses conmmobn-constraints;

}

groupi ng pat h-constrai nts-route-objects {
description
"List of route entries to be included or excluded when
performng the path conputation.”;
cont ai ner explicit-route-objects-always {
description
"Container for the 'exclude route’ object list.";
i st route-object-exclude-always {
key "index";
or der ed- by user;
description
"List of route objects to always exclude fromthe path
conmputation.";
| eaf index {
type uint32;
description
"Explicit Route Cbject index. The index is used to
identify an entry in the list. The order of entries
is defined by the user without relying on key val ues.";
}
uses explicit-route-hop;
}
i st route-object-include-exclude {
key "index";
order ed- by user;
description
"List of route objects to include or exclude in the path
comput ation.";
| eaf explicit-route-usage {
type identityref {
base route-usage-type;
}

default "te-types:route-include-object”;
description



"I ndi cates whether to include or exclude the
route object. The default is to include it.";

}
| eaf index {
type uint32;
description
"Rout e obj ect include-exclude index. The index is used
to identify an entry in the list. The order of entries
is defined by the user without relying on key val ues.";
}

uses explicit-route-hop {
augnment "type" {
case srlg {
container srlg {
description
"SRLG contai ner.";
| eaf srlg {
type uint32;
description
"SRLG val ue. ";
}
}
description
"An SRLG val ue to be included or excluded.";
}

description

"Augnentation for a generic explicit route for SRLG
excl usion.";

groupi ng pat h-rout e-i ncl ude-objects {
description
"List of route objects to be included when performn ng
the path conputation."”;
i st route-object-include-object {
key "index";
order ed- by user;
description
"List of Explicit Route Objects to be included in the
pat h conputation.”;
| eaf index {
type uint32;
description
"Route object entry index. The index is used to
identify an entry in the list. The order of entries
is defined by the user w thout relying on key val ues.";
}
uses explicit-route-hop;
}
}

groupi ng pat h-rout e-excl ude-objects {
description
"List of route objects to be excluded when performn ng
the path conputation."”;
Iist route-object-exclude-object {
key "index";
or der ed- by user;
description
"List of Explicit Route Ohjects to be excluded in the
pat h conputation.”;
| eaf index {



type uint32;
description
"Route object entry index. The index is used to
identify an entry in the list. The order of entries
is defined by the user without relying on key val ues.";
}
uses explicit-route-hop {
augnent "type" {
case srlg {
container srlg {
description
"SRLG cont ai ner.";
| eaf srlg {
type uint32;
description
"SRLG val ue. ";
}

}
description
"An SRLG val ue to be included or excluded.";

}

description
"Augnentation for a generic explicit route for SRLG

exclusion.";
}
}
}
}

groupi ng generic-path-netric-bounds {
description
"TE path netric bounds grouping.";
contai ner path-netric-bounds {
description
"TE path netric bounds container.";
list path-netric-bound {
key "metric-type";
description
"List of TE path netric bounds.";
| eaf metric-type {
type identityref {
base path-netric-type;
}
description
"Identifies an entry in the list of "netric-type’ itens
bound for the TE path.";
}
| eaf upper-bound {
type uint 64;
default "O0";
description
"Upper bound on the end-to-end TE path netric. A zero
i ndi cates an unbounded upper limt for the specific
"metric-type'.";
}
}
}
}

groupi ng generic-path-optimzation {
description
"TE generic path optim zation grouping.";
contai ner optim zations {
description
"The objective function container that includes
attributes to i mpose when computing a TE path."



choi ce al gorithm {
description
"Optimzations algorithm?";
case netric {
if-feature "path-optimzation-nmetric";
[* Optimze by metric */
list optimzation-netric {
key "metric-type";
description
"TE path netric type.";
uses optim zation-netric-entry;

[* Ti ebreakers */
container tiebreakers {
description
"Container for the list of tiebreakers.";
list tiebreaker {
key "tiebreaker-type";
description
"The list of tiebreaker criteria to apply on an
equal ly favored set of paths, in order to pick
t he best.";
| eaf tiebreaker-type {
type identityref {
base path-netric-type;
}
description
"Identifies an entry in the list of tiebreakers.";
}

}
}
}

case objective-function {
if-feature "path-optim zati on-objective-function”;
/[* Qbjective functions */
cont ai ner objective-function {
description
"The objective function container that includes
attributes to i npose when conputing a TE path.";
| eaf objective-function-type {
type identityref {
base objective-function-type;

default "te-types:of-mninze-cost-path”;
description
"(bj ective function entry.";

groupi ng generic-path-affinities {
description
"Path affinities grouping.";
contai ner path-affinities-values {
description
"Path affinities represented as values.";
list path-affinities-value {
key "usage";
description
"List of naned affinity constraints.";
| eaf usage {
type identityref {
base resource-affinities-type;



}

description
"Identifies an entry in the list of value affinity
constraints.";

| eaf val ue {
type adm n- groups;
default "";
description

"The affinity value. The default is enpty.";

}
}
}

contai ner path-affinity-nanmes {
description
"Path affinities represented as nanes.";
list path-affinity-name {
key "usage";
description
"List of naned affinity constraints.”;
| eaf usage {
type identityref {
base resource-affinities-type;
}
description
"lIdentifies an entry in the list of nanmed affinity
constraints.";
}
list affinity-name {
key "nane";
| eaf nane {
type string;
description
"Identifies a named affinity entry.";
}

description
"List of naned affinities.";
}

}
}
}

groupi ng generic-path-srlgs {
description
"Path SRLG grouping.";
contai ner path-srlgs-lists {
description
"Path SRLG properties container.";
list path-srlgs-list {
key "usage";
description
"List of SRLG values to be included or excluded.";
| eaf usage {
type identityref {
base route-usage-type;
}
description
"Identifies an entry in a list of SRLGs to either
i nclude or exclude.";
}
| eaf-1ist values {
type srlg;
description
"List of SRLG values.";



}

cont ai ner path-srl gs-names {
description
"Container for the list of named SRLGs.";
list path-srlgs-name {
key "usage";
description
"List of named SRLGs to be included or excluded.";
| eaf usage {
type identityref {
base route-usage-type;
}

description
"Identifies an entry in a list of named SRLGs to either
i nclude or exclude.";

| eaf-1ist nanes {
type string;
description
"List of named SRLGs.";
}

}
}
}

groupi ng generic-path-di sjoi ntness {
description
"Pat h di sj oi ntness grouping.";
| eaf disjointness {
type te-path-disjointness;
description
"The type of resource disjointness.
When configured for a primary path, the disjointness |eve
applies to all secondary LSPs. Wen configured for a
secondary path, the disjointness | evel overrides the |eve
configured for the primary path.";

}
}

groupi ng common- pat h-constraints-attributes {
description
"Comon path constraints configuration grouping."”;
uses common-constraints;
uses generic-path-netric-bounds;
uses generic-path-affinities;
uses generic-path-srlgs;

}

groupi ng generic-path-constraints {
description
"d obal naned path constraints configuration grouping.";
cont ai ner path-constraints {
description
"TE naned path constraints container.";
uses conmon- pat h-constraints-attri butes;
uses generi c-pat h-di sj oi nt ness;
}
}

groupi ng generi c-path-properties {
description
"TE generic path properties grouping."”;
cont ai ner path-properties {
config fal se;
description
"The TE path properties.”;



list path-nmetric {
key "metric-type";
description
"TE path netric type.";
| eaf metric-type {
type identityref {
base path-netric-type;
}
description
"TE path netric type.";
}

| eaf accumul ative-val ue {
type uint 64;
description
"TE path netric accumnul ative val ue.";
}
}

uses generic-path-affinities;
uses generic-path-srlgs;
cont ai ner path-route-objects {
description
"Container for the list of route objects either returned by
the computati on engine or actually used by an LSP.";
i st path-route-object {
key "index";
or der ed- by user;
description
"List of route objects either returned by the conputation
engi ne or actually used by an LSP.";
| eaf index {
type uint32;
description
"Route object entry index. The index is used to
identify an entry in the list. The order of entries
i s defined by the user wi thout relying on key

val ues.";
}
uses explicit-route-hop;
}
}
}
}
}
<CODE ENDS>

Packet TE Types YANG Modul e

The "ietf-te-packet-types" nodule inports fromthe "ietf-te-types"
nodul e defined in Section 4 of this document.

<CODE BEGA NS> file "ietf-te-packet-types@020-06-10.yang"
modul e ietf-te-packet-types {
yang-version 1.1;
nanespace "urn:ietf:parans: xn :ns:yang:ietf-te-packet-types";
prefix te-packet-types;

/* Inport TE generic types */

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

}

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



Wor ki ng G oup”;

cont act
"WG Web: <https://datatracker.ietf.org/wy/teas/>
WG List: <nmmilto:teas@etf.org>

Edi t or: Tar ek Saad
<mai | t 0: t saad@ uni per . net >

Edi t or: Rakesh Gandhi
<mai | t 0: rgandhi @i sco. con®

Edi t or: Vi shnu Pavan Beer am
<mai | t o: vbeer am@ uni per. net >

Edi t or: Xufeng Liu
<mailto:xufeng.liu.ietf@mail.comnm>

Edi t or: I gor Bryskin
<mai | to:i_bryski n@ahoo. com>";
description
"This YANG nodul e contains a collection of generally useful YANG
data type definitions specific to MPLS TE. The nodel fully
conforns to the Network Managenent Datastore Architecture
( NVDA) .

Copyright (c) 2020 | ETF Trust and the persons identified as
authors of the code. All rights reserved.

Redi stri bution and use in source and binary forms, with or

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

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

This version of this YANG nodule is part of RFC 8776; see the
RFC itself for full legal notices.";

revi si on 2020-06- 10 {
description
"Latest revision of TE MPLS types.";
ref erence
"RFC 8776: Common YANG Data Types for Traffic Engi neering”;

}
/**

* Typedefs
*/

typedef te-bandw dth-requested-type {
type enuneration {
enum speci fied {
description
"Bandwi dth is explicitly specified."”;

enum aut o {
description
"Bandwi dth is automatically conputed.”;
}
}

description
"Enunerated type for specifying whether bandwidth is
explicitly specified or automatically conputed.”;

}

typedef te-class-type {



type uint8;
description
"Diffserv-TE O ass-Type. Defines a set of Traffic Trunks
crossing a link that is governed by a specific set of
bandwi dt h constraints. Cass-Type is used for the purposes
of link bandwi dth allocation, constraint-based routing, and
adm ssion control . ";
ref erence
"RFC 4124: Protocol Extensions for Support of Diffserv-aware
MPLS Traffic Engineering";

}

typedef bc-type {
type uint8 {
range "0..7";
}
description
"Di ffserv-TE bandwi dth constraints as defined in RFC 4124.";
ref erence
"RFC 4124: Protocol Extensions for Support of Diffserv-aware
MPLS Traffic Engineering”;

}

typedef bandw dt h- kbps {
type uint 64;
units "Kbps";
description
"Bandwi dt h val ues, expressed in kilobits per second.";

}

typedef bandw dt h- nbps {
type ui nt 64;
units "Mops";
description
"Bandwi dt h val ues, expressed in negabits per second.";

}

typedef bandw dt h- gbps {
type uint 64;
units "Gops";
description
"Bandwi dt h val ues, expressed in gigabits per second.";

}

i dentity backup-protection-type {
description
"Base identity for the backup protection type.";

}

identity backup-protection-link {
base backup-protection-type;
description
"Backup provides link protection only.";

}

i dentity backup-protection-node-link {
base backup-protection-type;
description
"Backup offers node (preferred) or link protection.";

}

identity bc-nodel -type {
description
"Base identity for the Diffserv-TE Bandw dth Constraints
Model type.";
ref erence



"RFC 4124: Protocol Extensions for Support of Diffserv-aware
MPLS Traffic Engineering”;

}

identity bc-nodel -rdm {
base bc-nodel -type;
description
"Russi an Dol | s Bandwi dt h Constraints Mdel type.";
reference
"RFC 4127: Russian Dolls Bandw dth Constraints Mdel for
Diffserv-aware MPLS Traffic Engi neering”;

}

i dentity bc-nodel - mam {
base bc-nodel -type;
description
"Maxi mum Al | ocati on Bandwi dth Constraints Mdel type.";
reference
"RFC 4125: ©Maxi mum Al | ocati on Bandw dth Constraints Mdel for
D ffserv-aware MPLS Traffic Engi neering";

}

identity bc-nodel -mar {
base bc-nodel -type;
description
“Maxi mum Al | ocation with Reservation Bandw dth Constraints
Model type.";
ref erence
"RFC 4126: Max Allocation with Reservati on Bandw dth
Constraints Mbdel for Diffserv-aware MPLS Traffic Engi neering
& Performance Conparisons”;

}

groupi ng performance-netrics-attributes-packet {
description
"Contains PMattributes.";
uses te-types: performance-netrics-attributes {
augnment "performance-nmetrics-one-way" {
| eaf one-way-m n-del ay {
type uint32 {
range "0..16777215";
}
description
"One-way m ni mum delay or latency in mcroseconds.";
}
| eaf one-way-m n-delay-normality {
type te-types: performance-netrics-nornality;
default "nornmal";
description
"One-way m ni mum delay or latency normality.";
}
| eaf one-way-max-del ay {
type uint32 {
range "0..16777215",
}
description
"One-way naximum delay or latency in mcroseconds.";
}
| eaf one-way-max-delay-normality {
type te-types: performance-netrics-normality;
default "nornal";
description
"One-way nmaximum delay or latency normality.";
}
| eaf one-way-del ay-variation {
type uint32 {



range "0..16777215";
}
description
"One-way delay variation in mcroseconds.";
ref erence
"RFC 5481: Packet Delay Variation Applicability
Statenent, Section 4.2";
}
| eaf one-way-del ay-variation-nornmality {
type te-types: performance-netrics-nornality;
default "normal";
description
"One-way delay variation normality.";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric
Ext ensi ons
RFC 7823: Performance-Based Path Sel ection for
Explicitly Routed Label Switched Paths (LSPs) Using
TE Metric Extensions
RFC 8570: I1S-1S Traffic Engineering (TE) Metric
Ext ensi ons";
}
| eaf one-way- packet-|oss {
type deci mal 64 {
fraction-digits 6;
range "0..50.331642";
}
description
"One-way packet |oss as a percentage of the total traffic

sent over a configurable interval. The finest precision
i s 0.000003% where the maxi mumis 50.331642%";
ref erence

"RFC 8570: IS-1S Traffic Engineering (TE) Metric
Ext ensi ons, Section 4.4";
}
| eaf one-way-packet-loss-normality {
type te-types: performance-netrics-normality;
default "normal ";
description
"Packet loss normality.";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric
Ext ensi ons
RFC 7823: Perfornmance-Based Path Sel ection for
Explicitly Routed Label Switched Paths (LSPs) Using
TE Metric Extensions
RFC 8570: 1S-1S Traffic Engineering (TE) Metric
Ext ensi ons";
}
description
"PM one-way packet-specific augnentation for a generic PM

groupi ng. ";

augnment "performance-metrics-two-way" {
| eaf two-way-m n-delay {
type uint32 {
range "0..16777215";

}
default "0";
description
"Two-way m ni mum del ay or latency in mcroseconds.";

| eaf two-way-m n-delay-normality {
type te-types: performance-netrics-nornality;
default "normal";
description



"Two-way m ni mum del ay or latency normality.";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric
Ext ensi ons
RFC 7823: Perfornmance-Based Path Sel ection for
Explicitly Routed Label Switched Paths (LSPs) Using
TE Metric Extensions
RFC 8570: I1S-1S Traffic Engineering (TE) Metric
Ext ensi ons";
}
| eaf two-way-max-delay {
type uint32 {
range "0..16777215";
}
default "0";
description
"Two-way naxi mum del ay or latency in mcroseconds.";

| eaf two-way-max-delay-normality {
type te-types: performance-netrics-nornality;
default "normal";
description
"Two-way mexi mum delay or latency normality.";
reference
"RFC 7471: OSPF Traffic Engineering (TE) Metric
Ext ensi ons
RFC 7823: Performance-Based Path Sel ection for
Explicitly Routed Label Switched Paths (LSPs) Using
TE Metric Extensions
RFC 8570: IS-1S Traffic Engineering (TE) Metric
Ext ensi ons";
}
| eaf two-way-del ay-variation {
type uint32 {
range "0..16777215";

}
default "0";
description
"Two-way delay variation in mcroseconds.";
ref erence
"RFC 5481: Packet Delay Variation Applicability
St at enent, Section 4.2";

| eaf two-way-del ay-variation-nornmality {
type te-types: performance-netrics-nornality;
default "normal";
description
"Two-way delay variation normality.";
ref erence
"RFC 7471: OSPF Traffic Engineering (TE) Metric
Ext ensi ons
RFC 7823: Perfornmance-Based Path Sel ection for
Explicitly Routed Label Switched Paths (LSPs) Using
TE Metric Extensions
RFC 8570: I1S-1S Traffic Engineering (TE) Metric
Ext ensi ons";
}
| eaf two-way-packet-|oss {
type deci mal 64 {
fraction-digits 6;
range "0..50.331642";

}
default "0";
description
"Two-way packet |oss as a percentage of the total traffic
sent over a configurable interval. The finest precision



is 0.000003%";
}
| eaf two-way-packet-loss-nornality {
type te-types: performance-netrics-nornality;
default "normal";
description
"Two-way packet loss normality.";
}

description
"PM t wo-way packet-specific augnentation for a generic PM
groupi ng.";
reference
"RFC 7471: OSPF Traffic Engineering (TE) Metric Extensions
RFC 7823: Performance-Based Path Sel ection for
Explicitly Routed Label Switched Paths (LSPs) Using
TE Metric Extensions
RFC 8570: 1S-1S Traffic Engineering (TE) Metric
Ext ensi ons";
}
}
}

groupi ng one-way- performance-nmetri cs- packet {
description
"One-way packet PMthrottle grouping.”;
| eaf one-way-m n-del ay {
type uint32 {
range "0..16777215";

}
default "0";
description
"One-way m ni mum delay or latency in mcroseconds.";
}

| eaf one-way-max-del ay {
type uint32 {
range "0..16777215",

}
default "O0";
description
"One-way nmaxi mum del ay or latency in mcroseconds.";
}

| eaf one-way-del ay-variation {
type uint32 {
range "0..16777215";

}
default "0";
description
"One-way delay variation in mcroseconds.";
}

| eaf one-way-packet-|oss {
type deci mal 64 {
fraction-digits 6;
range "0..50.331642";

}

default "0";

description

"One-way packet |oss as a percentage of the total traffic
sent over a configurable interval. The finest precision is
0. 000003% ";
}
}

groupi ng two-way- performance-netrics-packet {
description
"Two-way packet PMthrottle grouping."”;
| eaf two-way-m n-delay {



type uint32 {
range "0..16777215";
}
default "0";
description
"Two-way m ni mum del ay or latency in mcroseconds.";

| eaf two-way-max-del ay {
type uint32 {
range "0..16777215";

}
default "0";
description
"Two-way nmaxi mum del ay or latency in mcroseconds.";

| eaf two-way-del ay-variation {
type uint32 {
range "0..16777215",

}
default "0";
description
"Two-way delay variation in mcroseconds.";

| eaf two-way-packet-|oss {
type deci mal 64 {
fraction-digits 6;
range "0..50.331642";
}
default "0";
description
"Two-way packet |oss as a percentage of the total traffic
sent over a configurable interval. The finest precisionis
0. 000003% ";
}
}

groupi ng performance-netrics-throttl e-contai ner-packet {
description
"Packet PMthreshold grouping.";
uses te-types: performance-netrics-throttle-container {
augrment "throttle/threshol d-out" {
uses one-way- performance-netrics-packet;
uses two-way-performance-netrics-packet;
description
"PM t hreshol d- out packet augnmentation for a
generic grouping.";
}
augrment "throttle/threshold-in" {
uses one-way- performance-netrics-packet;
uses two-way-performance-netrics-packet;
description
"PM threshol d-in packet augnentation for a
generic grouping.";
}
augnment "throttle/threshol d-accel erat ed-adverti sement” {
uses one-way- performance-netrics-packet;
uses two-way-performance-netrics-packet;
description
"PM accel erated advertisement packet augnentation for a
generic grouping.";

}
<CODE ENDS>
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8.

| ANA Consi der ations

Thi s docunent registers the following URIs in the
within the "I ETF XML Regi stry" [RFC3688].

ns" subregistry

URI: wurn:ietf:params:xm:ns:yang:ietf-te-types
Regi strant Contact: The |IESG
XM.: N A; the requested URI is an XM. nanespace

URI: wurn:ietf:paranms:xm:ns:yang:ietf-te-packet-types
Regi strant Contact: The |ESG
XM.: N A; the requested URI is an XM. nanespace

Thi s docunent registers two YANG nodul es in the "YANG Mddul e Nanes"
registry [ RFC6020].

Nane: ietf-te-types

Nanmespace: urn:ietf:paranms:xn:ns:yang:ietf-te-types
Prefix: te-types

Reference: RFC 8776

Nane: ietf-te-packet-types

Nanespace: urn:ietf:paranms: xnl:ns:yang:ietf-te-packet-types
Prefix: te-packet-types

Ref erence: RFC 8776

Security Considerations

The YANG nodul e specified in this docunent defines a schema for data
that is designed to be accessed via network managenent protocols such
as NETCONF [ RFC6241] or RESTCONF [ RFC8040]. The | owest NETCONF | ayer
is the secure transport |layer, and the mandatory-to-inplement secure
transport is Secure Shell (SSH) [ RFC6242]. The | owest RESTCONF | ayer
is HTTPS, and the mandatory-to-inpl enent secure transport is TLS

[ RFC8446] .

The Network Configuration Access Control Mdel (NACM [RFC8341]
provides the nmeans to restrict access for particular NETCONF or
RESTCONF users to a preconfigured subset of all avail abl e NETCONF or
RESTCONF protocol operations and content.

The YANG nodule in this document defines conmon TE type definitions
(e.g., typedef, identity, and grouping statenents) in YANG data
nodel i ng | anguage to be inported and used by other TE nbdules. Wen
i mported and used, the resultant schenma will have data nodes that can
be witable or readable. Access to such data nodes may be consi dered
sensitive or vulnerable in some network environnents. Wite
operations (e.g., edit-config) to these data nodes w t hout proper
protection can have a negative effect on network operations.

The security considerations spelled out in the YANG 1.1 specification
[ RFC7950] apply for this docunent as well.
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