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Abst ract

Thi s docunment defines a YANG data nodel for the configuration and
managenent of Traffic Engineering (TE) interfaces, tunnels and Labe
Swi tched Paths (LSPs). The nodel is divided into YANG nodul es that
classify data into generic, device-specific, technol ogy agnostic, and
technol ogy-specific elenments. The nodel al so includes nodul e(s) that
contain reusable TE data types and data groupi ngs.

This nodel covers data for configuration, operational state, renote
procedural calls, and event notifications.

Status of This Meno

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

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

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

This Internet-Draft will expire on January 2, 2019.
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1.

1.

1.

I nt roducti on

YANG [ RFC6020] is a data definition | anguage that was introduced to
define the contents of a conceptual data store that all ows networked
devices to be nmanaged usi ng NETCONF [ RFC6241]. YANG is proving

rel evant beyond its initial confines, as bindings to other interfaces
(e.g. RESTCONF [ RFC8040]) and encoding other than XM. (e.g. JSON)
are being defined. Furthernore, YANG data nodels can be used as the
basis of inplenmentation for other interfaces, such as CLI and
progranmati c APIs.

Thi s docunent describes the YANG data nodels for TE Tunnel s, Label
Switched Paths (LSPs) and TE interfaces that cover data applicable to
generic or device-independent, device-specific, Miltiprotocol Labe
Switching (MPLS) technol ogy specific, and Segnent Routing (SR) TE
technology. It also describes hel per nodul es that define TE

groupi ng(s) and data types that can be inported by other nodul es.

The docunment defines the high-level relationship between the nodul es
defined in this docunent, as well as other external protocol nodules.
It is expected other data plane technol ogy nodel (s) will augnent the
TE generic nodel. Also, the TE generic nodel does not include any
data specific to a signaling protocol. It is expected YANG nodel s
for TE signaling protocols, such as RSVP-TE ([ RFC3209], [RFC3473]),
or Segnent-Routing TE (SR-TE) will augnent the TE generic nodul e.

1. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119

[ RFC2119] .

2. Tree Diagram
A sinplified graphical representation of the data nodel is presented

in each section of the nodel. The follow ng notations are used for
the YANG nodel data tree representation
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<status> <fl ags> <nane> <opts> <type>

<status> i s one of:
+ for current
x for deprecated
o for obsolete

<flags> is one of:
rw for read-wite configuration data
ro for read-only non-configuration data
-x for execution rpcs
-n for notifications

<nane> is the name of the node

If the node is augnented into the tree from another nodule, its nanme
is printed as <prefix>: <nanme>

<opts> is one of:

? for an optional |eaf or node

I for a presence container

* for aleaf-list or |ist

Brackets [<keys>] for a list’'s keys

Curly braces {<condition>} for optional feature that make node
condi ti ona

Colon : for marking case nodes

Ellipses ("...") subtree contents not shown

Par ent heses encl ose choi ce and case nodes, and case nodes are al so
marked with a colon (":").

<type> is the name of the type for leafs and leaf-lists.
1.3. Prefixes in Data Node Nanes
In this docunent, nanmes 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.
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oo e oo +
| Prefix | YANG nodul e | Reference |
e e e o e m e e e e e e oo - e e e o +
| yang | ietf-yang-types | [ RFC6991] [
| inet | ietf-inet-types | [ RFC6991] |
| te | ietf-te | this docunent

| te-types | ietf-te-types | this document |
| te-npls-types | ietf-te-npls-types | this document |
| te-dev | ietf-te-device | this docunent

| te-npls | ietf-te-npls | this docunent

| te-sr-npls | ietf-te-sr-npls | this docunment |
oo e oo +

Tabl e 1: Prefixes and correspondi ng YANG nodul es
1.4. TE Technol ogy Mbdel s

Thi s docunent describes the generic TE YANG data nodel that is

i ndependent of any datapl ane technol ogy. One of the design
objectives is to allow specific data plane technol ogi es nodels to
reuse the generic TE data nodel and possibly augnent it with
technol ogy specific data nodel (s). There are nmultiple options being
considered to achieve this:

0 The generic TE nodel, including the Iists of TE tunnels, LSPs, and
interfaces can be defined and rooted at the top of the YANG tree.
Specific leaf(s) under the TE tunnel, LSP, or interface, in this
case, can identify the specific technology |ayer that it bel ongs
to. This approach inplies a single list for each of TE tunnel (s),
LSP(s), and interface(s) in the nodel carries elenents of
di fferent technol ogy |ayers.

0 An instance of the generic TE YANG nodel can be nounted in the
YANG tree once for each TE technol ogy layer(s). This approach
provi des separation of elenents belonging to different technol ogy
| ayers into separate lists per layer in the data nodel

o0 The generic TE data node(s) and TE list(s) for tunnels, LSPs, and
interfaces are defined as grouping(s) in a separate nodule. The
specific technol ogy | ayer inports the generic TE groupi ngs and
uses themtheir respective technol ogy specific nodul e.

This revision of the nodel |everages the LSP encoding type of a
tunnel (and interfaces) to identify the specific technol ogy
associated with the a TE interfaces, tunnel(s) and the LSP(s). For
exanple, for an MPLS TE LSP, the LSP encoding type is assuned to be
"| sp- encodi ng- packet ".
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Finally, the TE generic nodel does not include any signaling protoco
data. It is expected that TE signaling protocol nodule(s) will be
defined in other docunent(s) that will cover the RSVP-TE ([ RFC3209],

[ RFC3473]), and Segnent-Routing TE (SR-TE) nodel and that augnent the
TE generic nodel

1.5. State Data Organi zation

Pure state data (for exanple, epheneral or protocol derived state
obj ects) can be nodel ed using one of the options bel ow

0 Contained inside a read-wite container, in a "state" sub-
contai ner, as shown in Figure 3

0 Contained inside a separate read-only container, for example a
| sps-state container

The Networ k Managenment Datastore Architecture (NVDA) addresses the
"OpState" that was discussed in the | ETF. As per NVDA guidelines for
new nodel s and nodels that are not concerned with the operationa
state of configuration information, this revision of the draft adopts
the NVDA proposal for configuration and state data of this nodel

2. Model Overvi ew

The data nodel defined in this docunment covers the core TE features
that are conmonly supported across different vendor inplenentations.
The support of extended or vendor specific TE feature(s) are expected
to be in augnentations to the data nodels defined in this docunent.

2.1. Mdul e(s) Relationship

The TE generic nodel defined in "ietf-te.yang" covers the building
bl ocks that are device independent and agnostic of any specific
technol ogy or control plane instances. The TE devi ce nodel defined
in "ietf-te-device.yang" augnments the TE generic nodel and covers
data that is specific to a device - for exanple, attributes of TE
interfaces, or TE tiners that are local to a TE node

The TE data relevant to a specific instantiations of data pl ane
technol ogy exists in a separate YANG nodul e(s) that augnent the TE
generic nodel. For exanple, the MPLS-TE nodule "ietf-te-npls.yang"
is defined in Figure 10 and augnents the TE generic nodel as shown in
Figure 1. Sinmilarly, the nodule "ietf-te-sr-npls.yang" nodels the
Segment Routing (SR) TE specific data and augnents the TE generic and
MPLS- TE nodel (s).
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The TE data relevant to a TE specific signaling protoco
instantiation is outside the scope and is covered in other documents.
For exanple, the RSVP-TE [ RFC3209] YANG nodel augnentation of the TE
nodel is covered in [I-D.ietf-teas-yang-rsvp], and other signaling
protocol nodel (s) (e.g. for Segnent-Routing TE) are expected to al so
augnent the TE generic nodel

A oimport
TE generic e + 0: augnent
nodul e | ietf-te |O------------- +
Fomm - + \
| o \ \
[ [V \
[ | vV \
[ I e + \
[ | | ietf-te-device | TE device nodul e
| R e + \
| | 0 0 \
[ [ / \ \
% | / \% \%
S + e e e o +
RSVP- TE nodule | ietf-rsvp-te |0 . | ietf-te-npls
S S + \ . +
A \ 0
| \ R +
| \ | ietf-te-sr-npls
| \ e +
[ \
0 I +
R + | ietf-rsvp-otn-te
RSVP nodul e | ietf-rsvp | T +
e + RSVP- TE with OIN
ext ensi ons
(shown for illustration

not in this docunent)

Figure 1: Relationship of TE nodul e(s) with other signaling protoco
nodul es
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2. 2.

I +
| ietf-te | A oimport
Foeeem-- - + 0: augnent
i mport
I
I
I +
| ietf-te-types
e e e o +
0 0
| \
| \
T 4 Hemeemeeeeeecieeaaas +
| ietf-te-npls-types | | ietf-te-otn-types
B SN Sy +

(shown for illustration
not in this docunent)

Figure 2: Relationship between generic and technol ogy specific TE
types nodul es

Desi gn Consi der ati ons

The follow ng considerations with respect data organi zati on are taken
into account:

(0]

Saad,

reusabl e data el enments are grouped into separate TE types
nmodul e(s) that can be readily inported by other nodul es whenever
needed

reusable TE data types that are data pl ane i ndependent are grouped
in the TE generic types nodule "ietf-te-types.yang"

reusable TE data elenents that are data plane specific (e.qg.

packet MPLS or swi tching technol ogies as defined in [ RFC3473]) are
expected to be grouped in a technol ogy- specific types nodul e,

e.g. "ietf-te-npls-types.yang". It is expected that technol ogy
specific types will augment TE generic types as shown in Figure 2

The TE generic nodel contains device independent data and can be
used to nodel data off a device (e.g. on a controller). The TE
data that is device-specific are grouped in a separate nodul e as
shown in Figure 1.

In general, little information in the nodel is designated as

"mandatory", to allow freedomto vendors to adapt the data nodel
to their specific product inplenentation

et al. Expi res January 2, 2019 [ Page 8]
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2.3. Optional Features

Optional features that are beyond the base TE nodel are left to the
specific vendor to decide support using vendor nodel augnentation
and/ or using feature checks.

Thi s nmodel declares a nunber of TE functions as features (such as
P2MP- TE, soft-preenption etc.).

2.4. Configuration Inheritance

The defined data nodel supports configuration inheritance for
tunnel s, paths, and interfaces. Data elenments defined in the main
contai ner (e.g. that enconpasses the list of tunnels, interfaces, or
pat hs) are assuned to apply equally to all elenents of the list,

unl ess overridden explicitly for a certain elenent of alist (e.g. a
tunnel, interface or path).

3. TE Generic Mdel Oganization
The TE generic nodel covers configuration, state, RPCs, and
notifications data pertaining to TE gl obal paraneters, interfaces,
tunnel s and LSPs paraneters that are devi ce i ndependent.
The container "te" is the top level container in this data nodel.
The presence of this container is expected to enable TE function
system wi de.

The nodel follows the guidelines in for nodeling the intended,
appl i ed and derived state.
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nodul e: ietf-te

+--rw tel!
+--rw gl obal s

+--rw tunnel s

+-- |sps-state

rpcs:

+---x gl obal s-rpc
+---X tunnel s-rpc

notifications:

3. 1.

+---n gl obal s-notif
+---n tunnel s-notif

Figure 3: TE generic highlevel nodel view

A obal Configuration and State Data

This branch of the data nodel covers configurations that control TE
features behavior systemw de, and its respective state. Exanples of
such configuration data are

(0]

(0]

Saad,

Tabl e of naned SRLG nappi ngs

Tabl e of nanmed (extended) administrative groups nappi ngs
Tabl e of naned explicit paths to be referenced by TE tunnels
Tabl e of naned path-constraints sets

Aut o- bandwi dt h gl obal paraneters

TE diff-serve TE-cl ass maps

Systemwi de capabilities for LSP reoptimnzation (included in the
TE devi ce nodel)

* Reoptimzation timers (periodic interval, LSP installation and
cl eanup)

Systemwi de capabilities for TE state flooding (included in the TE
devi ce nodel)

et al. Expi res January 2, 2019 [ Page 10]
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* Periodic flooding interva

0 dobal capabilities that affect the originating, traversing and
term nating LSPs. For exanple:

* Path selection paraneters (e.g. netric to optinize, etc.)
* Path or segnent protection paraneters

The gl obal state data is represented under the global "state" sub-
contai ner as shown in Figure 3.

Exanpl es of such states are:
0 dobal statistics (signaling, adm ssion, preenption, flooding)
0 dobal counters (nunber of tunnels/LSPs/interfaces)

3.2. Interfaces Configuration and State Data
This branch of the nodel covers configuration and state data itens
corresponding to TE interfaces that are present on a specific device.
A new nodul e is introduced that holds the TE device specific
properties.
Exanpl es of TE interface properties are:
o0 Maxi mum reservabl e bandw dth, bandw dth constraints (BC)
o Flooding paraneters

* Flooding intervals and threshold val ues

o Fast reroute backup tunnel properties (such as static, auto-
tunnel)

0 interface attributes
* (Extended) adm nistrative groups
*  SRLG val ues
* TE metric val ue
The state corresponding to the TE interfaces applied configuration,

protocol derived state, and stats and counters all fall under the
interface "state" sub-container as shown in Figure 4 bel ow
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nodul e: ietf-te
+--rwtel
+--rw interfaces

+-- rwte-attributes
<<i nt ended confi gurati on>>

+-- ro state
<<derived state associated with the TE i nterface>>

Figure 4: TE interface state
This covers state data for TE interfaces such as:

0 Bandwi dth information: nmaxi nrum bandw dt h, avail abl e bandw dth at
different priorities and for each class-type (CT)

o List of admtted LSPs
* Name, bandwi dth value and pool, tine, priority

0 Statistics: state counters, flooding counters, adnission counters
(accepted/rejected), preenption counters

0 Adjacency information

*  Nei ghbor address

*  Metric val ue

3.3. Tunnels Configuration and State Data

This branch of the nodel covers intended, and correspondi ng applied
configuration for tunnels. As well, it holds possible derived state
pertaining to TE tunnels.
nodul e: ietf-te

+--rw tel!

+--rw tunnel s

<<i ntended confi gurati on>>

+-- ro state
<<derived state associated with the tunnel >>

Figure 5 TE interface state tree

Exanpl es of tunnel configuration date for TE tunnels:
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o Nanme and type (e.g. P2P, P2MP) of the TE tunne
0 Admin-state
0 Set of primary and correspondi ng secondary paths
0 Routing usage (auto-route announce, forwardi ng adjacency)
o Policy based routing (PBR) paraneters
3.3.1. Tunnel Conpute-Only Mode

By default, a configured TE tunnel is provisioned so it can carry
traffic as soon as a valid path is conputed and an LSP instantiated

in the network. In other cases, a TE tunnel may be provisioned for
conmput ed path reporting purposes w thout the need to instantiate an
LSP or commit resources in the network. |In such a case, a tunne

configuration in "conpute-only" node to distinguish it fromdefault
tunnel behavi or.

A "conpute-only" TE tunnel is configured as a usual TE tunnel wth
associ ated path constraint(s) and properties on a device or
controller. The device or controller is expected to conmpute the
feasi bl e path(s) subject to configured constraints for of "conpute-
only" tunnel and reflect the computed path(s) in the LSP(s) Record-
Route hject (RRO list. A client may query "on-demand" the
"conmpute-only" TE tunnel conputed path(s) properties by querying the
state of the tunnel. Alternatively, the client can subscribe on the
"conmpute-only" TE tunnel to be notified of conputed path(s) and
whenever it changes.

3.3.2. Tunnel Hierarchical Link Endpoint

TE LSPs can be set up in MPLS or Generalized MPLS (GWLS) networks to
be used to formlinks to carry traffic in in other (client) networks
[ RFC6107]. In this case, the nodel introduces the TE tunne

hi erarchi cal 1ink endpoint paraneters to identify the specific link
inthe client layer that the TE tunnel is associated wth.

3.4. TE LSPs State Data

TE LSPs are derived state data that is usually instantiated via
signaling protocols. TE LSPs exists on routers as ingress (starting
point of LSP), transit (mid-point of LSP ), or egress (termnation
point of the LSP). TE LSPs are distinguished by the 5 tuple, and LSP
type (P2P or P2MP). In the nodel, the nodes hol ding LSPs data exi st
in the read-only |sps-state list as showin Figure 6
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3.5. dobal RPC Data
This branch of the nodel covers systemw de RPC execution data to
trigger actions and optionally expect responses. Exanples of such TE
commands are to:
0 Cear global TE statistics of various features

3. 6. Interface RPC Data

This collection of data in the nodel defines TE interface RPC
execution conmands. Exanples of these are to:

0 Cear TE statistics for all or for individual TE interfaces
o Trigger imedi ate flooding for one or all TE interfaces

3.7. Tunnel RPC Data
This branch of the nodel covers TE tunnel RPC execution data to
trigger actions and optionally expect responses. Exanples of such TE
commands are:
0 Clear statistics for all or for individual tunnels
o Trigger the tear and setup of existing tunnels or LSPs.

3.8. dobal Notifications Data
This branch of the nbdel covers systemwi de notifications data. The
node notifies the registered events to the server using the defined
notification nmessages.

3.9. Interfaces Notifications Data
This branch of the nodel covers TE interfaces related notifications
data. The TE interface configuration is used for specific events
registration. Notifications are sent for registered events to the
server. Exanple events for TE interfaces are:
o Interface creation and del etion
0 Interface state transitions

0 (Soft) preenption triggers

o Fast reroute activation
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3.10. Tunnel Notification Data

This branch of the nodel covers TE tunnels related notifications
data. The TE tunnels configuration is used for specific events
registration. Notifications are sent for registered events to the
server. Exanple events for TE tunnels are:

0 Tunnel creation and del etion events
0 Tunnel state up/down changes
0 Tunnel state reoptim zation changes

Figure Figure 6 bel ow shows the tree di agram of the YANG nodel
defined in nodules: ietf-te.yang, ietf-te-device.yang, ietf-te-
nmpl s. yang, and ietf-te-sr.yang.

nodul e: ietf-te
+-rwte!

+--rw gl obal s
| +--rw nanmed- adm n- groups
| | +--rw naned-adm n-group* [ nane]
{te-types: ext ended- adm n- groups, t e-types:
naned- ext ended- adm n- gr oups} ?

[ +--rw name string

| +--rw bit-position? ui nt 32

+--rw naned-srl gs

| +--rw naned-srlg* [nane] {te-types:naned-srlg-groups}?

| +--rw hane string
| +--rw group? te-types:srlg
| +--rw cost? ui nt 32

+--rw naned- pat h-constraints
| +--rw nanmed- pat h-constraint* [name]
t e-types: naned- pat h-constrai nt s} ?

| +--rw hane string
+--rw te-bandw dth
| +--rw (technol ogy)?
| +--:(generic)
| +--rw generic? t e- bandw dt h

+--rw setup-priority? uint8
+--rw hold-priority? uint8

+--rw pat h-netric- bounds

| +--rw path-metric-bound* [netric-type]
| +-rw netric-type i dentityref

[ +--rw upper - bound? ui nt 64

+--rw path-affinities

| +--rw constraints* [usage]

I
I
|
I
I
I
I
I
|
{
I
I
I
I
|
I
I
I
I
I
|
I
I
I

I
I
I
|
|
| +--rw signaling-type? i dentityref
I
I
|
I
I
I
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| +--rw usage i dentityref

| +-rw (style)?

| +--:(val ue)

[ | +--rw val ue? t e-types: adni n- gr oups
| +--: (naned)

| +--rw affinity-nanes* [nane]

| +--rw name string

--rw pat h-srlgs
+--rw (style)?
+--:(val ues)
| +--rw usage? i dentityref
| +--rw val ues* te-types:srlg

+--rw constraints
+--rw constraint* [usage]
+--rw usage i dentityref
+--rw constraint
+--rw srl g-nanes* [nane]
+--rw name string
+--rw explicit-route-objects
+--rw rout e-obj ect - excl ude- al ways* [i ndex]
| +--rwindex ui nt 32
+-rw (type)?
+- - (num unnum hop)
+--rw num unnum hop

+
I
I
I
I
| +--: (naned)
I
I
I
I
I
I

+--rw node-id? te-types:te-node-id
+--rw link-tp-id? te-types:te-tp-id
+--rw hop-type? t e- hop-type

+--rw direction? te-link-direction

--:(as-nunber)
+--rw as- nunmber - hop
+--rw as- nunber ? bi nary
+--rw hop-type? t e- hop-type
--:(l abel)
+--rw | abel - hop
+--rw te-| abel
+--rw (technol ogy) ?
| +--:(generic)
+--rw generic?

+— +—————

t-types: generalized-1 abel
| +--rw direction?
e-| abel -direction
+--rw rout e-obj ect-include-excl ude* [index]
+--rw i ndex ui nt 32

+--rw (type)?
+--: (num unnum hop)
| +--rw num unnum hop

_—t— e ——

d
I
| +--rw explicit-route-usage? i dentityref
|
I
I
I
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+--rw node-id? te-types:te-node-id
+--rw link-tp-id? te-types:te-tp-id
+--rw hop-type? t e- hop-type

+--rw direction? te-link-direction

--:(as-nunber)
+--rw as- nunber - hop
+--rw as- nunber ? bi nary
+--rw hop-type? t e- hop-type
--:(l abel)
+--rw | abel - hop
+--rw te-1|abel
+--rw (technol ogy) ?
| +--:(generic)
| +--rw generic?

—_—_

| +--rw range- bi t map? bi nary
| +--rwreverse

| +--rw | abel -restrictions

| +--rw | abel -restriction* [index]

|

|

|

||

||

|

|

|

|

||

||

|

|

(.

rt-types: generalized-| abel

| [ +--rw direction?
te-label -direction

| I +--:(srlg)

| | | +-rwsrlg

| | +--rw srlg? ui nt 32
| +--rw shared-resources-tunnel s

| | +--rwlsp-shared-resources-tunnel * te:tunnel -ref
| +--rw pat h-i n-segnent!

[ ] | +--rw forward

| | | | +--rwlabel-restrictions

| | +--rw | abel -restriction* [index]
| | +--rwrestriction? enumner ati on
| | +--rw i ndex ui nt 32
| | +--rw | abel -start

[ ] [ ] | +--rwte-1|abel

[ [ [ +--rw (technol ogy) ?
| | I | +--:(generic)
| | | +--rw generic?
rt-types: generalized-| abel

| | | +--rw direction?
te-1abel -direction

| | | | +--rw | abel - end

| | | +--rwte-1|abel

| | | +--rw (technol ogy) ?
|| || I | +--:(generic)
| | | | +--rw generic?
rt-types: generalized-| abel

| ] | ] | +--rw direction?
te-label -direction

|

||

||

(.
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+--rwrestriction? enuner ati on
+--rw i ndex ui nt 32
+--rw | abel -start

| +--rwte-|abel

| +--rw (technol ogy) ?

| | +--:(generic)

| | | +--rw generic?

ypes: gener al i zed- | abel

| +--rw direction?

abel -direction

| +--rw | abel - end

| |  +--rwte-1|abel

| | +--rw (technol ogy) ?
| | | +--:(generic)

| | | +--rw generic?

ypes: gener al i zed- | abel

| +--rw direction?

abel -direction

[ +--rw range-bitmp? bi nary
+--rw pat h- out - segnent !

| +--rw forward

| +--rwlabel-restrictions

| +--rw | abel -restriction* [index]
| +--rwrestriction? enuner ati on
| +--rw i ndex ui nt 32
| +--rw | abel -start

| | +--rwte-1|abel

[ [ +--rw (technol ogy) ?

| | | +--:(generic)

[ [ [ +--rw generic?

ypes: gener al i zed- | abel

| | +--rw direction?

abel -di rection

| +--rw | abel - end

| |  +--rw te-1|abel

| [ +--rw (technol ogy)?
| I | +--:(generic)
| | | +--rw generic?

ypes: gener al i zed- | abel

| [ +--rw direction?

abel -direction

| | +--rw range-bitmap? bi nary

| +--rwreverse

| +--rw | abel -restrictions

| +--rw | abel -restriction* [index]

[ +--rw restriction? enuneration
| +--rw i ndex ui nt 32

| +--rw | abel -start

Expi res January 2, 2019
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| | |  +--rwte-1abel

| | | +--rw (technol ogy) ?
| | | | +--:(generic)

[ [ [ [ +--rw generic?
t
I
I

I

I

|

I

rt-types: generalized-| abel

| | | +--rw direction?

te-1abel -direction

| | +--rw | abel - end

| | | +--rwte-1|abel

| [ [ +--rw (technol ogy)?

|| I I | +--:(generic)

| [ [ [ +--rw generic?

rt-types: generalized-| abel

| | +--rw direction?

te-label -direction

| [ +--rw range- bi t map? bi nary

| +--ro state

| | +--ro bandwi dt h-generic_state? te-types:te-bandw dth
| | +--ro disjointness_state?

te-types:te-path-di sjointness

| +--rw te-npl s: bandw dt h

| | +--rwte-npls:specification-type?

te-npl s-types:te-bandw dt h-type

| | |  +--rw te-npls:set-bandw dth?

t e- npl s-types: bandwi dt h- kbps

| | +--rwte-npls:class-type?

te-types:te-ds-class

| | +--ro te-npls:state

| | +--ro te-npls:signal ed- bandwi dt h?

t e- npl s-types: bandwi dt h- kbps

| | +--rw te-sr-npls:sid-sel ection-node?

te-si d-sel ecti on-node

| +--rw te-sr-npls:sid-protection? i dentityref
| +--rwte-dev:lsp-install-interval? ui nt 32

| +--rwte-dev:|sp-cleanup-interval ? ui nt 32

| +--rwte-dev:Ilsp-invalidation-interval? ui nt 32

+--rw tunnel s

| +--rw tunnel* [nane]

| | +--rw name string

| | +--rwidentifier? ui nt 16

| | +--rwdescription? string

| | +--rw encoding? i dentityref
| | +--rw switching-type? i dentityref
| | +--rw provisioning-state? i dentityref
| | +--rw preference? uint8

| | +--rwreoptimnmze-timer? ui nt 16

| | +--rw source? i net:ip-address
| | +--rwdestination? i net:ip-address
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| +--rwsrc-tp-id?

| +--rwdst-tp-id?

| +--rw bidirectional?

| +--rw association-objects

| | +--rw association-object*
| | +--rwtype

| | +--rwlID

| | +--rw source

| | +--rw gl obal -source

I

i dentityref
uint16

+--rw (technol ogy) ?
+--:(generic)
+--rw generic?
+--rw setup-priority?
+--rw hold-priority?
+--rw signaling-type?
+--rw dependency-tunnel s
| +--rw dependency-tunnel * [ nane]

t e- bandwi dt h

July 2018

bi nary
bi nary
bool ean

[type I D source gl obal -source]

i net:ip-address
i net:ip-address
+--rw associ ati on-obj ect - ext ended* [type |ID source

uint8
uint8
i dentityref

I
I
I
I
I
gl obal - sour ce extended-1 D]
| | | +--rw type i dentityref
| 1 | +-rwiID ui nt 16
|1 +--rw source i net:ip-address
I +--rw gl obal - source i net:ip-address
|| | +--rw ext ended-1D bi nary
| | +--rw protection
| | | +--rwenable? bool ean
| | | +--rwprotection-type? i dentityref
| | | +--rwprotection-reversion-disable? bool ean
| | | +--rwhold-off-tine? ui nt 32
| | | +--rwwait-to-revert? ui nt 16
| | | +--rwaps-signal-id? uint8
| | +--rwrestoration
| | | +--rwenable? bool ean
| | | +--rwrestoration-type? i dentityref
| | | +--rwrestoration-schene? i dentityref
| | | +--rwrestoration-reversion-disable? bool ean
| | | +--rwhold-off-tine? ui nt 32
| | | +--rwwait-to-restore? uintl16
| | | +--rwwait-to-revert? ui nt 16
| | +--rwte-topology-identifier
| | | +--rwprovider-id? te-types:te-global-id
| | | +--rwclient-id? te-types:te-global-id
| | | +--rwtopol ogy-id? te-types:te-topol ogy-id
| | +--rwte-bandw dth
[ .
[ .
[
||
||
|
|
|
(.

| +--rw nane ->
[..1..1../../tunnel s/tunnel/name
| +--rw encodi ng? i dentityref
| | +--rw swi tching-type? i dentityref
et al. Expi res January 2, 2019
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hi erarchical -1i nk

+--rw provider-id?

+--rw client-id?

+--rw topol ogy-i d?

+--rw | ocal -te-node-i d?
+--rw local-te-link-tp-id?
+--rw renot e-te-node-id?

te-types:te-node-id
te-types:te-tp-id
te-types:te-node-id

te-types:te-global-id

te-types:te-global-id

I
I
| +--rwte-topology-identifier
I
I
I

te-types:te-topol ogy-id

I
I
|
I
I
I
I
I
| +--ro state
| | +--ro operational-state? identityref
| | +--ro te-dev:lsp-install-interval? ui nt 32
| | +--ro te-dev:lsp-cleanup-interval? ui nt 32
| | +--ro te-dev:lsp-invalidation-interval? ui nt 32
| +--rw p2p-primary-paths
| | +--rw p2p-primary-path* [nane]
| +--rw name string
| +--rw pat h- set up- pr ot ocol ? i dentityref
| ] +--rw pat h- conput at i on- met hod? i dentityref
| +--rw pat h- conput ati on-server? i net:ip-address
| +--rw conput e-onl y? enpty
| +--rw use- pat h- conput ati on? bool ean
| +--rw | ockdown? enpty
| +--rw pat h- scope? i dentityref
| | +--rw optinzations
| ] | +--rw (algorithm?
| | +--:(metric) {path-optim zation-nmetric}?
| | | +--rwoptimzation-metric* [netric-type]
| [ | | +--rwnetric-type
dentityref
| ] | | | +--rwweight?
int8
| | | | +--rwexplicit-route-exclude-objects
| | | | | +--rwroute-object-exclude-object*
i ndex]
| | I +--rw i ndex ui nt 32
| I [ . +--rw (type)?
[ [ I +- - (num unnum hop)
| | |1 | +--rw num unnum hop
| | I | +--rw node-id?
e-types:te-node-id
|| | || | +--rw link-tp-id?
e-types:te-tp-id
I I [ I +--rw hop-type?
e- hop-type
| | I | +--rw direction?
e-link-direction
|| I [ . +--: (as- nunber)
[ ] | [ 1 | | +--rw as-nunber-hop
et al Expi res January 2, 2019 [ Page 21]
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|
[
t e- hop-type
[ I
[ I
[ I
[ I
[ I
[ I
rt-types: generaliz
[ I
te-1abel -direction
[ I
[ I
[ I
[ I
[ I
[ 1 ndex]
[ I
[ I
[ I
[ I
[ I
te-types:te-node-i
[ I
te-types:te-tp-id
[ I
t e- hop-type
[
te-link-direction
[ I
[ I
[ I
[ I
t e- hop-type
[ I
[ I
[ I
[ I
[ I
[ I
rt-types: generaliz
[ I
te-1abel -direction
[ I
[ I
[ I
[ I

Saad, et al.

Rl i —t———

d
I

Rl Tt ————

|
I
I
+- -

d

d
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I
I
|
+

abel

+- -
I
I
I
I
|

+- -

+--rw as- nunber ?
+--rw hop-type?

bi nary

: (1 abel)
+--rw | abel - hop
+--rw te-| abel
+--rw (technol ogy) ?
| +--:(generic)
| +--rw generic?

+--rw direction?

t(srlg)
+-rwsrlg

+--rw srlg? ui nt 32

--rw explicit-route-include-objects

+--rw rout e-obj ect-include-object*

+--rwW
+--TW
+- -

+- -
I
|
I

+- -

i ndex ui nt 32

(type)?

> (num unnum hop)

+--rw num unnum hop
+--rw node-i d?

+--rw link-tp-id?
+--rw hop-type?
+--rw direction?
: (as- nunber)
+--rw as- nunber - hop

+--rw as- nunber ?
+--rw hop-type?

bi nary

(1 abel)
+--rw | abel - hop
+--rw te-I abel
+--rw (technol ogy) ?
| +--:(generic)
| +--rw generic?

+--rw direction?

+--rw tiebreakers

+--rw tiebreaker* [tiebreaker-type]

+--rw tiebreaker-type
: (obj ective-function)

i dentityref

July 2018
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{pat h-optim zation-objective-function}?

|1 | +--rw objective-function

I | +--rw objective-function-type?
i dentityref

I +--rw preference? uint8
I . +- -rw naned- pat h-constraint? ->
Ao oo .. gl obal s/ named- pat h- constrai nts/

naned- pat h- constr ai nt/ name

{te-types: named- pat h- constrai nt s} ?

| +--rw te-bandw dth

| +--rw (technol ogy)?

[ +--:(generic)

| +--rw generic? t e- bandwi dt h

+--rw setup-priority? uint8
+--rw hold-priority? uint8
+--rw signaling-type? i dentityref

+--rw path-nmetric-bounds
| +--rw path-netric-bound* [netric-type]
| +--rw netric-type i dentityref
| +--rw upper - bound? ui nt 64
+--rw path-affinities
| +--rw constraints* [usage]
+--rw usage i dentityref
+--rw (style)?
+--:(val ue)
| +--rw val ue?

+--rw rout e-obj ect - excl ude- al ways* [i ndex]
| +--rwindex ui nt 32

| +--rw (type)?

| +--: (num unnum hop)

| | +--rw num unnum hop

||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
|
te-t
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||

I
I
I
I
e-types: adm n- groups
[ [ +--: (named)
| | +--rw affinity-names* [nane]
| | +--rw name string
[ +--rw pat h-srlgs
| | +--rw (style)?
| | +--:(val ues)
[ [ | +--rw usage? identityref
| | | +--rw val ues* te-types:srlg
| | +- - (naned)
| | +--rw constraints
| | +--rw constraint* [usage]
| | +--rw usage i dentityref
[ [ +--rw constraint
| | +--rw srl g-nanes* [ nane]
| | +--rw name string
| +--rw explicit-route-objects
I I
| |
I I
I I
I I
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+--rw node-id? te-types:te-node-id
+--rw link-tp-id? te-types:te-tp-id
+--rw hop-type? t e- hop-type

+--rw direction? te-link-direction

+--rw as- nunber - hop
+--rw as- nunber ? bi nary
+--rw hop-type? t e- hop-type
: (1 abel)
+--rw | abel - hop
+--rw te-1|abel
+--rw (technol ogy) ?
| +--:(generic)
| +--rw generic?

I

I

|

+--: (as-nunber)
I

I

I

+- -

t-types: generalized-1 abel
| +--rw direction?
e-|l abel -direction
| +--rw route-object-include-exclude* [index]
| +--rw explicit-route-usage? i dentityref
| +--rw i ndex ui nt 32
| +--rw (type)?
[ +--: (num unnum hop)
| |  +--rw num unnum hop
| | +--rw node-i d? te-types:te-node-id
| | +--rw link-tp-id? te-types:te-tp-id
| | +--rw hop-type? t e- hop-type
[ [ +--rw direction? te-link-direction
[ +--: (as-nunber)
| | +--rw as-nunber-hop
| | +--rw as- nunber ? bi nary
| | +--rw hop-type? t e- hop-type
| +--: (1 abel)
| | +--rw | abel-hop
[ [ +--rw te-1|abel
| | +--rw (technol ogy) ?
| | | +--:(generic)
| | | +--rw generic?
t-types: generalized-1 abel
[ [ +--rw direction?
e-|l abel -direction

I +--1(srlg)

| +-rwsrlg

| +--rw srlg? ui nt 32

+--rw shared-resources-tunnel s

| +--rw | sp-shared-resources-tunnel * te: tunnel -ref
+--rw pat h-i n-segnent!

| +--rw forward

| | +--rwlabel-restrictions

_—_— - tt—_,—_—_—_— - t—_ . —_——— - —
—_—_—— e e e ——_——————————————————————— e —————————— e
- - - '’’’V - """+ —" 0"
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+--rwrestriction?
+--rw i ndex

+--rw | abel -start

| +--rwte-Iabel

July 2018

+--rw |l abel -restriction* [index]

enuner ati on
ui nt 32

| +--rw (technol ogy) ?
+--:(generic)
+--rw generic?

bi nary

enuner ati on
ui nt 32

bi nary

enuner ati on
ui nt 32

||
||
[
|
||
||
||
[
rt-types: generalized-| abel
(. I | +-rw direction?
te-1abel -direction
[ | | [ +--rw | abel -end
[ | | |  +--rw te-1abel
I I | +--rw (technol ogy) ?
[ | | | +--:(generic)
[ (. I | +--rw generic?
rt-types: generalized-| abel
[ [ [ +--rw direction?
te-label -direction
[ | +--rw range- bi t map?
I | +--rwreverse
[ | | | +--rw label -restrictions
[ | +--rw | abel -restriction* [index]
[ | | [ +--rwrestriction?
[ | | +--rw i ndex
I | +--rw | abel -start
[ | | | |  +--rw te-1label
[ I | +--rw (technol ogy) ?
[ | I | +--:(generic)
[ | | | +--rw generic?
rt-types: generalized-| abel
[ | | +--rw direction?
te-1abel -direction
[ 1 | | +--rw | abel - end
[ I |  +--rw te-1abel
[ | | +--rw (technol ogy) ?
[ | | | +--:(generic)
[ | I | +--rw generic?
rt-types: generalized-| abel
(. I | +-rw direction?
te-1abel -direction
I | +--rw range- bi t map?
I +--rw pat h- out - segnent !
|1 | +--rw forward
[ | | +--rwlabel-restrictions
[ | +--rw | abel -restriction* [index]
[ 1 | | | +--rw restriction?
[ [ +--rw i ndex
et al. Expi res January 2, 2019
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[ [ +--rw | abel -start

[ || |  +--rw te-Iabel

[ [ | +--rw (technol ogy) ?

[ | ] | | +--:(generic)

[ (. I | +--rw generic?
rt-types: generalized-| abel

[ [ | +--rw direction?
te-label -direction

[ | | [ ] +--rw | abel - end

[ | |  +--rw te-1abel

|| | || | +--rw (technol ogy) ?

[ || I | +--:(generic)

[ (. | | +--rw generic?
rt-types: generalized-| abel

I [ | +--rw direction?
te-label -direction

|| | [ +--rw range-bi tmap?  binary

[ | | | +--rwreverse

[ | +--rw | abel -restrictions

[ | +--rw | abel -restriction* [index]

[ | | | +--rwrestriction? enuner ation
[ | +--rw i ndex ui nt 32

[ | +--rw | abel -start

[ | |  +--rw te-Iabel

[ | | +--rw (technol ogy) ?

[ 1 | | | +--:(generic)

[ | +--rw generic?
rt-types: generalized-| abel

[ | I | +--rw di rection?
te-label -direction

[ | +--rw | abel - end

[ | | | +--rwte-Iabel

[ | | +--rw (technol ogy) ?

[ I | | +--:(generic)

[ | | +--rw generic?
rt-types: generalized-| abel

[ I | +--rw direction?
te-label -direction

[ | +--rw range-bi tmap?  binary

[ | | +--ro0 state

[ 1 | | +--ro path-properties

[ | | | +--ro path-metric* [netric-type]

[ | | | | +--ro netric-type -> . ./state/netric-type
[ | | | +--ro state

I | 1 | +--10 metric-type? i dentityref
[ 1 +--ro accumnul ative-value? uint64
[ | | | | +--ro path-affinities

[ | | | +--ro constraints* [usage]
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+--ro0 usage i dentityref
+--ro (style)?

+--:(val ue)

| +--ro value?

|| [

|| [

|| [

| [

te-types: adni n- gr oups

[ [ +--: (naned)

[ [ +--ro affinity-names* [namg]

[ [ | +--r0 name string

[ . | | +--ro path-srlgs

I | | | +--ro (style)?

I [ +--: (val ues)

[ | [ | +--ro usage? i dentityref

[ [ 1 | | +--ro val ues* te-types:srig
[ [ +--1(naned)

[ [ | +--ro0 constraints

[ [ +--ro0 constraint* [usage]

[ . [ . +--ro0 usage i dentityref
[ [ +--ro constraint

[ [ . +--r0 srlg-names* [nane]

[ [ +--r0 nanme string
|1 | | | +--ro path-route-objects

[ | | | +--ro path-conputed-route-object* [index]
[ [ +--ro0 index -> . ./state/index

[ | [ ] +--ro state

[ [ | +--r0 index? ui nt 32
[ 1 [ 1 +--1r0 (type)?

[ [ +- -2 (num unnum hop)

|| | [ | +--ro num unnum hop

[ [ | +--r0 node-id?
te-types:te-node-id

[ I | +--ro link-tp-id?
te-types:te-tp-id

[ [ | +--ro hop-type? t e- hop-type
(I I | +--ro direction?
te-link-direction

I I +--: (as-numnber)

[ I | +--ro as-nunber-hop

[ [ | +--r0 as-nunber?  binary
[ . [ . | +--r0 hop-type? t e- hop-type
[ I +--: (I abel)

I I +--ro | abel -hop

[ [ +-ro te-1abe

[ I +--ro (technol ogy)?

[ 1 [ 1 | +--:(generic)

[ [ | +--1r0 generic?
rt-types: generalized-| abel

|| | | +--ro direction?
te-1abel -direction
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[ | | +--ro shared-resources-tunnels
| | | +--ro | sp-shared-resources-tunnel *

||

|

te: tunnel -ref

[ | | +--ro Isps

[ | | +--ro Isp* [source destination tunnel-id Isp-id
ext ended- t unnel -i d]

[ | [ +--ro source

i net:ip-address

[ 1 | [ +--ro destination

i net:ip-address

[ | +--ro tunnel-id

uintl6

[ | +--ro Isp-id

uint 16

[ | +--ro extended-tunnel -id
i net:ip-address

[ | | +--ro operational -state?
i dentityref

[ [ +--ro path-set up-protocol ?
i dentityref

I | +--ro origin-type?
enuneration

[ | +--ro | sp-resource-status?

enuner ati on

[ 1 | | ] +--ro | ockout - of - nor mal ?

bool ean

[ 1 | [ ] +--ro freeze?

bool ean

[ | +--ro | sp-protection-rol e?

enuner ati on

[ | | [ +--ro | sp-protection-state?

i dentityref

I | +--ro protection-group-ingress-node-id?
te-types:te-node-id

[ | | | | +--ro protection-group-egress-node-id?
te-types:te-node-id

[ | ] +--ro | sp-shared-resources-tunnel ?
te:tunnel -ref
[ || +--ro | sp-record-route-subobjects

| | +--ro record-route-subobject* [index]
| | +--ro index ui nt 32

I I +--ro (type)?

| | +- -1 (nunber ed)

| | | +--ro address?

i

I | | +--ro ip-flags? bi nary
[ [ +--: (unnunber ed)
| | | +--ro node-id?

I
|| | I
[ I
[ I
[ I
[ I
te-types:te-tp-id
|| | I
[ I
[ I
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te-types:te-node-id

I [ I | +--ro link-tp-id?
te-types:te-tp-id

|| || I -: (1 abel)

I I | +--ro | abel -hop

| | | +--ro te-|abel

| | | | +--ro (technol ogy)?
| | | | | +--:(generic)

| | | | +--r0 generic?
rt- | |
I | I
t i

I I

I I

| |

I I

|
||
||
||
||
||
t ypes: general i zed- | abel
|| | +--ro direction?
e-| abel -direction
|| I | +--ro | abel -flags?  binary
[ | +--ro path-properties
| | | +--ro path-metric* [netric-type]
| [ | | +--ro metric-type ->
./state/netric-type
| || || | | +--ro state
[ [ | ] +--r0 netric-type?
i dentityref
[ | | [ [ ] +--ro accunul ative-value? uint64
|1 | | ] | +--ro path-affinities
|| | | | | +--ro constraints* [usage]
[ [ [ +--ro usage
i dentityref
[ || || +--10 (style)?
[ || || +--:(val ue)
(I |1 (I | +--ro value?
te-types: adm n- groups
[ || || +--: (naned)
I [ | +--ro affinity-nanmes* [nane]
[ | | +--1r0 nanme string
[ [ | +--ro path-srlgs
I || | | +--ro (style)?
|| | || | +--: (val ues)
I | ] [ ] | +--ro usage? i dentityref
[ [ | | +--ro val ues* te-types:srig
[ || || +- -1 (naned)
[ || || +--r0 constraints
I || | +--ro0 constraint* [usage]
[ (. (. +--1r0 usage
i dentityref
[ || || +--ro0 constraint
I [ || +--ro srlg-nanmes* [nane]
[ | | +--r0 name string
[ | | +--ro path-route-objects
[ | [ | | +--ro path-conputed-route-object*
[ 1 ndex]
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| [ [ +--r0 index -> . ./statelindex
| || | +--1r0 state
| [ [ +--ro index?

|

|

(I

ui nt 32

[ | | +--ro (type)?

[ [ | +- - (num unnum hop)

I || || | +--ro num unnum hop

I [ | | +--ro node-id?
te-types:te-node-id

[ (. (. | +--ro link-tp-id?
te-types:te-tp-id

[ | | || | +--ro0 hop-type?

t e- hop-type

[ [ | | +--ro direction?
te-link-direction

|| | [ || +--: (as- nunber)

[ | || | +--ro as-nunber-hop

[ . || || | +--ro as-nunber?  binary
[ (. (. [ +--10 hop-type?

t e- hop-type

[ || [ -1 (1 abel)

|| | [ || +--ro | abel - hop

[ | | +--r0 te-labe

[ || || +--ro (technol ogy) ?
[ || || | +--:(generic)

I [ || | +--1r0 generic?
rt-types: generalized-| abel

[ | (. +-ro direction?
te-label-directio

I | | | +--ro shared-resources-tunnels

[ | | [ | +--ro0 | sp-shared-resources-tunnel *
te:tunnel -ref

[ | | [ +--10 te-dev:lsp-timers

[ | | | | | +--ro te-dev:life-time? ui nt 32

[ | | | ] | +--ro te-dev:time-to-install? uint32

[ | [ | +--ro te-dev:time-to-destroy?  uint32

[ 1 | [ ] +--ro te-dev: downstreaminfo

I | ] | +--ro te-dev:nhop?

i net:ip-address

[ | | | +--ro te-dev:outgoing-interface?
if:interface-ref

[ | | +--ro te-dev:neighbor?

i net:ip-address

I | ] | +--ro te-dev:label?

rt-types: generalized-| abel

[ | +--ro0 te-dev:upstreaminfo

[ 1 | [ ] +--ro te-dev: phop? i net:ip-address
[ [ ] +--ro te-dev:neighbor? inet:ip-address
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[ | ] +--ro te-dev:|abel ?

|

rt-types: generalized-| abel

[ ] | +--ro te-npls:static-Isp-nane?

mpl s-static:static-|sp-ref

[ 1 | +--rw p2p-reverse-prinary-path

I |  +--rw nane? string

[ 1 | | +--rw path-setup-protocol ? i dentityref

[ | | +--rw pat h-conputation-mnmet hod? identityref

I | +--rw path-conputation-server? i net:ip-address
|| | | +--rw conpute-only? enpty

[ 1 | | +--rw use-pat h-conput ati on? bool ean

I | +--rw |l ockdown? enpty

[ | +--rw path-scope? i dentityref

[ | | | +--rw optimnizations

[ | | | | +--rw(algorithm?

[ | | | ] +--:(metric) {path-optinization-metric}?

[ [ | +--rw optinmzation-netric* [nmetric-type]
I [ | | +--rwnetric-type

i dentityref

[ | || +--rwweight?

uint8

[ [ | | +--rwexplicit-route-exclude-objects
[ | [ | | | +--rw route-object-exclude-object*
[i ndex]

I | I +--rw index

ui nt 32

[ || [ +--rw (type)?

[ || [ +- - (num unnum hop)

|| | [ | | | +--rw num unnum hop
. (. . I +--rw node-id?

te-types:te-node-id

[ || [ | +--rw link-tp-id?

te-types:te-tp-id

(I (. . I +--rw hop-type?

t e- hop-type

[ - [ [ | +--rw di rection?

te-link-direction

[ | [ +--: (as-nunber)

[ | [ |  +--rw as- nunber - hop

I | 1 | +--rw as-nunber?  binary
[ | I I +--rw hop-type?

te- hop-type

[ || [ +--: (1 abel)

[ [ [ | | +--rw | abel -hop

[ . | [ . I +--rw te-| abel

I || I I +--rw (technol ogy) ?
[ | [ I | +--:(generic)

[ [ [ - | | +--rw generic?
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rt-types: generalized-| abel
[ [ ] [ | +--rw di rection?
te-label -direction

I || I -1(srlg)

|| | || || | +--rwsrlg

[ || [ +--rwsrlg? uint32

[ [ | | +--rwexplicit-route-include-objects
|1 ] [ | ] +--r'w rout e-obj ect -i ncl ude- obj ect *
[ 1 ndex]

(O (I (I +--rw index

ui nt 32

[ || || +-rw (type)?

[ [ | +- - (num unnum hop)

[ | || | +--rw num unnum hop

[ [ | | +--rw node-id?
te-types:te-node-id

[ || [ | +--rw link-tp-id?
te-types:te-tp-id

|| (. (. | +--rw hop-type?

t e- hop-type

[ [ || | +--rw direction?
te-link-direction

|| | || || +--: (as- nunber)

I || || | +--rw as- nunber - hop

[ [ [ | +--rw as-nunber?  binary
[ [ | | +--rw hop-type?

t e- hop-type

I || || -1 (1 abel)

|| | || || +--rw | abel - hop

[ || || +--rw te-labe

[ || || +--rw (technol ogy) ?
[ 1 || || | +--:(generic)

[ [ [ | | +--rw generic?
rt-types: generalized-| abel

[ | || [ +--rw di rection?
te-1abel -direction

[ [ | +--rwtiebreakers

[ 1 | | +--rw tiebreaker* [tiebreaker-type]

[ | | [ | +--rw tiebreaker-type i dentityref
[ | | | | +--: (obj ective-function)

{pat h-opti m zati on-objective-function}?

I | ] +--rw obj ective-function

[ [ +--rw obj ective-function-type?

i dentityref

(I

+- -rw naned- pat h-constraint ? ->
ool o . .. gl obal s/ named- pat h- constrai nts/

naned- pat h- constrai nt/ nanme

{te-types: naned- pat h-constrai nts}?
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+--rw te-bandw dth

| +--rw (technol ogy)?

| +--:(generic)

[ +--rw generic? te-bandw dth

+--rw setup-priority? uint8
+--rw hold-priority? uint8
+--rw signaling-type? i dentityref

I
I
|
I
I
I
I
| +--rw path-metric-bounds

| | +--rw path-nmetric-bound* [nmetric-type]

| +-rw netric-type i dentityref

| +--rw upper - bound? ui nt 64

| +--rwpath-affinities

| +--rw constraints* [usage]

| +--rw usage i dentityref
| +--rw (style)?

[ +--:(val ue)

| | +--rw val ue?

+--rw as- nunber - hop
+--rw as- nunber? bi nary
+--rw hop-type? te- hop-type

—_— et —_—_——————————————————— et ———_—_—,—————————— e — — — —

I
I
|
I
I
e-types: adm n- groups
I | +--: (naned)
| | +--rw affinity-names* [nane]
| | +--rw nane string
[ | +--rw path-srlgs
| | | +--rw(style)?
| | ] +--: (val ues)
| | | | +--rw usage? i dentityref
| | | +--rw val ues* te-types:srlg
| | +--: (naned)
[ | +--rw constraints
| | +--rw constrai nt* [usage]
| | | +--rw usage i dentityref
| | | +--rw constraint
| | +--rw srl g- names* [ nane]
| | +--rw nane string
[ | +--rwexplicit-route-objects
| | | +--rw route-object-exclude-al ways* [i ndex]
| | | | +--rwindex ui nt 32
I | | | +--rw(type)?
| |1 +- - (num unnum hop)
| I | +--rw num unnum hop
[ || | [ +--rw node-i d?
e-types:te-node-id
| | +--rw link-tp-id? te-types:te-tp-id
| | +--rw hop-type? te- hop-type
| +--rw direction? te-link-direction
|
||
||
(.

I I
I I
I I
| +--:(as-nunber)
I I
I I
I I
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[ +--: (I abel)

| +--rw | abel - hop

| +--rw te-|abel

| +--rw (technol ogy) ?
| | +--:(generic)

| | +--rw generic?
e
|

|| |
|| |
|| |
|| |
|| |
[ |
rt-types: generalized-| abel
[ (. +--rw di rection?
te-label -direction
[ | | +--rw route-object-include-exclude* [index]
[ [ +--rw explicit-route-usage? identityref
[ [ +-rw i ndex ui nt 32
[ | +--rw (type)?
[ . || +- -1 (num unnum hop)
[ [ | +--rw num unnum hop
[ [ | +--rw node-id?
te-types:te-node-id
I [ ] | +--rwlink-tp-id? te-types:te-tp-id
[ || | +--rw hop-type? t e- hop-type
[ | || | +--rw direction? te-link-direction
[ || +--: (as- nunber)
[ | | +--rw as- nunber - hop
|| | | | +--rw as-number?  binary
I | | +--rw hop-type? t e- hop-type
[ . || +--: (1l abel)
[ | [ ] | +--rw | abel -hop
[ | | || | +--rw te-1abe
I || I +--rw (technol ogy) ?
[ | I | +--:(generic)
[ (. I | +--rw generic?
rt-types: generalized-| abel
[ (. | +--rw di rection?
te-label -direction
I || +--:(srlg)
[ || +--rwsrlg
[ | [ +--rwsrlg? uint32
[ | +--rw shared-resources-tunnels
[ | | | +--rwlsp-shared-resources-tunnel*
te: tunnel -ref
[ 1 | | +--rw path-in-segnent!
[ | | +--rwforward
[ | | | | +--rwlabel-restrictions
[ |1 +--rw | abel -restriction* [index]
[ | [ 1 | +--rwrestriction? enuner ati on
[ | | [ | +--rw i ndex ui nt 32
[ |1 | +--rw | abel -start
|| | || | | +--rwte-Iabel
I I | +--rw (technol ogy) ?
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|| [ | | +--:(generic)
[ [ | | +--rw generic?

|

|

rt-types: generalized-| abel

[ . [ | +--rw direction?
te-1abel -direction

[ 1 | | 1 | +--rw | abel - end

[ | [ | |  +--rw te-1abel

[ [ | | +--rw (technol ogy) ?

[ [ | | +--:(generic)

[ [ I | +--rw generic?
rt-types: generalized-| abel

[ 1 | | ] | +--rw direction?
te-1abel -direction

I [ | +--rw range-bi t map?  binary
[ | | +--rwreverse

[ | | | | +--rw label -restrictions

[ [ +--rw | abel -restriction* [index]
[ | | | | +--rwrestriction? enuner ation
[ || +--rw i ndex ui nt 32
[ | | | | +--rw | abel -start

[ | | | |  +--rw te-1label

[ | | | +--rw (technol ogy) ?

[ | I | +--:(generic)

[ (. | | +--rw generic?
rt-types: generalized-| abel

[ [ | +--rw direction?
te-1abel -direction

[ 1 | | ] +--rw | abel - end

[ [ | +--rwte-1abel

[ || | +--rw (technol ogy) ?

[ || | | +--:(generic)

[ (. I | +--rw generic?
rt-types: generalized-| abel

(. (. I +-rw direction?
te-1abel -direction

[ [ +--rw range-bi t map?  binary
I | +--rw path-out-segnent!

I | | +--rwforward

I | | | +--rwlabel-restrictions

|| | [ +--rw | abel -restriction* [index]
[ | | | | | +--rwrestriction? enuneration
[ 1 | | | | +--rw i ndex ui nt 32
[ 1 | | 1 | +--rw | abel -start

[ | [ | |  +--rw te-1abel

[ [ | +--rw (technol ogy) ?
[ [ | | +--:(generic)

[ [ I | +--rw generic?
rt-types: generalized-| abel
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[ | +--rw direction?

[ . +--r0 (style)?
| R +--:(val ue)
I T | +--ro value?

[

te-label -direction

[ [ +--rw | abel -end

|| | || | | +--rwte-Ilabe

|| | || | | +--rw (technol ogy) ?

[ [ | | +--:(generic)

[ [ | | +--rw generic?

rt-types: generalized-| abel

[ [ | +--rw direction?

te-label -direction

|| | [ | +--rw range-bi t map?  binary

[ 1 | | | +--rwreverse

[ | [ +--rw | abel -restrictions

[ [ +--rw | abel -restriction* [index]

[ | | [ ] +--rwrestriction? enuner ation

I || +--rw i ndex ui nt 32

[ [ ] +--rw | abel -start

[ || | +--rwte-Ilabe

[ || | +--rw (technol ogy) ?

[ 1 || | | +--:(generic)

[ (. | | +--rw generic?

rt-types: generalized-| abel

[ (. | +--rw di rection?

te-label -direction

[ | [ +--rw | abel -end

[ | | ] | +--rwte-1abe

[ | | +--rw (technol ogy) ?

[ | | | +--:(generic)

[ | I | +--rw generic?

rt-types: generalized-| abel

[ (. | +--rw direction?

te-label -direction

[ | +--rw range-bi tmap?  binary

[ 1 | | +--ro state

[ | | +--ro path-properties

[ | | | +--ro path-metric* [metric-type]

[ | | | | | +--ro metric-type ->
./state/ metric-type

| || | | | | +--rostate

[ I I +--ro metric-type? i denti tyref

[ I +--ro accumul ative-value?  uint64

I | | | +--ro path-affinities

[ | | | | +--ro constraints* [usage]

[ [ +--ro0 usage

i dentityref

I

|| |

[
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te-types: adni n- gr oups

[ [ | | +--: (naned)

[ I T +--ro affinity-names* [name]
|| | [ I +--ro name string

[ | | | +--ro path-srlgs

I | | | | +--ro(style)?

I [ +--: (val ues)

[ 1 [ T | +--ro usage? i dentityref

[ I I | +--ro val ues* te-types:srlg
[ [ N +- -1 (naned)

I [ +--ro0 constraints

[ I O +--ro constraint* [usage]

[ 1 | I I +--ro usage i dentityref
[ 1 [ T +--1r0 constraint

[ [ I +--ro srlg-nanmes* [nane]

I [ N +--ro0 name string

[ | | | +--ro path-route-objects

[ | | | | +--ro path-conputed-route-object* [index]
I [ +--r10 index -> .. /state/index

[ . [ N +--ro state

[ [ +--r0 index? ui nt 32
[ [ N +--ro (type)?

|| | I I +--: (num unnum hop)

[ | [ I |  +--ro num unnum hop

I [ | +--10 node-id?
te-types:te-node-id

[ [ | +--ro link-tp-id?
te-types:te-tp-id

[ | [ | +--r0 hop-type?

te- hop-type

[ [ | +--ro direction?
te-link-direction

[ [ 1 | +--: (as- nunber)

|| | [ T | +--ro as-nunber-hop

[ [ T | +--ro as-number?  binary
I [ | +--1r0 hop-type?

te- hop-type

I [ +--: (1 abel)

[ [ +--ro | abel - hop

[ [ . +--ro0 te-labe

|| | I I +--ro (technol ogy)?

[ [ O | +--:(generic)

[ I I | +--1r0 generic?
rt-types: generalized-| abel

[ I +--ro direction?
te-label -direction

I

I

| | | +--ro shared-resources-tunnels
| +--ro | sp-shared-resources-tunnel *
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te:tunnel -ref

[ | | | +--ro lsps

I | +--ro | sp* [source destination tunnel-id
| sp-id extended-tunnel -id]

[ 1 | [ ] +--ro0 source

i net:ip-address

I [ ] +--ro destination

i net:ip-address

[ | | | | +--ro tunnel-id

ui nt 16

[ [ +--ro Isp-id

ui nt 16

I [ ] +--ro extended-tunnel-id

i net:ip-address

[ 1 | [ ] +--ro operational -state?

i dentityref

[ (. +--ro path-set up- protocol ?
i dentityref

I | +--ro origin-type?
enuner ati on

[ | | | +--1r0 | sp-resource-status?

enuner ation

[ | +--ro | ockout - of - nor nal ?

bool ean

[ (. +--ro freeze?

bool ean

[ 1 | | +--ro | sp-protection-rol e?

enuner ation

[ 1 | | | +--ro0 | sp-protection-state?

i dentityref

[ [ +--10 protection-group-ingress-node-id?
te-types:te-node-id

[ | [ ] +--10 protection-group-egress-node-id?
te-types:te-node-id

[ ] || +--r0 | sp-shared-resources-tunnel ?
unnel -ref

e:
+--ro | sp-record-route-subobjects

| +--ro record-route-subobject* [index]
| +--ro index ui nt 32

I +--r0 (type)?

| +--: (nunber ed)

| | +--ro address?

(o]
1
o

| +--ro ip-flags? bi nary
| +--: (unnunber ed)
[ | +--ro node-id?

o
o
Bl e e ——t——

D
0
0
o

ypes:te-

—_——t——— e ——————— e —

t
I
I
|
I
I
I
t
I
|
I
t
I

—
('D

—_ 3 ——— o —— e
-O

|
|
|
|
|
ypes:
|
|
|
e
|

| | +--ro link-tp-id?
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te-types:te-tp-id

I | | +--: (1 abel)

[ [ | +--ro | abel - hop

I || I +--ro0 te-|abel

|| | || | | +--ro (technol ogy)?
[ || I | | +--:(generic)

[ (. | | ] +--1r0 generic?
rt-types: generalized-| abel

I [ | | +--ro direction?
te-1abel -direction

|| | [ | +--ro |label-flags?  binary
[ [ +--r0 path-properties

[ [ ] +--ro path-netric* [netric-type]
o | | +--ro metric-type ->
../state/metric-type

[ | | +--ro state

[ [ | +--r0 metric-type?

i dentityref

[ | [ | +--ro accumul ative-value?  uint64
[ | | ] +--ro path-affinities

[ [ | +--ro constraints* [usage]
[ (I | +--ro usage

i dentityref

[ [ | +--ro (style)?

I || | +--: (val ue)

[ | I | +--ro value?
te-types: adnmi n- gr oups

I || I +--: (named)

|| | [ | +--ro affinity-names* [name]
[ || | +--ro0 name string
[ | [ +--ro path-srlgs

[ | | +--ro (style)?

[ | | +--: (val ues)

[ | | | | +--ro usage?

i dentityref

[ [ I | +--ro val ues*
te-types:srlg

[ | | +- -1 (named)

[ || | +--r0 constraints

[ || | +--ro0 constraint* [usage]
[ [ I +--r0 usage

i dentityref

[ || | +--ro0 constraint

[ | I +--ro srlg-nanes*
[ name]

I | I +--ro name
string

|

[ || +--ro path-route-objects
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+--ro pat h- conput ed-r out e- obj ect *

+--1r0 i1 ndex -> . ./statel/index
+--ro state
+--ro i ndex?

+--ro (type)?

+- -

i zed- | abel

> (num unnum hop)

+--ro num unnum hop
+--ro node-id?
+--ro link-tp-id?
+--ro hop-type?

+--ro direction?

-: (as- nunber)

+--ro0 as-number-hop
+--ro as-nunber?

+--ro hop-type?

-: (I abel)

+--ro | abel -hop
+--ro te-I abel
+--ro (technol ogy)?
| +--:(generic)
| +--ro

+--ro direction?

+--ro shared-resources-tunnel s
+--ro | sp-shared-resources-tunnel *

+--rw p2p-reverse-secondary-path
+--rw secondary- pat h?

->

./ p2p- secondar y- pat hs/ p2p- secondar y- pat h/ name

+--rw pat h- set up- pr ot ocol ? i dentityref

+--rw candi dat e- p2p- secondar y- pat hs

+--rw candi dat e- p2p- secondar y- pat h* [ secondary- pat h]
+--rw secondary-path

->

.1 p2p- secondar y- pat hs/ p2p- secondar y- pat h/ name

+--rw pat h- set up- pr ot ocol ? i dentityref

+--r0 state
+--ro active?

+--rw te-npls:static-Isp-nane?

atic:static-Isp-ref

[
[ 1 ndex]
[ ||
[ ||
[ (.
ui nt 32
[ |
[ |
[ ||
[ (.
te-types:te-node-i
[ (.
te-types:te-tp-i
[ I
t e- hop-type
[ [
te-link-direction
[ |
[ |
[ [
bi nary
[ (.
t e- hop-type
[ |
[ |
[ |
[ ||
[ ||
[ (.
generi c? rte-ty
[ (.
te-label -directio
[ ||
[ ||
te:tunnel -ref
[ I
[ I
R A B | .
[ |
[
[ I
[ I
R AN A B
[ I
[ |
[ I
[
nmpl s- st
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+--rw p2p- secondary- pat hs
+--rw p2p-secondary- pat h* [ nane]

||

[

[ +--rw name string

[ 1 | +--rw pat h- set up- protocol ? identityref

[ +--rw pat h- conput at i on- et hod? i denti tyref

| +--rw pat h- conput ati on-server? i net:ip-address
[ 1 | +--rw conput e-only? enpty

I +--rw use- pat h- conput ati on? bool ean

[ | | +--rw | ockdown? enpty

[ +--rw pat h- scope? i dentityref

I +--rw optinzations

| | +--rw(algorithm?

[ | +--:(metric) {path-optimization-metric}?

[ | | +--rw optinization-netric* [nmetric-type]
[ | | | | +--rwnetric-type

i dentityref

I [ | | +--rwweight?

uint8

[ | | | +--rwexplicit-route-exclude-objects
|1 ] | | | | +--rw route-object-exclude-object*
[ 1 ndex]

[ I [ +--rw i ndex ui nt 32
[ I [ +--rw (type)?

[ | | [ | +- - (num unnum hop)

[ | [ | | +--rw num unnum hop
[ | T | +--rw node-id?
te-types:te-node-id

[ | || | +--rw link-tp-id?
te-types:te-tp-id

|| [ | +--rw hop-type?

te- hop-type

|| [ | +--rw direction?
te-link-direction

[ . I [ . +- - (as- nunber)

I I I | +--rw as- nunber - hop

[ | [ | | +--rw as-number?  binary
[ I I I +--rw hop-type?

t e- hop-type

[ | [ +--: (| abel)

[ . I [ . | +--rw | abel -hop

[ I [ I +--rw te-|abel

[ I [ | +--rw (technol ogy) ?
[ I [ I | +--:(generic)

[ I [ I | +--rw generic?
rt-types: generalized-| abel

[ . . I +--rw direction?
te-1abel -direction

[ I [ +--:(srlg)
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| | +-rwsrlg

| +--rw srlg? ui nt 32

| +--rwexplicit-route-include-objects
[ +--rw rout e-obj ect-include-object*

I I I

I I I

| | |

I I I
i ndex]

I

I

I

|

||

||

||

| 1

[ind

| | [ +--rw i ndex ui nt 32
|| | [ +--rw (type)?

| | || +--: (num unnum hop)

| | | | +--rw num unnum hop

[ | | I +--rw node-i d?
te-types:te-node-id

(I I (I | +--rw link-tp-id?
te-types:te-tp-id

[ | | | +--rw hop-type?

t e- hop-type

[ | I +--rw direction?
te-link-direction

[ | || +--:(as-nunber)

I | || | +--rw as- nunber - hop

I | || | +--rw as-nunber?  binary
[ I (. | +--rw hop-type?

t e- hop-type

|| | I || -: (1 abel)

[ I || +--rw | abel - hop

[ I || +--rw te-| abel

I | | +--rw (technol ogy) ?
[ | | | +--:(generic)

[ | (. | +--rw generic?
rt-types: generalized-| abel

[ I [ +--rw direction?
te-label -direction

[ | | | | +--rwtiebreakers

[ | | +--rw tiebreaker* [tiebreaker-type]

[ | | +--rw tiebreaker-type i denti tyref
I | +--:(objective-function)

{pat h-opti m zation-objective-function}?

[ 1 | | +--rw obj ective-function

[ | +--rw obj ecti ve-function-type?

i dentityref

[ | | +--rw preference? uint8

I +--rw naned- pat h- constrai nt ? ->

ool 1. .19l obal s/ naned- pat h-constraints/
named- pat h- constrai nt/ nanme
{te-types: named- pat h- constrai nt s} ?

I +--rw te-bandw dth

|| | | +--rw (technol ogy)?

[ . I +--:(generic)

| | | | +--rw generic? te-bandw dth
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+--rw setup-priority? ui nt8
+--rw hold-priority? uint8
+--rw signaling-type? i dentityref

+--rw path-netric-bounds

| +--rw path-netric-bound* [netric-type]
| +--rw netric-type i dentityref

| +--rw upper - bound? ui nt 64

+--rw path-affinities

| +--rw constraints* [usage]

[ +--rw usage i dentityref
| +-rw (style)?

| +--:(val ue)

| | +--rw val ue?

m n- gr oups

| +--: (naned)

[ +--rw affinity-nanmes* [nane]

| +--rw nane string

+--rw path-srlgs
I
I
|
I
I
I
I
I
|
I
I

e-types: ad

+--rw (style)?

+--:(val ues)

| +--rw usage? i dentityref

| +--rw val ues* te-types:srlg

+--: (naned)

+--rw constraints
+--rw constrai nt* [usage]

+--rw usage i dentityref
+--rw constraint
+--rw srl g-nanes* [ nane]

+--rw hane string
+--rw explicit-route-objects
+--rw rout e-obj ect - excl ude- al ways* [i ndex]
| +--rwindex ui nt 32
+-rw (type)?

+--: (num unnum hop)

| +--rw num unnum hop

+--rw node-id? te-types:te-node-id
+--rw link-tp-id? te-types:te-tp-id
+--rw hop-type? t e- hop-type

+--rw direction? te-link-direction

+--rw as- nunber - hop
+--rw as- nunber ? bi nary
+--rw hop-type? te- hop-type
: (1 abel)
+--rw | abel - hop
+--rw te-| abel
+--rw (technol ogy) ?
| +--:(generic)

I

I

I

+--: (as-nunber)
I

I

I

+- -

—_—————e———————— e ———————————————————e— e At —_———_————— e —— —

I
I
|
I
I
I
I
I
|
I
I
I
I
t
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
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[ [ [ +--rw generic?

| +--rw | abel - end
[ ] | +--rwte-1|abel

I

rt-types: generalized-| abel

[ | [ ] +--rw direction?

te-label -direction

[ | +--rw route-object-include-exclude* [index]
[ | +--rw explicit-route-usage? identityref
[ | +--rw i ndex ui nt 32

[ 1 | | +--rw (type)?

[ | | | +- -1 (num unnum hop)

[ | | +--rw num unnum hop

[ | | +--rw node-id? te-types:te-node-id
I | | +--rwlink-tp-id? te-types:te-tp-id
[ I I +--rw hop-type? t e- hop-type
[ | | [ [ +--rw direction? te-1ink-direction
[ | +- - (as- nunber)

[ | | +--rw as-nunber - hop

I | | +--rw as-number?  binary

| | | | | +--rw hop-type? t e- hop-type

[ I +--: (I abel)

[ | | | | +--rw | abel -hop

[ | | +--rw te-| abel

[ I | +--rw (technol ogy) ?

[ I | | +--:(generic)

[ | I | +--rw generic?
rt-types: generalized-| abel

[ | | +--rw direction?

te-label -direction

I I +--:(srlg)

[ | +--rw srlg

[ | | +--rwsrlg? uint32

I +--rw shar ed-resources-tunnel s

|1 | +--rw | sp-shared-resources-tunnel * te:tunnel -ref
[ | | +--rw pat h-in-segnent!

[ | | | +--rwforward

[ 1 | | | +--rwlabel-restrictions

[ [ +--rw | abel -restriction* [index]

[ | | | | +--rwrestriction? enuner ation

[ | || +--rw i ndex ui nt 32

[ [ +--rw | abel -start

[ | |  +--rw te-|abel

|| | || | +--rw (technol ogy) ?

[ || | | +--:(generic)

[ (. | +--rw generic?
rt-types: generalized-| abel

[ | [ ] | +--rw direction?

te-label -direction

[

[

et al. Expi res January 2, 2019 [ Page 44]



Internet-Draft TE YANG Dat a Mbdel

Saad,

—

(‘D

—

(‘D

—

(D

—

(’D

_—_—_—_—_-_—_-_-—__ .- e, At — —_——,—M——— et —_—_—_—— e —_——

+--rw (technol ogy) ?
| +--:(generic)
| +--rw generic?

I

|
ypes: gener al i zed- | abel

I

I

I

i

| +--rw | abel - end

| | +--rwte-1|abel

[ [ +--rw (technol ogy) ?
| | | +--:(generic)

[ [ [ +--rw generic?

||

||

[

-t e

| (. +--rw direction?

-l abel -direction

|| [ +--rw range-bi t map?  binary
[ | +--rwreverse

| | +--rw |l abel -restrictions

|| | +--rw | abel -restriction* [index]
| | +--rwrestriction? enuner ati on
| | +--rw i ndex ui nt 32
[ ] | +--rw | abel -start

| I |  +--rw te-1abel

|| | | +--rw (technol ogy) ?
|| | I | +--:(generic)

(. | | +--rw generic?
-types: general i zed-1 abel

| | | +-rw direction?

-l abel -direction

[ | | +--rw | abel - end

| | |  +--rw te-|abel

| | | +--rw (technol ogy) ?
|| | | | +--:(generic)

|| | | | +--rw generic?
-types: general i zed-1 abel

[ | | +--rw direction?

-l abel -direction

|| | +--rw range-bitmap?  binary
| +--rw pat h- out - segnent !

[ | +--rwforward

|| | | +--rwlabel-restrictions

|| [ +--rw | abel -restriction* [index]
[ ] | +--rw restriction? enuner ati on
|| [ +--rw i ndex ui nt 32
[ [ ] +--rw | abel -start

|| [ |  +--rw te-1abel

| | | +--rw (technol ogy) ?
|| || | | +--:(generic)

(. (. | +--rw generic?
-types: general i zed-1 abel

| | | +-rw direction?

-l abel -direction

||

[

|

||

[
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rt-types: generalized-| abel
[ 1 | | ] | +--rw direction?
te-label -direction
[ | | | | +--rw range-bi tmap?  binary
[ | | | +--rwreverse
[ | +-rw | abel -restrictions
[ | +--rw | abel -restriction* [index]
[ | | [ +--rwrestriction? enuner ati on
[ | | | +--rw i ndex ui nt 32
[ | +--rw | abel -start
[ I |  +--rw te-1abel
[ | | +--rw (technol ogy) ?
[ | | | +--:(generic)
[ | | +--rw generic?
rt-types: generalized-| abel
(. I | +--rw di rection?
te-label -direction
[ | | [ +--rw | abel -end
[ | |  +--rw te-1abel
[ | | +--rw (technol ogy) ?
[ | | | | | +--:(generic)
[ I | | +--rw generic?
rt-types: generalized-| abel
| I | +-rw direction?
te-label -direction
I | +--rw range-bi tmap?  binary
| +--rw di sj oi ntness?
te-types:te-path-disjointness
I +--rw protection
[ | +--rw enabl e? bool e
I | +--rw protection-type? i dent
I | +--rw protection-reversion-disabl e? bool e
| | +--rw hold-off-time? ui nt 3
| 1 | | +--rwwait-to-revert? uint1
[ 1 | | +--rw aps-signal-id? uint8
| +--rw restoration
I | +--rw enable? boo
|1 | | +--rwrestoration-type? i den
[ | | +--rwrestoration-schene? i den
[ | | | +--rwrestoration-reversion-disable? boo
[ | | | +--rw hold-off-tine? ui nt
| | +--rwwait-to-restore? ui nt
I | +--rwwait-to-revert? ui nt
|1 +--ro state
[ 1 | | +--ro path-properties
|| | | | +--ro path-netric* [netric-type]
[ | | | +--ro netric-type -> .. /state/ netr
[ | | | | | +--ro state
et al. Expi res January 2, 2019
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| |
| |
|| ||
|| ||
| |
| |
| |
[ |
te-types: adni n-g
[ ||
[ |
[ |
[ |
[ |
[ ||
[ ||
[ |
[ |
[ |
[ |
[ ||
[ ||
[ |
[ |
[ |
[ |
[ ||
[ ||
[ |
[ |
[ |
[ |
[ [
te-types:te-node
[ (.
te-types:te-tp-i
[ |
[ [
te-link-direction
[ ||
[ |
[ |
[ |
[ |
[ ||
[ ||
[ |
[ |
Saad, et al.

+--1r0 i ndex ./stateli
+--ro state
+--ro i ndex?

+-ro (type)?

->

+--ro pat h-conput ed-rout e-obj ect* [index]

ndex

ui nt 32

TE YANG Dat a Mbddel July 2018
| +--ro netric-type? i dentityref
+--ro accumul ati ve-val ue? ui nt 64

+--ro path-affinities
| +--ro constraints* [usage]
| +--ro0 usage i dentityref
| +--ro (style)?
| +--:(val ue)
| | +--ro value?
roups
[ -: (naned)
| +--ro affinity-nanmes* [nane]
[ +--ro nane string
+--ro path-srlgs
| +--ro (style)?
| +--:(val ues)
[ | +--ro usage? identityref
| | +--ro val ues* te-types:srlg
| +--: (naned)
| +--ro constraints
| +--ro constraint* [usage]
| +--ro usage i dentityref
[ +--ro constraint
| +--ro srlg-nanmes* [nane]
[ +--ro nane string
+--ro path-route-objects
I
|
I
I
I
I
I
|

+- - (num unnum hop)
| +--ro num unnum hop
| +--ro node-id?
d
| | +--ro link-tp-id?
[ [ +--ro hop-type?
| | +--ro direction?
+--: (as-nunber)
| +--ro as-nunber-hop
| +--ro as-nunber?
+--ro hop-type?
+--: (1 abel)

+--ro | abel -hop
+--ro te-| abel
+--ro (techno
| +--:(gener

Expi res January 2, 2019
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t e- hop-type

bi nary
t e- hop-type
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I I [ +--ro generic?
rt-types: generalized-| abel
| I +--ro direction?
te-1abel -direction
I | | +--ro shared-resources-tunnels

| ] | ] +--ro | sp-shared-resources-tunnel *

I

te:tunnel -ref

I | +--ro |Isps

I | | +--ro Isp* [source destination tunnel-id |sp-id
ext ended-t unnel -i d]

[ [ +--ro source

i net:ip-address

[ | [ +--ro destination

i net:ip-address

[ [ ] +--ro tunnel -id

uintl16

[ [ +--ro Isp-id

uintl6

[ | [ +--ro extended-tunnel -id
i net:ip-address

[ 1 | [ ] +--ro operational -state?
i dentityref

[ | ] +--ro path-set up- protocol ?
i dentityref

I | +--ro origin-type?
enuner ati on

[ | | | +--1r0 | sp-resource-status?
enuner ati on
[ 1 | [ ] +--ro | ockout - of - nor mal ?
bool ean
[ [ +--ro freeze?
bool ean
[ | [ +--1r0 | sp-protection-role?
enuner ati on
[ 1 | | | +--ro0 | sp-protection-state?
i dentityref
I | ] +--ro protection-group-ingress-node-id?
te-types:te-node-id
[ | | | ] +--ro protection-group-egress-node-id?
te-types:te-node-id
[ ] | +--ro | sp-shared-resources-tunnel ?
e:
[ +--ro | sp-record-route-subobjects
| | +--ro record-route-subobject* [index]
I | +--10 index ui nt 32
I I +--ro (type)?
| | +--: (nunber ed)
I I | +--ro address?

—_————eee — —+ —
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[ ] [ ] +--ro constraint
I (. +--10 srlg-names* [nane]

te-types:te-tp-id
[ [ | | +--ro ip-flags? bi nary
[ || | +- -1 (unnunber ed)
[ | | | +--ro node-id?
te-types:te-node-id
(I | | | +--ro link-tp-id?
te-types:te-tp-id
I | I -1 (I abel)
[ [ | +--ro | abel - hop
I || I +--ro te-|abel
|| | || | | +--ro (technol ogy)?
[ || | | | +--:(generic)
[ (. | || +--1r0 generic?
rt-types: generalized-| abel
I [ | | +--ro direction?
te-1abel -direction
|| | [ | +--ro |label-flags?  binary
I | +--r0 path-properties
[ [ | +--ro path-metric* [metric-type]
[ [ | | +--ro netric-type ->
./state/ metric-type
B || | | +--ro state
[ [ [ +--r0 metric-type?
i dentityref
[ [ ] [ ] +--ro accunul ative-val ue?  uint64
[ 1 | [ ] | +--ro path-affinities
[ [ | | +--ro constraints* [usage]
[ (I (I +--r0 usage
i dentityref
[ [ | +--r0 (style)?
I || || +--:(val ue)
[ [ (I | +--ro value?
te-types: adnmi n- gr oups
[ || || +- -1 (naned)
|| | [ | +--ro affinity-names* [name]
I || | +--r0 name string
[ | [ | +--ro path-srlgs
I | | | +--ro (style)?
[ | | +--: (val ues)
[ | | ] | +--ro usage? i dentityref
[ [ | | +--ro val ues* te-types:srilg
I || || +- -1 (naned)
[ [ | ] +--1r0 constraints
I || || +--ro0 constraint* [usage]
[ (I (I +--ro0 usage
identityref
I
I
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|
|
|
[ind
| |
| |
| |
ui nt 32
[ ||
[ ||
[ |
[ (.
te-types:te-node
[ [
te-types:te-tp-i
[ (.
t e- hop-type
[ (.
te-link-directio
[ |
[ ||
[ ||
[ (.
t e- hop-type
[ |
[ |
[ ||
[ ||
[ |
[ |
rt-type |
[ [
te-1abel -direction
[ ||
[ |
te:tunnel -ref
[ |
[ |
[ ||
[ ||
[ |
[ |
i net:ip-address
[ [
if:interface-ref
[ (.
i net:ip-address
[ |
Saad, et al.
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[ +--ro nane string
| +--ro path-route-objects
| | +--ro path-conputed-route-object*

| +--ro i ndex -> . ./statel/index
| +--ro state
[ +--ro index?

+--ro (type)?
+--: (num unnum hop)
| +--ro num unnum hop
| +--ro node-id?

| | +--ro link-tp-id?
| [ +--ro hop-type?

| | | +--ro direction?
+--ro as-nunber-hop

+--ro as-nunber? bi nary

+--: (as-numnber)

|

I

| +--ro hop-type?

[ +--: (1 abel)

| +--ro | abel -hop

| +--ro te-| abe

| +--ro (technol ogy)?
| | +--:(generic)

| [ +--ro generic?
I
I

+--ro direction?

| +--ro shared-resources-tunnels
| +--ro | sp-shared-resources-tunnel *

+--ro te-dev:lsp-tiners

| +--ro te-dev:life-tine? ui nt 32
| +--ro te-dev:tine-to-install? ui nt 32
| +--ro te-dev:tine-to-destroy? ui nt 32
+--ro te-dev:downstreaminfo

| +--ro te-dev:nhop?

| +--ro te-dev:outgoing-interface?

| +--ro te-dev:neighbor?

| +--ro te-dev:|abel?
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Saad,

rt-types: generalized-| abel

|1 | +--ro te-dev:upstreaminfo

I | +--ro te-dev: phop? i net:ip-address
|| | | +--ro te-dev: nei ghbor? i net:ip-address
I | +--ro te-dev:|abel ?

rt-types: generalized-| abel

I | +--ro te-npls:static-Isp-nane?

mpl s-static:static-1sp-ref

I +--rw te-npls:static-|sp-nane?

mpl s-static:static-1sp-ref

| | +---x tunnel-action

|  +---winput

| | +---waction-type? i dentityref
| +--ro output
| +--ro action-result? i dentityref

I
I
I
|
| +---x protection-external -comands
| | +---winput
| +---w protection-external -conmand? i dentityref
| +---w protection-group-ingress-node-id?
-t

|
-t

+--rw te-npls: aut o- bandwi dt h
+--rw te-npl s: enabl ed? bool ean

I

I

I

|

I

I

I

I

te-types:te-node-id

| | +---w protection-group-egress-node-id?
te-types:te-node-id

I +---w path-ref? pat h-r ef
| 1 | +--wtraffic-type? enurer ati on
I +---w extra-traffic-tunnel -ref? te:tunnel -ref
| | +--rwte-dev:lsp-install-interval? ui nt 32

| | +--rwte-dev:I|sp-cleanup-interval? ui nt 32

| | +--rwte-dev:lsp-invalidation-interval? ui nt 32

| | +--rwte-npls:tunnel-igp-shortcut

| | | +--rwte-npls:shortcut-eligible? bool ean

| | | +--rwte-npls:netric-type? i dentityref

| | | +--rwte-npls:netric? i nt 32

| | | +--rwte-npls:routing-afs* i net:ip-version

| | +--rwte-npls:forwarding

| | | +--rwte-npls:binding-Iabel? rt-types: npl s-1abe

| | | +--rwte-npls:load-share? ui nt 32

| | | +--rwte-npls:policy-class? uint8

| | +--rwte-npls:bandw dth-npls

| +--rw te-npl s: specification-type?

te-npl s-types:te-bandw dt h-type

| +--rw te-npls: set-bandw dt h?

t e- npl s-types: bandwi dt h- kbps

| ] +--rw te-npls:class-type? te-types:te-ds-class
| +--ro te-npls:state

| | +--ro te-npls:signal ed-bandw dt h?

t e- npl s-types: bandwi dt h- kbps

||

(.
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| ] +--rw te-npls:mn-bw?
t e- npl s-types: bandwi dt h- kbps
| +--rw te-npls: max- bw?
t e- npl s-types: bandwi dt h- kbps

+--rw te-npls:overfl ow

| +--ro ip-flags? bi nary

| +--rw te-npls:adjust-interval ? ui nt 32
+--rw te-npl s: adj ust-threshol d? te-types: percent age

July 2018

I

|

|

| | +--rw te-npls:enabl ed? bool ean
| | +--rwte-npls:overflowthreshol d?

t e-types: percent age

| | +--rwte-npls:trigger-event-count? uintl6

| | +--rw te-npls:underfl ow

| ] +--rw te-npl s: enabl ed? bool ean
| +--rw te-npl s:underfl owt hreshol d?

t e-types: percent age

| +--rw te-npls:trigger-event-count? uintl16

| +--rw tunnel - p2np* [ nane]

| +--rw name string

| +--rwidentifier? ui nt 16

| +--rw description? string

| +--ro state

[ +--ro operational -state? i dentityref

+--ro | sps-state

| +--ro Isp* [source destination tunnel-id |Isp-id

ext ended- t unnel -i d]

| +--ro source i net:ip-address
| +--ro destination i net:ip-address
[ +--ro tunnel-id ui nt 16

| +--ro |lsp-id uintl16

[ +--ro extended-tunnel -id i net:ip-address
| +--ro operational -state? i dentityref

| +--ro pat h-set up- protocol ? i dentityref

| +--ro origin-type? enumner ati on

[ +--ro | sp-resource-status? enuneration

| +--ro | ockout - of - nor mal ? bool ean

| +--ro freeze? bool ean

| +--ro | sp-protection-rol e? enumrer ati on

| +--ro | sp-protection-state? i dentityref

| +--ro protection-group-ingress-node-id? te-types:te-node-id
[ +--ro protection-group-egress-node-id? te-types:te-node-id
| +--ro | sp-record-route-subobjects

| | +--ro record-route-subobject* [index]

[ [ +--ro index ui nt 32

I I +--r0 (type)?

| | +--: (nunber ed)

[ [ | +--ro address? te-types:te-tp-id

I I

I I

+--: (unnunber ed)
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| +--ro node-id? te-types:te-node-id
| +--ro link-tp-id? te-types:te-tp-id
+--: (1 abel)

I

I

|

[ +--ro | abel -hop
| +--ro te-| abel

| | +--ro (technol ogy)?
[ | | +--:(generic)

I

| +--ro generic?

I

I

|

I

I

I

I

I

rt-types: generalized-| abel

[ [ | +--ro direction? te-1abel -direction

| | +--ro | abel -flags? bi nary

| +--ro te-dev:lsp-tiners

[ | +--ro te-dev:life-tine? ui nt 32

| | +--ro te-dev:tine-to-install? ui nt 32

| | +--ro te-dev:tine-to-destroy? ui nt 32

[ +--ro te-dev:downstreaminfo

| | +--ro te-dev:nhop? i net:ip-address

[ | +--ro te-dev:outgoing-interface? if:interface-ref

| | +--ro te-dev:nei ghbor? i net:ip-address

| | +--ro te-dev:Iabel?

rt-types: generalized-| abel

[ +--ro te-dev:upstreaminfo

| +--ro te-dev: phop? i net:ip-address

| +--ro te-dev: nei ghbor? i net:ip-address

| +--ro te-dev:|abel ? rt-types: generalized-I| abe

+--rw te-dev:interfaces
+--rw te-dev:threshol d-type? enumner ati on
+--rw te-dev: del t a- percent age? t e-types: percent age
+--rw te-dev:threshol d-speci fication? enurer ation
+--rw te-dev:up-threshol ds* te-types: percent age
+--rw te-dev: down-t hreshol ds* te-types: percent age
+--rw te-dev: up-down-t hreshol ds* te-types: percent age

+--rw te-dev:interface* [interface]
+--rw te-dev:interface
if:interface-ref
+--rwte-dev:te-nmetric?
te-types:te-nmetric
+--rw (te-dev: adm n-group-type)?
| +--:(te-dev:val ue-adm n-groups)
| | +--rw (te-dev:val ue-adm n-group-type)?
| +--:(te-dev: adm n-groups)
| | +--rw te-dev:adm n-group?
te-types: adni n- group
| +--:(te-dev: ext ended- adm n- groups)
{te-types: ext ended- adm n- gr oups}?
| +--rw t e-dev: ext ended- adni n- gr oup?
t e-t ypes: ext ended- adni n- gr oup
| +--:(te-dev:naned-adm n-groups)
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| +--rw te-dev: nanmed- admi n- groups* [ named- admi n- gr oup]
{te-types: ext ended- adm n- groups, t e-types:

naned- ext ended- adm n- gr oups}?

[ +--rw te-dev: named- adm n- group ->
..l..1..1../te: gl obal s/ nanmed- adm n- gr oups/ naned- adni n- gr oup/
name

+--rw (te-dev:srlg-type)?

| +--:(te-dev:value-srlgs)

| | +--rwte-dev:val ues* [val ue]

| +--rw te-dev:val ue ui nt 32

| +--:(te-dev:naned-srlgs)

| +--rw te-dev: nanmed-srl gs* [named-srl g]
{te-types: named- srl g- groups}?
I

+--rw te-dev: nanmed-srlg ->
ool 1. [te: gl obal s/ named- srl gs/ naned-srl g/ nane
+--rw te-dev:threshol d-type? enuner ation

+--rw te-dev: del t a- percent age?
te-types: percent age
+--rw te-dev:threshol d-specification? enuneration
+--rw te-dev: up-threshol ds*
t e-types: per cent age
+--rw te-dev: down-t hreshol ds*
te-types: per cent age
+--rw te-dev: up-down-t hreshol ds*
te-types: percent age
+--rw te-dev:sw tching-capabilities* [swtching-capability]
| +--rwte-dev:swtching-capability i dentityref
| +--rw te-dev:encoding? i dentityref
+--ro te-dev:state
+--ro te-dev:te-advertisenents_state

+--ro te-dev:flood-interval ? ui nt 32

+--ro te-dev:|ast-fl ooded-ti ne? ui nt 32

+--ro te-dev: next-fl ooded-tinme? ui nt 32

+--ro te-dev:last-flooded-trigger? enuner ation

+--ro te-dev:advertized-|evel -areas* [l evel -area]
+--ro te-dev:level -area ui nt 32

rpcs:
+---x gl obal s-rpc
+---x interfaces-rpc
+---X tunnel s-rpc
+---w i nput
| +---wtunnel-info
I +---w (type)?
| +--:(tunnel - p2p)
[ |  +---w p2p-id? te:tunnel -ref
| +--:(tunnel - p2np)
| +---w p2np-id? te:tunnel - p2np-r ef

Saad, et al. Expi res January 2, 2019 [ Page 54]



Internet-Draft TE YANG Dat a Mbdel July 2018

+--ro out put
+--ro0 resul t
+--ro result? enuner ati on

notifications:
+---n gl obal s-notif
+---n tunnel s-noti f
nodul e: ietf-te-device

rpcs:
+---x interfaces-rpc

notifications:
+---n interfaces-notif

Figure 6: TE generic nodel configuration and state tree
4. TE CGeneric and Hel per YANG Modul es

<CODE BEG@ NS> file "ietf-te-types@018-07-01. yang"
modul e ietf-te-types {

nanespace "urn:ietf:parans:xm:ns:yang:ietf-te-types";

/* Replace w th | ANA when assigned */
prefix "te-types";

inmport ietf-inet-types {
prefix inet;
}

i mport ietf-yang-types {
prefix "yang";
}

import ietf-routing-types {
prefix "rt-types";
}

organi zati on
"I ETF Traffic Engineering Architecture and Signaling (TEAS)
Wor ki ng Group”;

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

WG Chair: Lou Berger
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<mai |l t o: | ber ger @ abn. net >

WG Chair: Vishnu Pavan Beeram
<mai | t 0: vbeer am@ uni per. net >

Edi t or: Tar ek Saad
<mai | t o: t saad@i sco. conP

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

Edi t or: Vi shnu Pavan Beeram
<mai | t 0: vbeer am@ uni per. net >

Edi t or: H manshu Shah
<mai | t o: hshah@i ena. con®

Edi t or: Xuf eng Liu
<mai |l to: xufeng. | iu@ricsson. conp

Edi t or: I gor Bryskin
<mai | t 0: | gor. Bryski n@uawei . conp";

description
"This nodul e contains a collection of generally
useful TE specific YANG data type defintions.";

revision "2018-07-01" {
description "Latest revision of TE types";
ref erence "RFC3209";

}

/*

* ldentities

*/

identity association-type {
description "Base identity for tunnel association";
reference "RFC6780, RFC4872, RFC4873"

identity association-type-recovery {
base associ ati on-type;
description
"Associ ati on Type Recovery used to association LSPs of
same tunnel for recovery";
reference "RFC4872";

identity association-type-resource-sharing {
base associ ati on-type;
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description
"Associ ati on Type Resource Sharing used to enable resource
sharing during nmake- before-break."
reference "RFC4873";
}
identity association-type-doubl e-sided-bidir {
base associ ati on-type;
description
"Associ ation Type Doubl e Sided bidirectional used to associate
two LSPs of two tunnels that are independently configured on
ei ther endpoint";
reference "RFC7551";

identity association-type-single-sided-bidir {

base associ ati on-type;

description
"Associ ation Type Single Sided bidirectional used to associate
two LSPs of two tunnels, where a tunnel is configured on one
si de/ endpoint, and the other tunnel is dynanically created on
t he ot her endpoint";

reference "RFC7551";

}

identity objective-function-type {
description "Base objective function type";
reference "RFC4657";

identity of-mnimze-cost-path {
base objective-function-type;
description
"M mi nmuze cost of path objective function”

identity of-mnimze-Ioad-path {
base objective-function-type;
description
"M ninmze the | oad on path(s) objective
function";

identity of-nmaxim ze-residual -bandw dth {
base objective-function-type;
description
"Maxi m ze the residual bandw dth objective
function";
}
identity of-m nimze-agg-bandw dt h- consunpti on {
base objective-function-type;
description
"mninmze the aggregate bandw dth consunption
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obj ective function";

identity of-m nimze-I| oad-nost-I|oaded-1ink {
base objective-function-type;
description
"M nimze the | oad on the nost |oaded |ink
obj ective function";
}
identity of-m nimze-cost-path-set {
base objective-function-type;
description
"M nimze the cost on a path set objective
function";

}

i dentity path-conputation-nethod {
description
"base identity for supported path conputation
mechani sns";

}

identity path-locally-conputed {
base pat h-conput ati on- net hod
description
"indicates a constrai ned-path LSP in which the
path is conputed by the |l ocal LER';

}

identity path-externally-queried {

base pat h- conput ati on- net hod

description

"Constrai ned-path LSP in which the path is
obt ai ned 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); and the path that is
returned by the external source is not required to provide a
whol Iy resol ved path back to the originating system- that is to
say, some |local conputation may al so be required”

}

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

* Typedefs
*/

typedef te-bandw dth {

type string {

pattern

"O[xX] (O((\N.02)?2[pPI (\+)?20?] (\.O0?)) |
"1(\. ([\Vda-fA-F] {0, 5} [ 02468aAcCeE] ?) ?) ?[ pP] (\ +) ?2(12[ 0- 71|
"1[01]\Vd| oA dAd) ?) | O[ xX] [\da-fA-F] {1, 8}|\d+
“(, (00 xX] (O((\. 0?)?[ pP] (\+) ?0?| (\.0?)) ][’
"1(\. ([Vda-fA-F] {0, 5} [ 02468aAcCeE] ?) ?) ?[ pP] (\ +) ?2(12[0-7]]|"
"1[01]\d] 0AANdAd)?) | O[ xX] [\da-fA-F] {1, 8}|\d+))*";

+ 4+ 4+ + +

}

descri pt| on

"This is the generic bandwidth type that is a string containing
a list of nunbers separated by commas, with each of these
number can be non-negative decinmal, hex integer, or hex float:
(dec | hex | float)[*(',  (dec | hex | float))]
For packet switching type, a float nunber is used, such as
0x1p10.
For OTN switching type, a list of integers can be used, such
as '0,2,3,1', indicating 2 odu0’'s and 1 odu3.
For DADM a list of pairs of slot nunber and wi dth can be
used, such as '0, 2, 3, 3, indicating a frequency slot O with
slot wdth 2 and a frequency slot 3 with slot width 3."

} // te-bandwi dth

typedef te-ds-class {
type ui nt8 {
range "0..7";
}
descri ption
"The leferent| atied d ass-Type of traffic.
reference "RFC4124: section-4.3.1";

}

typedef te-link-direction {
type enuneration {
enum | NCOM NG {
description
"explicit route represents an inconmng |ink on a node";
}
enum OUTGO NG {
description
"explicit route represents an outgoing link on a node";
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description
"enunerated type for specifying direction of link on a node"

}

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-hop-type {
type enuneration {
enum LOGCSE {
description
"l oose hop in an explicit path";

}
enum STRI CT {
description
"strict hop in an explicit path"
}

}

description
"enunerated type for specifying | oose or strict
pat hs";
reference "RFC3209: section-4.3.2";
}

identity LSP_METRI C_TYPE {
description
"Base identity for types of LSP netric specification"

identity LSP_METRI C_RELATI VE {
base LSP_METRI C _TYPE;
description
"The netric specified for the LSPs to which this identity refers
is specified as a relative value to the IGP netric cost to the
LSP's tail-end.";
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}

identity LSP_METRI C_ABSOLUTE {
base LSP_METRI C_TYPE;
description
"The metric specified for the LSPs to which this identity refers
is specified as an absol ute val ue"

}

identity LSP_METRI C_| NHERI TED {
base LSP_METRI C TYPE;
description
"The nmetric for for the LSPs to which this identity refers is
not specified explicitly - but rather inherited fromthe IGP
cost directly";

}

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

}

identity tunnel-p2p {
base tunnel -type;
description
"TE poi nt-to-point tunnel type.";
}

identity tunnel -p2nmp {
base tunnel -type;
description
"TE point-to-multipoint tunnel type.";
reference "RFC4875";

}

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 resetup. Tears the
tunnel’s current LSP (if any) and
attenpts to re-establish a new LSP";
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}

identity tunnel -action-reoptimze {
base tunnel -action-type;
description
"TE tunnel action reoptim ze.
Reoptim zes placenent of the tunnel LSP(s)";

}

identity tunnel-action-sw tchpath {
base tunnel -action-type;
description
"TE tunnel action reoptimnze
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 successul.";

}

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

}

identity tunnel -action-inprogress {
base te-action-result;
description "TE action inprogress.”;

}

identity tunnel-adnin-state-type {
description
"Base identity for TE tunnel adnmin states”;

}
identity tunnel-adnin-state-up {

base tunnel - adm n- st at e-type;
description "Tunnel adm nistratively state up";

}

identity tunnel -adm n-state-down {
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base tunnel - admi n- st ate-type;
description "Tunnel adm nistratively state down";

}

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

}

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

}

identity tunnel -state-down {
base tunnel -state-type;
description "Tunnel state down";

}

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

}

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

}

identity |sp-path-conputation-ok {
base | sp-state-type
description
"State path conpute successful"

}

identity |sp-path-conputatione-failed {
base | sp-state-type
description
"State path conpute failed";

}

identity |sp-state-setting-up {
base | sp-state-type
description
"State setting up";
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identity |sp-state-setup-ok {
base | sp-state-type
description
"State setup successful”
}

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

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

}

identity |sp-state-tearing-down {
base | sp-state-type
description
"State tearing down";
}

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

}

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

identity path-invalidation-action-drop-type {
base path-invalidation-action-type;
description
"TE path invalidation action drop";
}

identity path-invalidation-action-drop-tear {
base path-invalidation-action-type;
description
"TE path invalidation action tear";
}

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

}

identity |Isp-restoration-restore-any {
base | sp-restoration-type
description
"Restores when any of the LSPs is affected by a failure";

}

identity |Isp-restoration-restore-all {
base | sp-restoration-type
description
"Restores when all the tunnel LSPs are affected by failure"

}

identity restoration-schene-type {
description
"Base identity for LSP restoration schenes";
reference "RFC4872";

}

identity restoration-schene-preconfigured {
base restoration-schenme-type;
description
"Restoration LSP is preconfigured prior to the failure"

}

identity restoration-schene-preconputed {
base restoration-schene-type;
description
"Restoration LSP is preconputed prior to the failure";

}

identity restoration-schene-presignal ed {
base restoration-schene-type;
description
"Restoration LSP is presignaledd prior to the failure"

}

identity |sp-protection-type {
description
"Base identity fromwhich LSP protection types are
derived.";

}

identity |sp-protection-unprotected {
base | sp-protection-type
description
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"LSP protection 'Unprotected "
reference "RFC4872";

}

identity |sp-protection-reroute-extra {
base | sp-protection-type
description
"LSP protection '(Full) Rerouting "
ref erence "RFC4872";

}

identity |sp-protection-reroute {
base | sp-protection-type
description
"LSP protection 'Rerouting without Extra-Traffic' ";
reference "RFC4872";

}

identity Isp-protection-1-for-n {
base | sp-protection-type
description
"LSP protection '1: N Protection with Extra-Traffic'"
reference "RFC4872";

}

identity |Isp-protection-unidir-1-to-1 {
base | sp-protection-type
description
"LSP protection '1+1 Unidirectional Protection'"
reference "RFC4872";

}

identity |Isp-protection-bidir-1-to-1 {
base | sp-protection-type
description
"LSP protection '1+1 Bidirectional Protection "
reference "RFC4872";

}

identity |Isp-protection-extra-traffic {
base | sp-protection-type
description
"LSP protection 'Extra-Traffic'"
reference
"ITUT G 808, RFC 4427."

}

identity |Isp-protection-state {
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description
"Base identity of protection states for reporting
pur poses.";

identity normal {
base | sp-protection-state;
description "Normal state.";

}

identity signal-fail-of-protection {
base | sp-protection-state;
description
"There is a SF condition on the protection transport
entity which has higher priority than the FS command.”
reference
"ITUT G 873.1, G 8031, G 8131";
}

identity | ockout-of-protection {
base | sp-protection-state;
description
"A Loss of Protection (LoP) conmand is active.";
reference
"ITUT G 808, RFC 4427";
}

identity forced-switch {
base | sp-protection-state;
description
"A forced switch (FS) command is active.";
reference
"ITUT G 808, RFC 4427"
}

identity signal-fail {
base | sp-protection-state;
description
"There is a SF condition on either the working
or the protection path.";
ref erence
"ITUT G 808, RFC 4427";
}

identity signal-degrade {
base | sp-protection-state;
description
"There is an SD condition on either the working or the
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protection path.";
reference
"ITUT G 808, RFC 4427"

}

identity manual -switch {
base | sp-protection-state;
description
"A manual switch (MS) command is active."
ref erence
"I TUT G 808, RFC 4427";

}

identity wait-to-restore {
base | sp-protection-state;
description
"Await time to restore (WIR) is running.";
reference
"ITUT G 808, RFC 4427";

}

identity do-not-revert {
base | sp-protection-state;
description
"A DNR condition is active because of a non-revertive
behavi or.";
ref erence
"ITUT G 808, RFC 4427";

}

identity failure-of-protocol {
base | sp-protection-state;
description
"The protection is not working because of a failure of
protocol condition.";
reference
"ITUT G 873.1, G 8031, G 8131";

}

identity protection-external-conmands {
description
"Protection external conmands for trouble shooting
pur poses. ";

identity action-freeze {
base protection-external - comands;
description
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"A tenporary configuration action initiated by an operator
command to prevent any switch action to be taken and as such
freezes the current state.”;

reference
"I TUT G 808, RFC 4427";

}

identity clear-freeze {
base protection-external - comuands;
description
"An action that clears the active freeze state."
reference
"ITUT G 808, RFC 4427";

}

identity action-Iockout-of-normal {

base protection-external -comands;

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.";

ref erence
"ITUT G 808, RFC 4427";

}

identity clear-Iockout-of-normal {
base protection-external - commands;
description
"An action that clears the active |ockout of normal state."
reference
"ITUT G 808, RFC 4427";

}

identity action-lockout-of-protection {
base protection-external - commands;
description
"A tenporary configuration action initiated by an operator
command to ensure that the protection transport entity is
tenporarily not available to transport a traffic signa
(either nornmal or extra traffic).";
reference
"ITUT G 808, RFC 4427";

}

identity action-forced-switch {
base protection-external -comuands;
description
"A switch action initiated by an operator command to swith
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the extra traffic signal, the normal traffic signal, or the
null signal to the protection transport entity, unless an
equal or higher priority switch command is in effect.”
reference
"I TUT G 808, RFC 4427";

}

identity action-manual -switch {

base protection-external - comuands;

description
"A switch action initiated by an operator conmmand to swith
the extra traffic signal, the nornmal traffic signal #i, or
the null signal to the protection transport entity, unless
a fault condition exists on other transport entities or an
equal or higher priority switch command is in effect.”

ref erence
"I TUT G 808, RFC 4427";

}

identity action-exercise {

base protection-external - comuands;

description
"An action to start testing if the APS communication is
operating correctly. It is lower priority than any other
state or command.";

ref erence
"ITUT G 808, RFC 4427"

}

identity clear {

base protection-external - commands;

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

ref erence
"ITUT G 808, RFC 4427";

identity switching-capabilities {
description
"Base identity for interface switching capabilities"”
reference "RFC3471";

}

identity switching-pscl {
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base switching-capabilities;
description
"Packet-Swi tch Capable-1 (PSC-1)";
reference "RFC3471";
}

identity swtching-evpl {
base switching-capabilities;
description
"Ethernet Virtual Private Line (EVPL)";
}

identity switching-12sc {
base switching-capabilities;
description
"Layer-2 Switch Capable (L2SO)";
reference "RFC3471";
}

identity sw tching-tdm {
base swi tching-capabilities;
description
"Ti me-Di vision-Miltiplex Capable (TDM";
reference "RFC3471";
}

identity switching-otn {
base switching-capabilities;
description
"OTN- TDM capabl e";
}

identity sw tching-dcsc {
base switching-capabilities;
description
"Data Channel Swi tching Capable (DCSC)";
}

identity switching-1lsc {
base switching-capabilities;
description
"Lanmbda- Swi tch Capable (LSC)";
reference "RFC3471";

}

identity switching-fsc {
base switching-capabilities;
description
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"Fi ber-Switch Capable (FSCO)";
ref erence "RFC3471";
}

identity |sp-encoding-types {
description
"Base identity for encoding types"
reference "RFC3471";

}

i dentity | sp-encodi ng-packet {
base | sp-encodi ng-types;
description

"Packet LSP encoding";
reference "RFC3471";

}

identity |sp-encoding-ethernet {
base | sp-encodi ng-types;
description
"Et hernet LSP encodi ng"”
reference "RFC3471";

}

identity |sp-encoding-pdh {
base | sp-encodi ng-types;
description
"ANSI / ETSI LSP encodi ng";
reference "RFC3471";

}

identity |sp-encoding-sdh {
base | sp-encodi ng-types;
description
"SDH ITU-T G 707 / SONET ANSI T1.105 LSP encodi ng"
reference "RFC3471";

}

identity |sp-encoding-digital-wapper {
base | sp-encodi ng-types;
description
"Digital Wapper LSP encodi ng”
reference "RFC3471";

}

identity | sp-encoding-|anbda {
base | sp-encodi ng-types;
description
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"Lanmbda (photonic) LSP encodi ng"
reference "RFC3471";

}

identity |sp-encoding-fiber {
base | sp-encodi ng-types;
description
"Fi ber LSP encodi ng”
reference "RFC3471";

}

identity |sp-encoding-fiber-channel {
base | sp-encodi ng-types;
description
" Fi ber Channel LSP encodi ng"
reference "RFC3471";

}

identity |sp-encodi ng-oduk {
base | sp-encodi ng-types;
description
"G 709 ODWk (Digital Path)LSP encoding"
}

identity | sp-encoding-optical -channel {
base | sp-encodi ng-types;
description
"Line (e.g., 8B/10B) LSP encodi ng"
}

identity |sp-encoding-line {
base | sp-encodi ng-types;
description
"Line (e.g., 8B/10B) LSP encodi ng"
}

i dentity path-signaling-type {
description
"base identity from which specific LSPs path
setup types are derived";

}

identity path-setup-static {
base path-signaling-type
description
"Static LSP provisioning path setup”;
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identity path-setup-rsvp {
base path-signaling-type
description
"RSVP-TE si gnaling path setup";
reference "RFC3209";

}

identity path-setup-sr {
base path-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";

}

identity path-scope-end-to-end {
base pat h-scope-type
description
"Path scope end to end"
}

/* TE basic features */
feature p2nmp-te {
description
"I ndi cates support for P2MP-TE";
ref erence "RFC4875";

}

feature frr-te {
description
"I ndi cates support for TE FastReroute (FRR)";
ref erence "RFC4090";

}

feature extended-adn n-groups {
description
"Indi cates support for TE link extended admin
groups.";
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ref erence "RFC7308";
}

feature naned-path-affinities {
description
"I'ndi cates support for naned path affinities";
}

f eat ure naned- ext ended- adm n- groups {
description
"I ndi cates support for naned extended adm n groups";
}

feature named-srl g-groups {
description
"I ndi cates support for naned SRLG groups”
}

feature named- pat h-constraints {
description
"Indi cates support for naned path constraints”
}

feature path-optimzation-netric {
description
"Indi cates support for path optimzation nmetric";
}

feature path-optim zati on-objective-function {
description
"Indi cates support for path optim zation objective function"
}

identity route-usage-type {
description
"Base identity for route usage"
}

identity route-include-ero {
base route-usage-type
description
"Incl ude ERO fromroute";
}

identity route-exclude-ero {
base route-usage-type
description
"Excl ude ERO fromroute";
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}

identity route-exclude-srlg {
base rout e-usage-type;
description
"Exclude SRLG fromroute";
}

identity path-nmetric-type {
description
"Base identity for path netric type";
}

identity path-nmetric-te {
base path-netric-type;
description
"TE path netric";
reference "RFC3785";

}

identity path-nmetric-igp {
base path-netric-type;
description
"I GP path metric";
ref erence "RFC3785";

}

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

identity path-netric-del ay-average {
base path-netric-type;
description
"Unidirectional average link delay";
reference "RFC7471";

}

identity path-nmetric-residual -bandw dth {
base path-netric-type;
description
"Uni directional Residual Bandwi dth, which is defined to be
Maxi mum Bandwi dt h [ RFC3630] minus the bandwi dth currently
al located to LSPs.";
reference "RFC7471";

}
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identity path-nmetric-optinize-includes {
base path-netric-type
description
"A nmetric that optimzes the nunber of included resources
specified in a set";

}

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

}

identity path-tiebreaker-type {
description
"Base identity for path tie-breaker 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-randoom {
base path-tiebreaker-type
description
"Random LSP path pl acenent”;
}

i dentity bidir-provisioning-node {
description
"Base identity for bidirectional provisioning
node. ";
reference "RFC7551";

}

identity bidir-provisioning-single-sided {
base bi dir-provisi oni ng- node;
description
" Si ngl e-sided bidirectional provioning node";

Saad, et al. Expi res January 2, 2019 [ Page 77]



Internet-Draft TE YANG Dat a Mbdel July 2018

ref erence " RFC7551";
}

i dentity bidir-provisioning-double-sided {
base bi dir-provisi oni ng- node;
description
"Doubl e-si ded bi directional provioning node";
reference "RFC7551";

}

identity bidir-association-type {
description
"Base identity for bidirectional association type"
reference "RFC7551";

}

identity bidir-assoc-corouted {
base bidir-association-type;
description
"Co-routed bidirectional association type";
reference "RFC/7551";

}

identity bidir-assoc-non-corouted {
base bidir-association-type;
description
"Non co-routed bidirectional association type"
reference "RFC7551";

}

identity resource-affinities-type {
description
"Base identity for resource affinities”
reference "RFC2702";

}

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 acceptabl e";
ref erence "RFC2702 and RFC3209"

}

identity resource-aff-include-any {
base resource-affinities-type
description
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"The set of attribute filters associated with a
tunnel any of which nmust be present for a link
to be acceptabl e”;

reference "RFC2702 and RFC3209"

}

identity resource-aff-exclude-any {
base resource-affinities-type
description
"The set of attribute filters associated with a
tunnel any of which renders a |ink unacceptable";
ref erence "RFC2702 and RFC3209"

}

typedef optim zation-goal {
type enuneration {
enum minim ze {
description "Pick | owest path netric goal"
}

enum maxi m ze {
description "Pick highest path nmetric goal”
}

enum randoni ze {
description
"Pick a path at randomfromlist of
equal Iy favorabl e ones"
}
}
description "TE optinization goal"

}

identity te-optimzation-criterion {
description
"Base identity for TE optim zation criterion.";
reference
"RFC3272: Overview and Principles of Internet Traffic
Engi neering.";

}

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

}

identity cost {
base te-optim zation-criterion;
description "Optim zed on cost.";

}

Saad, et al. Expi res January 2, 2019 [ Page 79]



Internet-Draft TE YANG Dat a Mbdel July 2018

identity delay {
base te-optim zation-criterion;
description "Optim zed on delay.”

}

/*
* Typedefs
*/

typedef percentage {
type uint8 {
range "0..100";
}

description
"Integer indicating a percentage val ue"
}

typedef performance-netric-normality {
type enuneration {
enum "unknown" {
val ue O0;
description
"Unknown. ";
}

enum "normal " {
val ue 1;
description
“Nornmal . ";
}

enum "abnormal " {
val ue 2;
description
"Abnormal . The anomal ous bit is set."
}
}

description
"I ndi cates whether a performance netric is nornmal, abnormal, or
unknown. ";
ref erence
"RFC7471: OSPF Traffic Engineering (TE) Metric Extensions.
RFC7810: 1S-1S Traffic Engineering (TE) Metric Extensions.
RFC7823: Performance-Based Path Selection for Explicitly
Rout ed Label Swi tched Paths (LSPs) Using TE Metric
Ext ensi ons";

}

typedef te-adm n-status {
type enuneration {
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enum up {
description
"Enabl ed. ";

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

enum testing {
description
"I'n sone test node.";
}

enum pr epari ng- mai nt enance {
description
"Resource is disabled in the control plane to prepare for
graceful shutdown for nmaintenance purposes.”;
ref erence
"RFC5817: Graceful Shutdown in MPLS and Generalized MPLS
Traffic Engi neering Networks";
}
enum mai nt enance {
description
"Resource is disabled in the data plane for maintenance
pur poses.";
}
}
description
"Defines a type representing the adm nistrative status of
a TE resource.”;

}
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 RFC6370 and RFC5003.
This attribute type is used solely to provide a globally
uni que context for TE topol ogies."
}

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

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

description
"Defines a type representing the access type of a TE |link.";
ref erence
"RFC3630: Traffic Engineering (TE) Extensions to OSPF
Version 2.";

}

typedef te-node-id {

type yang: dott ed- quad;
description

"An identifier for a node in a topol ogy.

The identifier is represented as 32-bit unsigned integer in

t he dotted-quad notation

This attribute is mapped to Router IDin

RFC3630, RFC5329, RFC5305, and RFC6119.";

}

typedef te-oper-status {
type enuneration {
enum up {
description
"QOperational up.";

enum down {
description
"QOperational down.";
}
enum testing {
description
"I'n sone test node.";
}
enum unknown {
description
"Status cannot be determ ned for sone reason.";
}
enum prepari ng- mai nt enance {
description
"Resource is disabled in the control plane to prepare for
graceful shutdown for naintenance purposes."”;
reference
"RFC5817: Graceful Shutdown in MPLS and Generalized MPLS
Traf fic Engi neering Networks";

}

enum nei nt enance {
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description
"Resource is disabled in the data plane for maintenance

pur poses.";
}
oo
description

"Defines a type representing the operational 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.";

b
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
"RFC4872: RSVP-TE Extensions in Support of End-to-End
Generalized Multi-Protocol Label Switching (GWLS)
Recovery";
} /] te-path-disjointness

typedef te-recovery-status {
type enuneration {
enum nor mal {
description
"Both the recovery and working spans are fully
al | 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 r ecovery-succeeded {
description
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"The recovery action has succeeded. The worki ng 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 reversion-failed {
description

"The reversion has failed.”

}
enum recovery-unavail abl e {
description

"The recovery is unavailable -- either as a result of an
operator Lockout command or a failure condition detected
on the recovery span.”

}
enum recovery-admn {
description

"The operator has issued a comand swi tching the user
traffic to the recovery span.”;

}
enumwait-to-restore {
description

"The recovery domain is recovering froma failuer/degrade
condition on the working span that is being controlled by
the Wait-to-Restore (WIR) tinmer.";

}
}

description
"Defines the status of a recovery action.";
ref erence
"RFC4427: Recovery (Protection and Restoration) Term nol ogy
for Generalized Milti-Protocol Label Sw tching (GWLS)
RFC6378: MPLS Transport Profile (MPLS-TP) Linear Protection”

}

typedef te-tenplate-name {
type string {
pattern '/ ?([a-zA-Z0-9\-_.]1+)(/[a-zA-Z0-9\-_.]+)*";
}
description
"A type for the name of a TE node tenplate or TE link
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tenpl ate.";
}

typedef te-topol ogy-event-type {
type enuneration {
enum "add" {
val ue 0;
description
"A TE node or te-link has been added."”
}
enum "renove" {
val ue 1;
description
"A TE node or te-link has been renoved.";
}
enum "updat e" {
val ue 2;
description
"A TE node or te-link has been updated.";
}
}

description "TE Event type for notifications";
} /] te-topol ogy-event-type

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

description
"An identifier for a topol ogy.
It is optional to have one or nore prefixes at the begining,
separated by colons. The prefixes can be the network-types,
defined in ietf-network.yang, to help user to understand the
topol ogy better before further inquiry.";

}

typedef te-tp-id {
type union {
type uint32; /1 Unnunbered
type inet:ip-address; // |1Pv4 or |Pv6 address

description
"An identifier for a TE |ink endpoint on a node.
This attribute is mapped to local or renote link identifier in
RFC3630 and RFC5305.";
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typedef admi n-group {
type binary {
| ength 4;
}

description
"Admi ni strative group/ Resource cl ass/Col or.";
ref erence "RFC3630 and RFC5305"

}

t ypedef extended-adm n-group {
type binary;
description
"Ext ended adnini strative group/ Resource class/Color."
reference "RFC7308";

}

typedef admi n-groups {
type union {
type admi n-group;
type ext ended- adm n-group;

description "TE administrative group derived type";

}

typedef srlg {
type uint32;
description "SRLG type"
reference "RFC4203 and RFC5307"

}

identity path-conmputation-srlg-type {
description
"Base identity for SRLG path conputation”;
}

identity srlg-ignore {
base path-conputation-srlg-type
description
"I gnores SRLGs in path conputation”;
}

identity srlg-strict {
base path-conputation-srlg-type
description
"I'nclude strict SRLG check in path conputation”
}

identity srlg-preferred {
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base path-conputation-srlg-type
description
"Include preferred SRLG check in path conputation”

}

identity srlg-weighted {
base path-conputation-srlg-type
description
"I'ncl ude wei ghted SRLG check in path conputation”;

}

typedef te-netric {
type uint32;
description
"TE link netric";
reference "RFC3785";

}
/**

* TE bandwi dt h groupi ngs
**/
identity otn-rate-type {
description
"Base type to identify OIN bit rates of various information
structures."”;
ref erence "RFC7139";

}
identity oduO {
base otn-rate-type
description
"CDW bit rate.";

}
identity odul {
base otn-rate-type
description
"ODUL bit rate.";
}

identity odu2 {
base otn-rate-type
description
"ODU2 bit rate.";

}
identity odu3 {
base otn-rate-type
description
"ObU3 bit rate.™;

}
identity odud {
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base otn-rate-type;
description
"ODW bit rate.™;

identity odu2e {
base otn-rate-type;
description
"ODWU2e bit rate.";

}
identity oduc {
base otn-rate-type;
description
"CDUCn bit rate.";

identity oduflex {
base otn-rate-type;
description
"ODUflex bit rate.";
}

identity wdm spectrumtype {
description
"Base type to identify WDM spectrumtype.”;

}

identity cwdm {
base wdm spectrumtype;
description "CADM ";
reference "RFC6205";

}

identity dwdm {
base wdm spectrumtype;
description "DADM ";
ref erence "RFC6205";

}

identity flexible-grid {
base wdm spectrumtype;
description "Flexible grid.";
reference "RFC6205";

}

groupi ng te-bandwi dth {
description
"Thi s groupi ng defines the generic TE bandwi dt h.
For some known data pl ane technol ogi es, specific nodeling
structures are specified. The string encoded te-bandw dth
type is used for un-specified technol ogies.
The nodeling structure can be augnented | ater for other
technol ogi es. ";
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cont ai ner te-bandw dth {
description
"Cont ai ner that specifies TE bandwi dth.";
choi ce technol ogy {
default generic;
description
"Data plane 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-label {
description
"Thi s groupi ng defines the generic TE | abel
The nodeling structure can be augnented for each technol ogy.
For un-specified technol ogies, rt-types:generalized-| abe
is used.";
contai ner te-label {
description
"Cont ai ner that specifies TE | abel."
choi ce technol ogy {
default generic;
description
"Dat a pl ane technol ogy type.";
case generic {
| eaf generic {
type rt-types: generalized-I abel
description
"TE | abel specified in a generic format.";

}
}

| eaf direction {
type te-label -direction;
description "Label direction";
}
}
}

Saad, et al. Expi res January 2, 2019 [ Page 89]



Internet-Draft TE YANG Dat a Mbdel July 2018

/**

* TE performance netric groupi ngs
**/
groupi ng performance-netric-container {
description
"A container containing perfornance netric attributes.";
cont ai ner performance-netric {
description
"Li nk performance information in real tine.";
ref erence
"RFC7471: OSPF Traffic Engineering (TE) Metric Extensions.
RFC7810: 1S-1S Traffic Engineering (TE) Metric Extensions.
RFC7823: Performance-Based Path Selection for Explicitly
Rout ed Label Switched Paths (LSPs) Using TE Metric
Ext ensi ons";
cont ai ner neasur enent {
description
"Measured performance netric values. Static configuration
and manual overrides of these neasurenents are also
al | owed. ";
uses performance-netric-attributes;

}

container normality

description
"Performance nmetric normality values.";
uses performance-netric-normality-attributes;

}

uses performance-netric-throttl e-container

}

} /] performance-netric-container

groupi ng te-topol ogy-identifier {
description
"Augnentati on for TE topol ogy."
cont ai ner te-topol ogy-identifier {
description "TE topol ogy identifier container"”;
| eaf provider-id {
type te-types:te-global-id;
description
"An identifier to uniquely identify a provider.

leaf client-id {
type te-types:te-global-id;
description
"An identifier to uniquely identify a client."

}
| eaf topology-id {
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type te-types:te-topol ogy-id;

description
"It is presuned that a datastore will contain many
topol ogi es. To distingui sh between topologies it is
vital to have UNI QUE topol ogy identifiers.";

groupi ng performance-netric-attributes {
description
"Li nk performance information in real tine.";
ref erence
"RFC7471: OSPF Traffic Engineering (TE) Metric Extensions.
RFC7810: 1S-1S Traffic Engineering (TE) Metric Extensions.
RFC7823: Performance-Based Path Selection for Explicitly
Rout ed Label Swi tched Paths (LSPs) Using TE Metric
Ext ensi ons";
| eaf unidirectional -delay {
type uint32 {
range 0..16777215;
}

description "Delay or latency in micro seconds.";
}
| eaf unidirectional-mn-delay {
type uint32 {
range 0..16777215;
}

description "M ninumdelay or latency in micro seconds.";

| eaf unidirectional -nmax-delay {
type uint32 {
range 0..16777215;
}

description "Maxi numdelay or latency in mcro seconds.";

| eaf unidirectional -delay-variation {
type uint32 {
range 0..16777215;
}

description "Delay variation in mcro seconds.";
}
| eaf wunidirectional-packet-1oss {
type deci mal 64 {
fraction-digits 6;
range "0 .. 50.331642";
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}

description
"Packet | oss as a percentage of the total traffic sent
over a configurable interval. The finest precision is
0. 000003% ";

| eaf unidirectional-residual -bandw dth {
type rt-types: bandw dt h-i eee-fl oat 32
description
"Resi dual bandwi dth that subtracts tunne
reservati ons from Maxi mum Bandwi dth (or |ink capacity)
[ RFC3630] and provi des an aggregated renmai nder across QS
cl asses. ";

| eaf unidirectional -avail abl e-bandw dth {
type rt-types: bandwi dt h-i eee-fl oat 32
description
"Avail abl e bandwidth that is defined to be residua
bandwi dt h ni nus the neasured bandw dth used for the
actual forwarding of non-RSVP-TE LSP packets. For a
bundl ed 1ink, available bandwidth is defined to be the
sum of the conponent |ink avail abl e bandwi dt hs.";
}
| eaf unidirectional-utilized-bandw dth {
type rt-types: bandwi dt h-i eee-fl oat 32
description
"Bandwi dth utilization that represents the actua
utilization of the link (i.e. as neasured in the router).
For a bundled link, bandwidth utilization is defined to
be the sum of the conponent |ink bandw dth
utilizations.";

} // performance-metric-attributes

groupi ng performance-netric-nornality-attributes {
description
"Link performance netric normality attributes.";
ref erence
"RFC7471: OSPF Traffic Engineering (TE) Metric Extensions.
RFC7810: 1S-1S Traffic Engineering (TE) Metric Extensions.
RFC7823: Performance-Based Path Sel ection for Explicitly
Rout ed Label Swi tched Paths (LSPs) Using TE Metric
Ext ensi ons";
| eaf unidirectional -delay {
type te-types: performance-netric-normality;
description "Delay normality.";

| eaf unidirectional-mn-delay {
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type te-types: performance-netric-normality;
description "M ninumdelay or latency normality.";

| eaf unidirectional-nmax-delay {
type te-types: performance-netric-normality;
description "Maxi mum delay or |atency normality.";

| eaf unidirectional-delay-variation {
type te-types: performance-netric-normality;
description "Delay variation normality.";

| eaf unidirectional-packet-1oss {
type te-types: performance-netric-normality;
description "Packet loss normality.";

| eaf unidirectional-residual -bandw dth {
type te-types: performance-netric-normality;
description "Residual bandwi dth normality.";
}
| eaf unidirectional -avail abl e-bandw dth {
type te-types: performance-netric-normality;
description "Avail abl e bandwi dth normality.";
}
| eaf unidirectional-utilized-bandw dth {
type te-types: performance-netric-normality;
description "Bandwidth utilization normality.";

} /] performance-netric-nornality-attributes

groupi ng performance-netric-throttle-container {
description
"A container controlling performance netric throttle.";
container throttle {
must "suppression-interval >= neasure-interval" {
error-nessage
"suppression-interval cannot be | ess then
neasure-interval.";
description
"Constraint on suppression-interval and
measure-interval . ";
}
description
"Link performance information in real tinme.";
ref erence
"RFC7471: OSPF Traffic Engineering (TE) Metric Extensions.
RFC7810: 1S-1S Traffic Engineering (TE) Metric Extensions.
RFC7823: Performance-Based Path Sel ection for Explicitly
Rout ed Label Swi tched Paths (LSPs) Using TE Metric
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Ext ensi ons";
| eaf unidirectional -del ay-offset {
type uint32 {
range 0..16777215;
}

description
"Offset value to be added to the neasured del ay val ue.";
}
| eaf measure-interval {
type uint32;
default 30;
description
"Interval in seconds to nmeasure the extended netric
val ues. ";

| eaf advertisenment-interval {
type uint32;
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 advertising the extended
metric values.";
}
cont ai ner threshol d-out {
uses performance-netric-attributes;
description
"If the neasured paraneter falls outside an upper bound
for all but the min delay netric (or |ower bound for
m n-delay netric only) and the advertised value is not
al ready outside that bound, anomal ous announcenent will be
triggered.";
}
container threshold-in {
uses performance-netric-attributes;
description
"If the measured paraneter falls inside an upper bound
for all but the min delay netric (or |ower bound for
m n-delay netric only) and the advertised value is not
al ready inside that bound, nornal (anonal ous-flag cl eared)
announcenent will be triggered.";

Saad, et al. Expi res January 2, 2019 [ Page 94]



Internet-Draft TE YANG Dat a Mbdel July 2018

cont ai ner threshol d-accel erat ed-adverti senent {
description
"When the difference between the | ast advertised val ue and
current nmeasured val ue exceed this threshol d, anomal ous
announcenent will be triggered.";
uses performance-netric-attributes;

}
} _ _
} // performance-netric-throttle-container
/**
* TE tunnel generic groupi ngs
**/

/* Tunnel path selection paraneters */
groupi ng explicit-route-hop {
description
"The explicit route subobject grouping"
| eaf index {
type uint32;
description "ERO subobject index";

choi ce type {
description
"The explicit route subobject type"
case num unnum hop {
cont ai ner num unnum hop {
| eaf node-id {
type te-types:te-node-id;
description
"The identifier of a node in the TE topol ogy.";

}
leaf link-tp-id {
type te-types:te-tp-id;
description
"TE link ternmination point identifier. The conbi nation
of TElink ID and the TE node IDis used to identify an
unnunbered TE link.";

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

| eaf direction {

type te-link-direction;

description "Unnunbered Link ERO direction”
}

description
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"Nurmber ed and Unnunbered |ink/node explicit route
subobj ect”;
ref erence
"RFC3209: section 4.3 for EXPLICI T_ROUTE in RSVP-TE
RFC3477: Signalling Unnunbered Links in RSVP-TE";

}
}

case as-nunber {
cont ai ner as-nunber-hop {
| eaf as-nunber {
type binary {
| ength 16;

}
description "AS nunber”;

}
| eaf hop-type {

type te-hop-type;

description
"strict or |oose hop";

}
description

" Aut ononobus System explicit route subobject”;

}

case | abel {
cont ai ner | abel - hop {
description "Label hop type";
uses te-|abel;
}
description
"The Label ERO subobject";
}

}
}

groupi ng record-route-subobject _state {
description
"The record route subobject grouping”
| eaf index {
type uint32;
description "RRO subobject index"

choi ce type {
description
"The record route subobject type"
case nunbered {
| eaf address {
type te-types:te-tp-id;
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description
"Nurmbered link TE termi nation point address.";

}
| eaf ip-flags {
type binary {
| ength 8;
}
description
"RRO | P address sub-object flags”
reference "RFC3209";
}
}

case unnunbered {
| eaf node-id {
type te-types:te-node-id;
description
"The identifier of a node in the TE topol ogy.";

}
leaf link-tp-id {
type te-types:te-tp-id;
description
"TE link term nation point identifier, used
together with te-node-id to identify the
link term nation point";
}
description
"Unnunbered link record route subobject”;
ref erence
"RFC3477: Signalling Unnunbered Links in
RSVP- TE";

case | abel {
cont ai ner | abel -hop {
description "Label hop type";
uses te-Iabel;
| eaf | abel-flags {
type binary {
| ength 8;
}
description
"Label sub-object flags"
ref erence "RFC3209";
}
}
description
"The Label RRO subobject”;
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}

grouping | abel -restriction-info {
description "Label set iteminfo";
| 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.";

}

description
"Whether the list itemis inclusive or exclusive."
}

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

contai ner |abel-start {
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, attribute 'l abel-end is not set.";
uses te-1abel;
}
cont ai ner | abel -end {
description
"The ending label if a |label range is specified;
This attribute is not set, If a single label is
specified.";
uses te-|abel;
}
| eaf range-bitmap {
type binary;
description
"When there are gaps between | abel-start and | abel - end,
this attribute is used to specified the possitions
of the used | abels.";

}
}

groupi ng | abel -set-info {
description
"Grouping for List of |abel restrictions specifying what |abels
may or may not be used on a |ink connectivity.";
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contai ner label-restrictions {
description
"The | abel restrictions container”;
list |abel-restriction {

key "index";

description
"The absence of l|abel-set inplies that all |abels are
acceptable; otherwise only restricted | abels are
avail able.™;

ref erence

"RFC7579: General Network El enment Constraint Encoding
for GWLS-Control |l ed Networks";
uses | abel -restriction-info;
}
}
}

[*** End of TE tunnel groupings ***/
groupi ng optim zations_config {
description "Optinization nmetrics configuration grouping"
| eaf metric-type {
type identityref {
base te-types: path-netric-type

}
description "TE path nmetric type";
}
| eaf weight {
type uint8;
description "TE path netric normalization weight";
}
cont ai ner explicit-route-exclude-objects {
when "../metric-type =" +

"'"te-types: path-nmetric-optim ze-excludes’ "
description
"Contai ner for the exclude route object list";
uses pat h-rout e-excl ude-obj ects;
}
cont ai ner explicit-route-include-objects {
when "../metric-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_config {
description
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"Comon constraints groupi ng that can be set on
a constraint set or directly on the tunnel”

uses te-types:te-bandw dth {
description
"A requested bandwidth to use for path conputation”

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

description
"TE LSP requested setup priority"
reference "RFC3209"

}
| eaf hold-priority {
type uint8 {
range "0..7";
}
description
"TE LSP requested hold priority";
reference "RFC3209";
}
| eaf signaling-type {
type identityref {
base te-types: pat h-signaling-type
}
description "TE tunnel path signaling type";
}
}

groupi ng tunnel -constraints_config {
description
"Tunnel constraints grouping that can be set on
a constraint set or directly on the tunnel"”
uses te-types:te-topol ogy-identifier
uses te-types: common-constraints_config;

}

groupi ng path-netrics-bounds_config {
description "TE path netric bounds groupi ng";
| eaf metric-type {
type identityref {
base te-types: path-netric-type
}
description "TE path nmetric type";

}
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| eaf upper-bound {
type uint 64;
description "Upper bound on end-to-end TE path netric";
}
}

groupi ng pat h-obj ective-function_config {
description "Optinization nmetrics configuration grouping"
| eaf objective-function-type {
type identityref {
base te-types: objective-function-type;
}
description
"(bj ective function entry";
}
}

/**

* TE interface generic groupings
**/
groupi ng pat h-rout e-obj ects {
description
"List of EROs to be included or excluded when perfornng
the path conputation."”;
cont ai ner explicit-route-objects {
description
"Cont ai ner for the exclude route object list";
I i st route-object-exclude-al ways {
key i ndex;
description
"List of explicit route objects to always excl ude
frompath conputation”;
uses te-types:explicit-route-hop
}
i st route-object-include-exclude {
key i ndex;
description
"List of explicit route objects to include or
exclude in path conputation”;
| eaf explicit-route-usage {
type identityref {
base te-types:route-usage-type;
}

description "Explicit-route usage.";
}
uses te-types:explicit-route-hop {
augnment "type" {
case srlg {

Saad, et al. Expi res January 2, 2019 [ Page 101]



Internet-Draft TE YANG Dat a Mbdel

container srlg {
description "SRLG contai ner";
| eaf srlg {
type uint32;
description "SRLG val ue";
}
}

July 2018

description "An SRLG val ue to be included or excluded”

}

description

"Augnentation to generic explicit route for SRLG
excl usi on";

groupi ng pat h-rout e-i ncl ude-objects {
description
"List of EROs to be included when performng
the path conputation.”;
I ist route-object-include-object {
key i ndex;
description
"List of explicit route objects to be included
in path conputation”;
uses te-types:explicit-route-hop
}
}

groupi ng pat h-rout e- excl ude-objects {
description
"List of EROs to be included when performng
the path conputation.”;
i st route-object-exclude-object {
key i ndex;
description
"List of explicit route objects to be excluded
in path conputation”;
uses te-types:explicit-route-hop {
augnment "type" {
case srlg {
container srlg {
description "SRLG contai ner”;
| eaf srlg {
type uint32;
description "SRLG val ue";
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} }
description "An SRLG val ue to be included or excluded”

}

description
"Augnentation to generic explicit route for SRLG excl usion”

}
}
}
}

groupi ng generic-path-netric-bounds {
description "TE path netric bounds groupi ng";
cont ai ner path-metric-bounds {
description "TE path nmetric bounds container”;
list path-netric-bound {
key netric-type;
description "List of TE path netric bounds";
uses path-metrics-bounds_config;
}
}
}

groupi ng generic-path-optim zation {
description "TE generic path optimi zation groupi ng";

contai ner optim zations {
description
"The objective function container that includes
attributes to i npose when conputing a TE path";

choi ce al gorithm {
description "Optim zations algorithm";
case netric {
if-feature path-optim zation-netric;
[* Optinmize by netric */
list optimization-metric {
key "netric-type";
description "TE path nmetric type";
uses optim zations_config;
}
/* Tiebreakers */
cont ai ner tiebreakers {
description
"The list of tiebreaker criterion to apply
on an equally favored set of paths to pick best";
list tiebreaker {
key "tiebreaker-type"
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description
"The list of tiebreaker criterion to apply
on an equally favored set of paths to pick best";
| eaf tiebreaker-type {
type identityref {
base te-types: path-netric-type
}
description "The objective function”;
}
}
}
}
case objective-function {
if-feature path-optim zati on-objective-function
/* Objective functions */
cont ai ner objective-function {
description
"The objective function container that includes
attributes to i mpose when conmputing a TE path";
uses pat h-objective-function_confi g;

groupi ng generic-path-affinities {
description
"Path affinities grouping";
contai ner path-affinities {
description
"Path affinities container";
list constraint {
key "usage";
description
"List of nanmed affinity constraints";
| eaf usage {
type identityref {
base resource-affinities-type

}

description "Affinities usage"
| eaf val ue {

type admi n- groups;
description "Affinity val ue”
}

}
}
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}

groupi ng generic-path-srlgs {
description
"Path SRLG groupi ng"
contai ner path-srlgs {
description
"Path SRLG properties container";
| eaf usage {
type identityref {
base te-types:route-exclude-srlg;
}

description "SRLG usage";

| eaf-1ist values {
type srlg;
description "SRLG val ue";
}
}
}

groupi ng generi c-path-di sjoi ntness {
description "Path disjointness grouping";
| eaf disjointness {
type te-types:te-path-disjointness;
description
"The type of resource disjointness.
Under prinmary path, disjointness |level applies to
all secondary LSPs. Under secondary, disjointness
| evel overrides the one under primry";
}
}

groupi ng comon-pat h-constraints-attributes {
description
"Conmon path constraints configuration grouping"
uses conmon-constraints_confi g;
uses generic-pat h-netric-bounds;
uses generic-path-affinities;
uses generic-path-srlgs;

}

groupi ng generic-path-constraints {
description
"d obal named path constraints configuration
groupi ng";
contai ner path-constraints {
description "TE named path constraints container"”;
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uses conmon- pat h-constrai nts-attri butes;
uses generi c-pat h-di sj oi nt ness;
}
}

groupi ng generic-pat h-properties {
description "TE generic path properties grouping";
cont ai ner pat h-properties {
config fal se
description "The TE path properties"”;
list path-netric {
key netric-type;
description "TE path nmetric type";
| eaf metric-type {
type identityref {
base te-types: path-netric-type
}
description "TE path nmetric type";

}
| eaf accumul ative-val ue {

type uint 64;

description "TE path nmetric accunul ati ve val ue";
}

}
uses generic-path-affinities;
uses generic-path-srlgs;
cont ai ner pat h-route-objects {
description
"Container for the list of route objects either returned by
the conputation engine or actually used by an LSP"
Iist path-route-object {
key i ndex;
description
"List of route objects either returned by the conputation
engi ne or actually used by an LSP";
uses explicit-route-hop
}
}
}
}

}
<CODE ENDS>

Figure 7: TE basic types YANG nodul e
<CODE BEG NS> file "ietf-te@018-07-01. yang"

nmodul e ietf-te {
yang-version 1.1;
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nanespace "urn:ietf:paranms:xm:ns:yang:ietf-te";

/* Replace with I ANA when assigned */
prefix "te";

/* Inmport TE generic types */

inmport ietf-te-types {
prefix te-types;

}

inmport ietf-inet-types {
prefix inet;

}

organi zati on
"I ETF Traffic Engineering Architecture and Signaling (TEAS)
Wor ki ng Group”;

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

WG Chair: Lou Berger
<mai |l t o: | berger @ abn. net >

WG Chair: Vishnu Pavan Beer am
<mai | t o: vbeer am@ uni per. net >

Edi t or: Tar ek Saad
<mui | to: t saad@i sco. con®

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

Edi t or: Vi shnu Pavan Beeram
<mai | t 0: vbeer am@ uni per. net >

Edi t or: H manshu Shah
<mai | t o: hshah@i ena. con®

Edi t or: Xufeng Liu
<mai | t o: Xuf eng_Li u@abi | . conr

Edi t or: I gor Bryskin
<mai | t o: 1 gor. Bryski n@uawei . conp";

description
"YANG data nmodul e for TE configuration,
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state, RPC and notifications.";

revision "2018-07-01" {
description "Latest update to TE generic YANG nodul e."”;
reference "TBA";

}

typedef tunnel-ref {
type leafref {
path "/te:te/te:tunnel s/te:tunnel/te: name";
}

description
"This type is used by data nodels that need to reference
configured TE tunnel .";

}

typedef path-ref {
type union {
type leafref {
path "/te:te/te:tunnels/te:tunnel/" +
"te:p2p-primary-paths/te: p2p-primary-path/te: nanme";

}
type leafref {
path "/te:te/te:tunnels/te:tunnel/" +
"te: p2p-secondary- pat hs/te: p2p-secondary- pat h/t e: nane";
}
}

description
"This type is used by data nodels that need to reference
configured primary or secondary path of a TE tunnel.";

}

typedef tunnel -p2mp-ref {
type leafref {
path "/te:te/te:tunnel s/te:tunnel-p2np/te: nane”;
}

description
"This type is used by data nodels that need to reference
configured P2MP TE tunnel .";

reference "RFC4875";

}
/**
* TE tunnel generic groupings
*/
groupi ng path-affinities-contents _config {

description
"Path affinities constraints grouping”
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reference "RFC3630 and RFC5305"
| eaf usage {
type identityref {
base te-types:resource-affinities-type;

}

description "Affinities usage"

choice style {
description
"Path affinities representation style";
case val ue {
| eaf val ue {
type te-types: adm n-groups;
description
"Bitmap indicating what bits are of significance"

}

case nanmed {
list affinity-names {
key "nane";
| eaf nane {
type string;
description "Affinity nane";
}

description "List of named affinities";
}

}
}
}

grouping path-affinities {
description "Path affinities grouping";
ref erence "RFC 3209"
contai ner path-affinities {
description "Path affinities container”;
list constraints {
key "usage";
description "List of named affinity constraints";
uses path-affinities-contents_config;
}
}
}

groupi ng pat h-srl gs-values_config {
description "Path SRLG val ues properties groupi ng"
reference "RFC4203 and RFC5307"
| eaf usage {
type identityref {
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base te-types:route-exclude-srlg;

}
description "SRLG usage";

| eaf-1ist values {
type te-types:srlg;
description "SRLG val ue";
reference "RFC4203 and RFC5307"
}
}

groupi ng path-srlgs {
description "Path SRLG properties grouping"
cont ai ner path-srlgs {
description "Path SRLG properties container”
choice style {
description "Type of SRLG representation”;
case val ues {
uses pat h-srl gs-val ues_confi g;

case named {
contai ner constraints {
description "SRLG nanmed constraints";
list constraint {
key "usage";
| eaf usage {
type identityref {
base te-types:route-exclude-srlg;
}
description "SRLG usage";
}
cont ai ner constraint {
description "Container for named SRLG list";
list srlg-nanes {

key "nane";
| eaf nane {
type string;
description "The SRLG nane";
}
description "List named SRLGs"
}
}
description "List of named SRLG constraints";
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}

groupi ng p2p-reverse-primary-path-properties {
description "tunnel path properties."”;
reference "RFC7551";
cont ai ner p2p-reverse-primary-path {
description "Tunnel reverse primary path properties"”;
uses p2p-path-reverse-properties_config;
uses pat h-constraints-comon_confi g;
contai ner state {
config fal se
description
"Configuration applied parameters and state";
uses p2p-path-properties_state;

cont ai ner p2p-reverse-secondary-path {
description "Tunnel reverse secondary path properties"”;
uses p2p-reverse-pat h- candi dat e- secondar y- pat h- confi g;

}
}

groupi ng p2p-secondary-pat h-properties {
description "tunnel path properties.";
uses p2p-path-properties_config;
uses pat h-constraints-comon_confi g;
uses protection-restoration-parans_config;
contai ner state {
config fal se
description
"Configuration applied parameters and state";
uses p2p-path-properties_state;

}

groupi ng p2p-pri mary-path-properties {
description
"TE tunnel primary path properties grouping";
uses p2p-path-properties_config;
uses path-constrai nts-comon_confi g;
contai ner state {
config fal se
description
"Configuration applied paraneters and state";
uses p2p-path-properties_state;
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groupi ng path-properties_state {
description "Computed path properties grouping";
| eaf metric-type {
type identityref {
base te-types: path-netric-type

}

description "TE path nmetric type";
}
| eaf accumul ative-val ue {

type uint 64;

description "TE path nmetric accunul ati ve val ue";

}
}

groupi ng pat h-properties {
description "TE conputed path properties grouping";
cont ai ner pat h-properties {
description "The TE path conputed properties”;
list path-metric {
key netric-type;
description "TE path netric type";
| eaf metric-type {
type leafref {
path "../state/netric-type";
}

description "TE path nmetric type";
}

contai ner state {
config fal se
description

"Configuration applied parameters and state";
uses path-properties_state,;

}
}
uses path-affinities;
uses path-srlgs;
cont ai ner pat h-route-objects {
description
"Container for the list of conputed route objects
as returned by the conputation engine";
i st path-conputed-route-object {
key i ndex;
description
"Li st of conmputed route objects returned by the
comput ati on engi ne";
| eaf index {
type leafref {
path "../state/index";

Saad, et al. Expi res January 2, 2019 [ Page 112]



Internet-Draft TE YANG Dat a Mbdel July 2018

}

description "lIndex of conmputed route object"”;

}

contai ner state {
config fal se
description

"Configuration applied parameters and state";

uses te-types:explicit-route-hop

}

}

uses shared-resources-tunnels;

}
}

groupi ng p2p-path-properties _state {
description "TE per path state paraneters”;
uses path-properties {
description "The TE path conputed properties”;
}

contai ner |sps {
description "TE LSPs contai ner";
list Isp{
key
"source destination tunnel-id |Isp-id "+
"ext ended-tunnel -id";
description "List of LSPs associated with the tunnel."
uses | sp-properties_state;
uses shared-resources-tunnel s_state;
uses | sp-record-route-information_state,;
uses path-properties {
description "The TE path actual properties"”;
}

}
}
}

groupi ng p2p-pat h-properties-comon_config {

description

"TE tunnel common path properties configuration grouping"
| eaf nane {

type string;

description "TE path nane";
}
| eaf path-setup-protocol {

type identityref {

base te-types: path-signaling-type
}
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description
"Signaling protocol used to set up this tunnel™

| eaf path-conputation-nethod {
type identityref {
base te-types: pat h-conput ati on- net hod;

default te-types:path-1locally-conputed
description
"The net hod used for conputing the path, either
| ocally conputed, queried froma server or not
conputed at all (explicitly configured).";

| eaf path-conputation-server {
when "../path-conputation-nmethod = "+
"'te-types: path-external ly-queried " {
description
"The pat h-conputati on server when the path is
externally queried";
}
type inet:ip-address;
description
"Address of the external path conputation
server",;
}
| eaf conpute-only {
type enpty;
description
"When set, the path is conputed and updated whenever
the topology is updated. No resources are comitted
or reserved in the network.";
}
| eaf use-path-computation {
when "../path-conputation-nmethod =" +
"te-types: path-locally-conputed "
type bool ean;
description "A CSPF dynanically conputed path";

| eaf | ockdown {
type enpty;
description
"Indicates no reoptinization to be attenpted for
this path.";
}
| eaf path-scope {
type identityref {
base te-types: pat h-scope-type;
}

Saad, et al. Expi res January 2, 2019 [ Page 114]



Internet-Draft TE YANG Dat a Mbdel July 2018

default te-types: path-scope-end-to-end;
description "Path scope if segnent or an end-to-end path"

}
}

groupi ng p2p-path-reverse-properties_config {
description
"TE tunnel reverse path properties configuration
groupi ng";
uses p2p-pat h-properti es-comon_confi g;
uses te-types: generic-path-optimzation
| eaf naned- path-constraint {
if-feature te-types: named- pat h-constraints;
type leafref {
path *../../../..[../../globals/"
+ "naned- pat h- constrai nt s/ naned- pat h-constrai nt/"
+ "nanme";
}
description
"Reference to a globally defined naned path
constraint set";

}
}

groupi ng p2p-path-properties_config {
description
"TE tunnel path properties configuration grouping"
uses p2p-pat h-properti es-comon_confi g;
uses te-types: generic-path-optimzation
| eaf preference {
type uint8 {
range "1..255";
}
description
"Specifies a preference for this path. The | ower the
number hi gher the preference"
}
| eaf naned- pat h-constraint {
if-feature te-types: named- pat h-constraints;
type leafref {
path "../../../../../globals/"
+ "named- pat h- constr ai nt s/ named- pat h- constraint/"
+ "nane";
}
description
"Reference to a globally defined named path
constraint set";
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}

/* TE tunnel configuration data */
groupi ng tunnel - p2np- parans_confi g {
description
"Configuration paraneters relating to TE tunnel"
| eaf nane {
type string;
description "TE tunnel nane.";

| eaf identifier {
type uint 16;
description
"TE tunnel ldentifier.";
reference "RFC 3209"
}
| eaf description {
type string;
description
"Textual description for this TE tunnel”

}
}
groupi ng hierarchical-link_config {
description
"Hi erarchical link configuration grouping"
ref erence "RFC4206";
| eaf | ocal-te-node-id {
type te-types:te-node-id;
description
"Local TE node identifier";
| eaf local-te-link-tp-id {
type te-types:te-tp-id;
description
"Local TE link termination point identifier";
}
| eaf renote-te-node-id {
type te-types:te-node-id;
description
"Renote TE node identifier";
}
uses te-types:te-topol ogy-identifier
}
groupi ng hierarchical-link {
description
"Hi erarchical |ink grouping"
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ref erence " RFC4206";

contai ner hierarchical-link {
description
"Identifies a hierarchical link (in client |ayer)
that this tunnel is associated with.";
uses hierarchical -1ink_config;
}

}

groupi ng protection-restoration-parans_state {
description
"Protection paranmeters grouping"
| eaf | ockout-of-normal {
type bool ean;
description

When set to "True', it represents a | ockout of nornal
traffic external conmand. Wen set to 'False’, it
represents a clear |ockout of nornmal traffic externa
command. The | ockout of normal traffic command applies
to this Tunnel
ref erence
"ITUT G 808, RFC 4427";

| eaf freeze {
type bool ean;
description

When set to "True', it represents a freeze externa
command. Wen set to 'False', it represents a clear
freeze external command. The freeze command comrand
applies to all the Tunnels which are sharing the
protection resources with this Tunnel
ref erence
"ITUT G 808, RFC 4427";

| eaf |sp-protection-role {
type enuneration {
enum wor ki ng {
description
"A working LSP must be a primary LSP whilst a protecting

LSP can be either a primary or a secondary LSP. Al so,
known as protected LSPs when working LSPs are associ at ed
with protecting LSPs.";

}

enum protecting {
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description
"A secondary LSP is an LSP that has been provisioned
in the control plane only; e.g. resource allocation
has not been conmitted at the data plane";
}

}

description "LSP role type";

reference "rfc4872, section 4.2.1";

}

| eaf |sp-protection-state {
type identityref {
base te-types:|sp-protection-state,;
}

description
"The state of the APS state machine controlling which
tunnels is using the resources of the protecting LSP.";

| eaf protection-group-ingress-node-id {

type te-types:te-node-id;

description
"Indicates the te-node-id of the protection group
i ngress node when the APS state represents an extena
command (LoP, SF, MS) applied to it or a WIR timer
running on it. If the external command is not applied to
the ingress node or the WIR timer is not running on it,
this attribute is not specified. If value 0.0.0.0 is used
when the te-node-id of the protection group ingress node is
unknown (e.g., because the ingress node is outside the scope
of control of the server)";

| eaf protection-group-egress-node-id {

type te-types:te-node-id;

description
"Indicates the te-node-id of the protection group egress node
when the APS state represents an extenal command (LoP, SF,
M5) applied to it or a WIR tinmer running on it. If the
external command is not applied to the ingress node or
the WIR tinmer is not running on it, this attribute is not
specified. If value 0.0.0.0 is used when the te-node-id of
the protection group ingress node is unknown (e.g., because
the ingress node is outside the scope of control of the
server)";

}
}

groupi ng protection-restoration-parans_config {
description "Protection and restoration paraneters”;
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cont ai ner protection {

description "Protection paraneters”

| eaf enable {
type bool ean;
default ’fal se’
description

"Aflag to specify if LSP protection is enabl ed"

reference "rfcd427";

| eaf protection-type {
type identityref {
base te-types:|sp-protection-type;
}

description "LSP protection type.";
}

| eaf protection-reversion-disable {
type bool ean;
description "Disable protection reversion to working path";

| eaf hold-off-time {

type uint32;
units "mlli-seconds”
defaul t O;

description
"The tinme between the declaration of an SF or SD condition
and the initialization of the protection swtching
al gorithm™";

reference "rfcd427";

|l eaf wait-to-revert {
type uint 16;
uni ts seconds;
description
"Time to wait before attenpting LSP reversion”
reference "rfc4427";
}
| eaf aps-signal-id {
type uint8 {
range "1..255";
}

description
"The APS signal nunber used to reference the traffic of this
tunnel . The default value for normal traffic is 1.
The default value for extra-traffic is 255. If not specified,
non-default val ues can be assigned by the server
if and only if, the server controls both endpoints."”;
ref erence
"ITUT G 808.1";
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}
}

contai ner restoration {

description "Restoration paraneters”;

| eaf enable {
type bool ean;
default 'false’
description

"Aflag to specify if LSP restoration is enabl ed”

reference "rfc4427";

| eaf restoration-type {
type identityref {
base te-types:|sp-restoration-type;

}

description "LSP restoration type.";

| eaf restoration-scheme {
type identityref {
base te-types:restoration-scheme-type;

}

description "LSP restoration schene.";
}
| eaf restoration-reversion-disable {
type bool ean;
description "Disable restoration reversion to working path”

}
| eaf hold-off-time {
type uint32;
units "mlli-seconds”
description
"The tinme between the declaration of an SF or SD condition
and the initialization of the protection swtching
algorithm?";
reference "rfcd427";

|l eaf wait-to-restore {
type uint 16;
units seconds;
description
"Time to wait before attenpting LSP restoration”
reference "rfcd427";

| eaf wait-to-revert {
type uint 16;
units seconds;
description
"Time to wait before attenpting LSP reversion”
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reference "rfcd427";
}
}
}

groupi ng p2p-dependency-tunnels _config {
description
"Groupong for tunnel dependency list of tunnels";
cont ai ner dependency-tunnels {
description "Dependency tunnels list";
i st dependency-tunnel {
key "nane";
description "Dependency tunnel entry";
| eaf nane {
type leafref {
path "../../../../../tunnel s/tunnel/nane";
require-instance fal se;
}

description "Dependency tunnel nane";

| eaf encoding {
type identityref {
base te-types:|sp-encodi ng-types;
}
description "LSP encoding type";
reference "RFC3945";

| eaf switching-type {

type identityref {
base te-types:swi tching-capabilities

}
description "LSP sw tching type";
ref erence " RFC3945"

}

}
}
}

groupi ng tunnel - p2p- parans_confi g {
description
"Configuration paraneters relating to TE tunnel"
| eaf nane {
type string;
description "TE tunnel nane.";

| eaf identifier {

type uint16;
description
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"TE tunnel ldentifier.";
ref erence " RFC3209";

| eaf description {
type string;
description
"Textual description for this TE tunnel"
}
| eaf encoding {
type identityref {
base te-types: | sp-encodi ng-types;
}
description "LSP encoding type";
ref erence "RFC3945";

| eaf switching-type {
type identityref {
base te-types:swi tching-capabilities
}
description "LSP sw tching type";
ref erence "RFC3945"
}
| eaf provisioning-state {
type identityref {
base te-types:tunnel -state-type;
}
default te-types:tunnel -state-up
description "TE tunnel administrative state.";

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

}
| eaf reoptimze-timer {

type uint 16;

units seconds;

description

"frequency of reoptinzation of
a traffic engineered LSP";

}

| eaf source {
type te-types:te-node-id;
description
"TE tunnel source node ID.";
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}

| eaf destination {
type te-types:te-node-id;
description
"TE tunnel destination node |D';

| eaf src-tp-id {
type binary;
description
"TE tunnel source termnation point identifier.";

}
| eaf dst-tp-id {
type binary;
description
"TE tunnel destination term nation point identifier."
}

| eaf bidirectional {
type bool ean;
default 'false’
description "TE tunnel bidirectional"”
}
uses tunnel - p2p-associ ati ons_confi g;
uses protection-restoration-parans_config;
uses te-types:tunnel-constraints_config;
uses p2p-dependency-tunnel s_confi g;
uses hierarchical -1ink

}

groupi ng tunnel - p2p-associ ati ons_config {
description "TE tunnel association groupi ng";
cont ai ner associ ati on-objects {
description "TE tunnel associations"”;
i st associ ation-object {
key "type I D source gl obal -source”
description "List of association base objects";
reference "RFC4872";
| eaf type {
type identityref {
base te-types: association-type;
}
description "Association type";
reference "RFC4872";

}

| eaf 1D {
type uint 16;
description "Association |ID";
reference "RFC4872";

}
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| eaf source {
type inet:ip-address;
description "Association source"
reference "RFC4872";

}

| eaf gl obal -source {
type inet:ip-address;
description "Association global source";
ref erence "RFC4872";

}

}

| i st associ ati on-obj ect-extended {

key "type I D source gl obal -source extended-ID';
description "List of extended association objects";
ref erence "RFC6780"
| eaf type {

type identityref {

base te-types: association-type;
}

description "Association type";

}

leaf 1D {
type uint 16;
description "Association |ID";
reference "RFC4872";

}

| eaf source {
type inet:ip-address;
description "Association source";
}
| eaf gl obal -source {
type inet:ip-address;
description "Association gl obal source”
reference "RFC4872";

}

| eaf extended-1D {
type binary;
description "Association extended |D';
reference "RFC4872";

}

}
}
}

groupi ng tunnel - p2p- parans_state {
description
"State paraneters relating to TE tunnel "
| eaf operational-state {
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type identityref {
base te-types:tunnel -state-type;

default te-types:tunnel-state-up
description "TE tunnel adnministrative state.";

}
}

groupi ng access-segnent-info {
description
"info related to a segnent";
cont ai ner forward {
description
"for the forward direction of this tunnel"
uses te-types:|abel -set-info;
}
cont ai ner reverse {
description
"for the reverse direction of this tunnel"
uses te-types: | abel -set-info;

}
}

groupi ng pat h-access-segnment-info {
description
"If an end-to-end tunnel crosses nultiple domains using
the sane technol ogy, sone additional constraints have to be
taken in consideration in each donain";
cont ai ner path-in-segnent {
presence
"The end-to-end tunnel starts in a previous donain;
this tunnel is a segnment in the current domain."
description
"This tunnel is a segnent that needs to be coordinated
with previous segnent stitched on head-end side.";
uses access-segnent -i nfo;

}
cont ai ner pat h-out - segnent {
presence
"The end-to-end tunnel is not terminated in this domain;
this tunnel is a segnent in the current donain.";
description
"This tunnel is a segnment that needs to be coordinated
with previous segment stitched on head-end side.";
uses access-segnent -i nf o;
}

}
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/* TE tunnel configuration/state grouping */
groupi ng tunnel - p2np- properties {
description
"Top |l evel grouping for P2MP tunnel properties.";
uses tunnel - p2np- parans_confi g;
contai ner state {
config fal se
description
"Configuration applied paraneters and state"”
| eaf operational-state {
type identityref {
base te-types:tunnel -state-type;

default te-types:tunnel -state-up;
description "TE tunnel administrative state.";
}
}
}

groupi ng p2p- pat h-candi dat e- secondary- pat h-config {
description
"Configuration paraneters relating to a secondary path which
is a candidate for a particular primry path";

| eaf secondary-path {
type leafref {
path "../../../../../p2p-secondary-paths/" +
" p2p- secondar y- pat h/ nane";
}

description
"A reference to the secondary path that should be utilised
when the containing primary path option is in use"

}

| eaf path-setup-protocol {
type identityref {
base te-types: pat h-signaling-type
}
description
"Signaling protocol used to set up this tunnel™
}
}

groupi ng p2p-reverse-pat h-candi dat e- secondary- pat h-config {
description
"Configuration paraneters relating to a secondary path which
is a candidate for a particular primry path";
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| eaf secondary-path {
type leafref {
path "../../../../../p2p-secondary-paths/" +
" p2p- secondar y- pat h/ nane";
}

description
"A reference to the secondary path that should be utilised
when the containing primary path option is in use"

}

| eaf path-setup-protocol {
type identityref {
base te-types: path-signaling-type
}
description
"Signaling protocol used to set up this tunnel™
}
}

groupi ng p2p- pat h-candi dat e- secondary-path-state {
description
"Operational state parameters relating to a secondary path
which is a candidate for a particular prinmary path";

| eaf active {
type bool ean;
description
"Indicates the current active path option that has
been sel ected of the candi date secondary paths"
}
}

groupi ng tunnel - p2p-properties {
description
"Top |l evel grouping for tunnel properties.”
uses tunnel - p2p- parans_confi g;
contai ner state {
config fal se
description
"Configuration applied paraneters and state";
uses tunnel - p2p- parans_st at e;
}
cont ai ner p2p-primary-paths {
description "Set of P2P primary aths container";
list p2p-primary-path {
key "nane";
description
"List of primary paths for this tunnel.";
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uses p2p-primary-path-properties;
uses p2p-reverse-primary-path-properties;
cont ai ner candi dat e- p2p- secondary- pat hs {

description
"The set of candi date secondary paths which nmay be used
for this primary path. Wen secondary paths are specified
inthe list the path of the secondary LSP in use nust be
restricted to those path options referenced. The
priority of the secondary paths is specified within the
list. Higher priority values are |less preferred - that is
to say that a path with priority 0 is the nost preferred
path. In the case that the list is enpty, any secondary
path option may be utilised when the current primary path
is in use.";
i st candi dat e- p2p- secondary-path {
key "secondary-path"
description

"Li st of secondary paths for this tunnel.";
uses p2p- pat h- candi dat e- secondar y- pat h-confi g;

contai ner state {
config fal se
description
"Configuration applied parameters and state";
uses p2p- pat h- candi dat e- secondar y- pat h- st at e;

}
}
}
}
cont ai ner p2p-secondary-paths {
description "Set of P2P secondary paths container";
list p2p-secondary-path {
key "nane";
description
"Li st of secondary paths for this tunnel.";
uses p2p-secondary-path-properties;
}

}
}

groupi ng shared-resources-tunnel s_state {
description
"The specific tunnel that is using the shared secondary path
resources";
| eaf |sp-shared-resources-tunnel {
type te:tunnel -ref;
description
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"Reference to the tunnel that sharing secondary path
resources with this tunnel™

}
}

groupi ng shared-resources-tunnel s {
description
"Set of tunnels that share secondary path resources with
this tunnnel ";
cont ai ner shared-resources-tunnel s {
description
"Set of tunnels that share secondary path resources with
this tunnnel";
| eaf -1ist |sp-shared-resources-tunnel {
type te:tunnel -ref;
description
"Reference to the tunnel that sharing secondary path
resources with this tunnel”
}
}
}

groupi ng tunnel -actions {
description "Tunnel actions";
action tunnel -action {
description "Tunnel action";
i nput {
| eaf action-type {
type identityref {
base te-types:tunnel -action-type;

}
description "Tunnel action type";
}
}
out put {
| eaf action-result {
type identityref {
base te-types:te-action-result;
}
description "The result of the RPC operation”;
}
}

}
}

groupi ng tunnel - protection-actions {
description
"Protection external conmand actions";
action protection-external -comands {
i nput {
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| eaf protection-external -conmand {
type identityref {
base te-types: protection-external - conmands;
}
description
"Protection external conmand";

| eaf protection-group-ingress-node-id {
type te-types:te-node-id;
description
"When specified, indicates whether the action is
appl i ed on ingress node.
By default, if neither ingress nor egress node-id
is set, the the action applies to ingress node only."
}
| eaf protection-group-egress-node-id {
type te-types:te-node-id;
description
"When specified, indicates whether the action is
appl i ed on egress node.
By default, if neither ingress nor egress node-id
is set, the the action applies to ingress node only.";
}
| eaf path-ref {
type path-ref;
description
"Indicates to which path the external comrmand applies to."

}
| eaf traffic-type {
type enuneration {
enum normal -traffic {
description
"The manual -switch or forced-swi tch conmand applies to
the nornmal traffic (this Tunnel).";

enumnul | -traffic {
description
"The manual -switch or forced-switch conmand applies to
the null traffic.";
}
enumextra-traffic {
description
"The manual -switch or forced-switch conmand applies to
the extra traffic (the extra-traffic Tunnel sharing
protection bandwidth with this Tunnel).";
}
}

description
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"l ndi cates whet her the nmanual -switch or forced-switch
commands applies to the normal traffic, the null traffic
or the extra-traffic."

ref erence
"ITUT G 808, RFC 4427";

| eaf extra-traffic-tunnel-ref {
type te:tunnel -ref;
description
"In case there are nultiple extra-traffic tunnels sharing
protection bandwidth with this Tunnel (mn protection),
represents which extra-traffic Tunnel the manual -switch or
forced-switch to extra-traffic conmand applies to."

}
}

}
}
/*** End of TE tunnel groupings ***/
/**

* LSP rel ated generic groupings

*/

grouping | sp-record-route-information_state {
description "recorded route information grouping";
cont ai ner | sp-record-route-subobjects {
description "RSVP recorded route object information";
| ist record-route-subobject {
when "../../origin-type = "ingress'" {
description "Applicable on non-ingress LSPs only";
}

key "index";

description "Record route sub-object list";

uses te-types:record-route-subobject _state;
}

}
}

groupi ng | sps-state-grouping {
description
"LSPs state operational data grouping”
contai ner |sps-state {
config fal se
description "TE LSPs state container";
list Isp {
key
"source destination tunnel-id Isp-id "+
"ext ended-tunnel -i d";
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description "List of LSPs associated with the tunnel.";
uses | sp-properties_state;
uses | sp-record-route-information_state,;

}
}
}
[*** End of TE LSP groupings ***/
/**
* TE gl obal generic groupi ngs
*/

/* d obal named adm n-groups configuration data */
groupi ng naned- adni n-groups_config {
description
"d obal naned admini strative groups configuration
groupi ng";
| eaf nane {
type string;
description
"A string name that uniquely identifies a TE
i nterface naned adm n-group”

| eaf bit-position {
type uint32;
description
"Bit position representing the adm nistrative group"
reference "RFC3209 and RFC7308"
}
}
groupi ng named- adm n- groups {
description
"d obal nanmed admini strative groups configuration
groupi ng";
cont ai ner naned- admni n- groups {
description "TE naned admi n groups container";
i st naned-adm n-group {
if-feature te-types: ext ended-adni n- gr oups;
i f-feature te-types: naned- ext ended- adni n- gr oups;
key "nane";
description
"Li st of named TE adni n-groups"”;
uses naned- adni n- groups_confi g;
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/* d obal named admi n-srlgs configuration data */
groupi ng named-srlgs_config {
description
"d obal nanmed SRLGs configuration grouping”
| eaf nane {
type string;
description
"A string nanme that uniquely identifies a TE
interface naned srlg";

}

| eaf group {
type te-types:srlg;
description "An SRLG val ue";

| eaf cost {
type uint32;
description
"SRLG associ ated cost. Used during path to append
the path cost when traversing a link with this SRLG';
}
}

groupi ng named-srlgs {
description
"d obal naned SRLGs configuration grouping"
cont ai ner nanmed-srlgs {
description "TE named SRLGs contai ner";
list naned-srlg {
if-feature te-types: naned-srl g-groups
key "nane";
description
"Alist of named SRLG groups"
uses naned-srlgs_config;
}
}
}

/* d obal named paths constraints configuration data */
groupi ng path-constraints_state {
description
"TE path constraints state";
| eaf bandwi dt h-generic_state {
type te-types:te-bandw dth
description
"A technol ogy agnostic requested bandwi dth to use
for path conputation”;

| eaf disjointness _state {
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type te-types:te-path-disjointness;
description
"The type of resource disjointness.”
}

}

groupi ng pat h-constrai nts-comon_config {
description
"d obal named path constraints configuration
groupi ng";
uses te-types: common-pat h-constraints-attri butes;
uses te-types: generic-pat h-di sj oi nt ness;
uses te-types: pat h-rout e-obj ects;
uses shared-resources-tunnels {
description
"Set of tunnels that are allowed to share secondary path
resources of this tunnel™

uses pat h-access-segnent-info {
description
"Tunnel constraints induced by other segnents.”
}

}

groupi ng path-constraints {

description "Per path constraints";

uses pat h-constraints-comon_confi g;

contai ner state {
config fal se
description

"Configuration applied parameters and state";

uses path-constraints_state;

}
}

groupi ng naned- pat h-constraints {
description
"d obal named path constraints configuration
groupi ng";
cont ai ner naned- path-constraints {
description "TE nanmed path constraints container"”;
i st naned-path-constraint {
if-feature te-types: named- pat h-constraints;
key "nane";
| eaf nane {
type string;
description
"A string nane that uniquely identifies a
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pat h constraint set";

uses path-constraints;
description
"A list of naned path constraints";
}
}
}

/* TE gl obal s contai ner data */
groupi ng gl obal s-groupi ng {
description
"d obals TE systemw de configuration data grouping"
cont ai ner gl obals {
description
"d obal s TE systemw de configuration data container";
uses naned- adni n- groups
uses naned-srl gs
uses naned- pat h-constrai nts;
}
}

/* TE tunnel s container data */
groupi ng tunnel s-groupi ng {
description
"Tunnel s TE configuration data groupi ng"
contai ner tunnels {
description
"Tunnel s TE configuration data container";

list tunnel {
key "nane";
description "P2P TE tunnels list.";
uses tunnel - p2p- properti es;
uses tunnel -actions;
uses tunnel -protection-actions;

list tunnel-p2mp {
key "nane";
uni que "identifier";
description "P2MP TE tunnels list.";
uses tunnel - p2np- properti es;

}

}
}

/* TE LSPs epheneral state container data */
grouping | sp-properties_state {
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description
"LSPs state operational data grouping”
| eaf source {
type inet:ip-address;
description
"Tunnel sender address extracted from
SENDER _TEMPLATE object";
ref erence "RFC3209";

| eaf destination {
type inet:ip-address;
description
"Tunnel endpoint address extracted from
SESSI ON obj ect”;
ref erence "RFC3209"
}
| eaf tunnel-id {
type uint 16;
description
"Tunnel identifier used in the SESSI ON
that remai ns constant over the life
of the tunnel.";
reference "RFC3209";

}
leaf Isp-id {
type uint 16;
description
"Identifier used in the SENDER TEMPLATE
and the FILTER SPEC t hat can be changed
to allow a sender to share resources with
itself.";
reference "RFC3209";

| eaf extended-tunnel-id {
type inet:ip-address;
description
"Ext ended Tunnel ID of the LSP.";
reference "RFC3209";
}
| eaf operational-state {
type identityref {
base te-types:|sp-state-type
}

description "LSP operational state.";
| eaf path-setup-protocol {

type identityref {
base te-types: path-signaling-type
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}

description
"Signaling protocol used to set up this tunnel™;
}

| eaf origin-type {
type enuneration {
enum i ngress {
description
"Origin ingress”;
}

enum egress {
description
"Origin egress”;
}

enumtransit {
description
"transit";
}
}

description
"Origin type of LSP relative to the | ocation
of the local switch in the path.";

}

| eaf |sp-resource-status {
type enuneration {
enum primary {
description
"Aprimry LSP is a fully established LSP for
whi ch the resource allocation has been conmmitted
at the data plane";
}
enum secondary {
description
"A secondary LSP is an LSP that has been provisioned
in the control plane only; e.g. resource allocation
has not been conmitted at the data plane";
}
}
description "LSP resource allocation type";
reference "rfc4872, section 4.2.1";

}
uses protect i on-restoration- par ans_st at e;

}
[*** End of TE gl obal groupings ***/

/**
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* TE configurations container
*/
container te {
presence "Enable TE feature.";
description
"TE gl obal container.";

/* TE d obal Configuration Data */
uses gl obal s-groupi ng;

/* TE Tunnel Configuration Data */
uses tunnel s-groupi ng;

[* TE LSPs State Data */
uses | sps- st at e-groupi ng;

}

/* TE d obal RPCs/execution Data */
rpc gl obal s-rpc {
description
"Execution data for TE gl obal.";

}

/* TE interfaces RPCs/execution Data */
rpc interfaces-rpc {
description
"Execution data for TE interfaces.”

}

/* TE Tunnel RPCs/execution Data */
rpc tunnel s-rpc {
description "TE tunnels RPC nodes”
i nput {
contai ner tunnel-info {
description "Tunnel ldentification";
choi ce type {
description "Tunnel information type";
case tunnel -p2p {
| eaf p2p-id {
type te:tunnel -ref;
description "P2P TE tunnel "
}
}
case tunnel -p2np {
| eaf p2np-id {
type te:tunnel - p2np-ref;
description "P2MP TE tunnel "
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}
}
}
}
}
out put {
contai ner result {
description
"The container result of the RPC operation”;
| eaf result {
type enuneration {
enum success {
description "Origin ingress”;
}
enum i n- progress {
description "Origin egress”

enum fail {
description "transit";
}
}

description "The result of the RPC operation”;
}
}
}
}

/* TE d obal Notification Data */
notification globals-notif {
description
"Notification nessages for d obal TE "

}
/* TE Tunnel Notification Data */
notification tunnels-notif {

description
"Notification nessages for TE tunnels.";

}
}
<CODE ENDS>

Fi gure 8: TE generic YANG nodul e

<CODE BEG@ NS> file "ietf-te-device@018-02-15. yang"
nmodul e ietf-te-device {

nanespace "urn:ietf:parans: xm:ns:yang:ietf-te-device"
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/* Replace w th | ANA when assigned */
prefix "te-dev";

/* Inport TE generic types */
inmport ietf-te {
prefix te;

}

/* Inmport TE generic types */

inmport ietf-te-types {
prefix te-types;

}

inmport ietf-interfaces {
prefix if;

}

inmport ietf-inet-types {
prefix inet;

}

import ietf-routing-types {
prefix "rt-types";
}

organi zati on

July 2018

"I ETF Traffic Engineering Architecture and Signaling (TEAS)

Wor ki ng Group”;

cont act

"W Web: <http://tools.ietf.org/ wy/teas/>

WG List: <mailto:teas@etf.org>

WG Chair: Lou Berger
<mai | t 0: | ber ger @ abn. net >

WG Chair: Vishnu Pavan Beeram
<mai | t o: vbeer am@ uni per. net >

Edi t or: Tar ek Saad
<mui | to: t saad@i sco. con®

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

Edi t or: Vi shnu Pavan Beeram
<mai | t 0: vbeer am@ uni per. net >
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Edi t or: H manshu Shah
<muai | t o: hshah@i ena. con»

Edi t or: Xufeng Liu
<mai | t 0: xuf eng. | i u@ri csson. conp

Edi t or: Xi a Chen
<mai | t 0: j esci a. chenxi a@uawei . con>

Edi t or: Raqi b Jones
<mai | t 0: raqi b@r ocade. conp

Edi t or: Bi n Wn
<mai | t o: Bi n_Wen@abl e. contast. conp";

description
"YANG data nodul e for TE devi ce configurations,
state, RPC and notifications.";

revision "2018-02-15" {
description "Latest update to TE devi ce YANG nodul e. "
reference "TBA";

}

/**
* TE LSP device state grouping
*/
groupi ng | sps-device_state {
description "TE LSP device state grouping";
contai ner Isp-tinmers {
when "../te:origin-type = 'ingress'" {
description "Applicable to ingress LSPs only";
}

description "lngress LSP tiners";
leaf life-tine {
type uint32;
uni ts seconds;
description
"Isp life time";

}

| eaf tine-to-install {
type uint32;
units seconds;
description
"I sp installation delay tine";
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| eaf tine-to-destroy {
type uint32;
units seconds;
description
"I sp expiration delay tine";
}

}

cont ai ner downstreaminfo {
when "../te:origin-type != "egress'" {
description "Applicable to ingress LSPs only";
}
description
"downstream i nformation";

| eaf nhop {
type inet:ip-address;
description
"downst r eam next hop. ";
}

| eaf outgoing-interface {
type if:interface-ref;
description
"downstreaminterface.";
}

| eaf nei ghbor {
type inet:ip-address;
description
"downst r eam nei ghbor.";
}

| eaf |abel {
type rt-types: generalized-I| abel
description
"downstream | abel . ";
}

}

contai ner upstreaminfo {
when "../te:origin-type !="ingress'" {
description "Applicable to non-ingress LSPs only";

}

description
"upstream i nformation";

| eaf phop {
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type inet:ip-address;
description
"upst ream next hop or previous-hop."
}

| eaf nei ghbor {
type inet:ip-address;
description
"upst ream nei ghbor . ";
}

| eaf |abel {
type rt-types: generalized-1 abel
description
"upstream | abel .";
}

}
}
/**
* Devi ce general groupings.
*/
groupi ng tunnel -device_config {
description "Device TE tunnel configs";
| eaf path-invalidation-action {
type identityref {
base te-types: path-invalidation-action-type;
}
description "Tunnel path invalidtion action";
}
}

groupi ng | sp-device-tiners_config {
description "Device TE LSP tinmers configs";
| eaf Isp-install-interval {
type uint32;
units seconds;
description
"I sp installation delay tinme";

| eaf |sp-cleanup-interval {
type uint32;
units seconds;
description
"l sp cl eanup delay tinme";

| eaf Isp-invalidation-interval {
type uint32;
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units seconds;
description
"l sp path invalidation before taking action delay tine";

}

groupi ng | sp-device-tiners {
description "TE LSP tiners configuration”
uses | sp-device-tiners_config;

}
/**

* TE gl obal device generic groupings
*/

/* TE interface container data */
groupi ng interfaces-grouping {
description
"Interface TE configuration data grouping"
contai ner interfaces {
description
"Configuration data nodel for TE interfaces.";
uses te-all-attributes;
list interface {
key "interface";
description "TE interfaces.";
| eaf interface {
type if:interface-ref;
description
"TE interface nane.";
}

/[* TE interface paraneters */
uses te-attributes;
}
}
}
/**
* TE interface device generic groupings
*/
groupi ng te-adm n-groups_config {
description
"TE interface affinities grouping";
choi ce adm n-group-type {
description
"TE interface adm nistrative groups
representation type";
case val ue-admi n-groups {
choi ce val ue-adm n-group-type {
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description "choice of adnin-groups"”;
case admi n-groups {
description
"Admi ni strative group/ Resource
class/ Color.";
| eaf adm n-group {
type te-types: adm n-group;
description
"TE interface adm nistrative group";
}

}

case extended- admi n-groups {
if-feature te-types: extended-adni n-groups;
description
"Ext ended adnini strative group/ Resource
class/ Col or.";
| eaf extended-adm n-group {
type te-types: ext ended- adni n- group;
description
"TE interface extended adm nistrativei

group";

}
}
}

case naned- admi n- groups {
i st naned-adm n-groups {
if-feature te-types: extended-adni n-groups;
i f-feature te-types: naned- ext ended- adni n- gr oups;
key named- adni n-group
description
"Alist of named adm n-group entries"
| eaf naned-adm n-group {
type leafref {
path "../../../../te:globals/" +
"t e: naned- adni n- groups/ t e: nanmed- admi n- group/ " +
"te:nane";
}

description "A naned admi n-group entry";

/* TE interface SRLGs */
grouping te-srlgs_config {
description "TE interface SRLG groupi ng";
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choice srlg-type {
description "Choice of SRLG configuration";
case val ue-srlgs {
list values {
key "val ue";
description "List of SRLG val ues that
this link is part of.";
| eaf val ue {
type uint32 {
range "0..4294967295";
}

description
"Val ue of the SRLG';
}

}
}

case naned-srlgs {
list naned-srlgs {
if-feature te-types: naned-srl g-groups
key naned-srl g;
description
"Alist of named SRLG entries"
| eaf naned-srlg {
type leafref {
path "../../../../te:globals/" +
"te:naned-srl gs/te: named-srl g/te: nane";
}

description
"A naned SRLG entry"

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

et al. Expi res January 2, 2019

July 2018

[ Page 146]



Internet-Draft TE YANG Dat a Mbdel July 2018

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

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

}

| eaf delta-percentage {
when "../threshol d-type = *DELTA " {
description
"The percentage delta can only be specified when the
threshold type is specified to be a percentage delta of
the reserved bandw dt h";
}
type te-types: percentage;
description
"The percentage of the maxi numreservabl e- bandwi dt h
considered as the delta that results in an | GP update
bei ng fl ooded";
}
| eaf threshol d-specification {
when "../threshol d-type = ' THRESHOLD CROSSED " {
description
"The sel ection of whether mirrored or separate threshold

val ues are to be used requires user specified thresholds to
be set”;

}
type enuneration {
enum M RRORED_UP_DOWN {
description

"M RRORED_UP_DOWN i ndi cates that a single set of
t hreshol d val ues should be used for both increasing
and decreasi ng bandwi dth when det erm ni ng whet her
to trigger updated bandw dth val ues to be fl ooded
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in the | GP TE extensions.";

}
enum SEPARATE_UP_DOM {
description
" SEPARATE_UP_DOWN i ndi cates that a separate
t hreshol d val ues should be used for the increasing
and decreasi ng bandw dt h when det erni ni ng whet her
to trigger updated bandw dth val ues to be fl ooded
in the |G TE extensions."”
}
}
description
"Thi s val ue specifies whether a single set of threshold
val ues shoul d be used for both increasing and decreasing
bandwi dt h when determ ning whether to trigger updated
bandwi dt h values to be flooded in the | GP TE extensions.
M RRORED- UP- DOWN i ndi cates that a single value (or set of
val ues) should be used for both increasing and decreasing
val ues, where SEPARATE- UP- DOMN specifies that the increasing
and decreasing values will be separately specified"

}

| eaf-1ist up-thresholds {
when "../threshol d-type = ' THRESHOLD_CROSSED " +
"and ../threshol d-specification = ' SEPARATE _UP_DOMW " ({
description
"A list of up-thresholds can only be specified when the
bandwi dth update is triggered based on crossing a
threshol d and separate up and down threshol ds are
required";
}
type te-types: percent age;
description
"The threshol ds (expressed as a percentage of the maxi num
reservabl e bandwi dth) at which bandwi dth updates are to be
triggered when the bandwidth is increasing."

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

| eaf-1ist up-down-threshol ds {
when "../threshol d-type =’ THRESHOLD CROSSED " +
"and ../threshol d-specification =’ M RRORED _UP_DOMW " ({
description
"A list of thresholds corresponding to both increasing
and decreasi ng bandwi dt hs can be specified only when an
update is triggered based on crossing a threshold, and
the sane up and down thresholds are required."
}
type te-types: percentage;
description
"The thresholds (expressed as a percentage of the maxi mum
reservabl e bandwi dth of the interface) at which bandw dth
updates are fl ooded - used both when the bandwi dth is
i ncreasing and decr easi ng"
}
}

/* TE interface metric */
grouping te-netric_config {
description "Interface TE nmetric groupi ng"
leaf te-nmetric {
type te-types:te-netric;
description "Interface TE netric.";
}
}

/* TE interface switching capabilities */
groupi ng te-sw tching-cap_config {
description
"TE interface switching capabilities";
list switching-capabilities {
key "swi tching-capability";
description
"List of interface capabilities for this interface";
| eaf switching-capability {
type identityref {
base te-types:sw tching-capabilities;
}

description
"Switching Capability for this interface"
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| eaf encoding {
type identityref {
base te-types: | sp-encodi ng-types;
}

description
"Encodi ng supported by this interface";
}

}
}

groupi ng te-advertisenents_state {
description
"TE interface advertisements state grouping";
contai ner te-advertisenents_state {
description
"TE interface advertisenents state container";
| eaf flood-interval {
type uint32;
description
"The periodic flooding interval"”

| eaf last-flooded-tine {
type uint32;
units seconds;
description
"Time el apsed since last flooding in seconds”

| eaf next-flooded-tine {
type uint32;
units seconds;
description
"Time remai ned for next flooding in seconds"”

}
| eaf | ast-flooded-trigger {
type enuneration {
enum | i nk-up {
description "Link-up flooding trigger";

enum | i nk-down {
description "Link-up flooding trigger";
}

enum t hr eshol d-up {
description
"Bandwi dth reservation up threshol d";

enum t hr eshol d- down {

description
"Bandwi dt h reservati on down threshol d";
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}

enum bandwi dt h- change {
description "Banw dth capacity change”
}

enum user-initiated {
description "lInitiated by user";
}

enum srl g- change {
description "SRLG property change”
}

enum periodic-tiner {
description "Periodic timer expired";
}

}

description "Trigger for the last flood"
}
|ist advertized-1level -areas {
key | evel -area
description
"List of areas the TE interface is advertised

in";
| eaf | evel-area {
type uint32;

description
"The | GP area or |evel where the TE
interface state is advertised in";

}
}
}
}

/* TE interface attributes grouping */
grouping te-attributes {
description "TE attributes configuration grouping";
uses te-netric_config;
uses te-adm n-groups_config;
uses te-srlgs_config;
uses te-igp-floodi ng-bandw dt h_confi g;
uses te-switching-cap_config;
contai ner state {
config fal se
description
"State paraneters for interface TE netric";
uses te-advertisenents_state;
}
}

grouping te-all-attributes {

Saad, et al. Expi res January 2, 2019 [ Page 151]



Internet-Draft TE YANG Dat a Mbdel July 2018

description
"TE attributes configuration grouping for al
interfaces"”;
uses te-igp-floodi ng-bandw dth_config;

[*** End of TE interfaces device groupings ***/

/**

* TE devi ce augnentations

*/

augrment "/te:te" {
description "TE gl obal container.";
/* TE Interface Configuration Data */
uses i nterfaces-grouping;

}

/* TE gl obal s devi ce augnentation */
augrment "/te:tel/te:globals" {
description
"d obal TE device specific configuration paraneters”
uses | sp-device-tiners;

}

/* TE tunnel s device configuration augnentation */
augment "/te:te/te:tunnels/te:tunnel" {
description
"Tunnel devi ce dependent augnentation”
uses | sp-device-tiners_config;
}
augnent "/te:te/te:tunnels/te:tunnel/te:state" {
description
"Tunnel devi ce dependent augnentation”;
uses | sp-device-tiners_config;

}

/* TE LSPs device state augnentation */
augment "/te:te/te:lsps-state/te:lsp" {
description
"LSP devi ce dependent augnentation”
uses | sps-device_state;

}

augrment "/te:te/te:tunnels/te:tunnel/te: p2p-secondary-paths" +
"/te:p2p-secondary-path/te:state/te:lsps/te:lsp" {
description

"LSP devi ce dependent augnentation”
uses | sps-device_state;
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}

augnment "/te:te/te:tunnels/te:tunnel/te: p2p-primary-paths” +
"/te:p2p-primary-path/te:state/te:lsps/te:lsp" {
description

"LSP devi ce dependent augnentation"
uses | sps-device_state;

}

/* TE interfaces RPCs/execution Data */
rpc interfaces-rpc {
description
"Execution data for TE interfaces."”
}

/* TE Interfaces Notification Data */
notification interfaces-notif {
description
"Notification nessages for TE interfaces.";
}

}
<CODE ENDS>

Figure 9: TE MPLS specific types YANG nodul e

<CODE BEG@ NS> file "ietf-te-npl s@018-02-15. yang"
modul e ietf-te-npls {

nanespace "urn:ietf:parans: xn:ns:yang:ietf-te-npls";

/* Replace w th | ANA when assigned */
prefix "te-npls";

/[* Inmport TE base nodel */
inmport ietf-te {

prefix te;
}

/[* Import TE MPLS types */
import ietf-te-npls-types {
prefix "te-npls-types"

}

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

prefix te-types;
}
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/* Import routing types */
import ietf-routing-types {
prefix "rt-types”

}

import ietf-npls-static {
prefix npls-static;

inmport ietf-inet-types {
prefix inet;

}

organi zati on

"I ETF Traffic Engineering Architecture and Signaling (TEAS)
Wor ki ng Group”;

cont act

"WG Web:

WG Li st:

WG Chai r:

WG Chai r:

Edi t or:

Edi t or:

Edi t or:

Edi t or:

Edi t or:

Edi t or:

Edi t or:

Saad, et al.

<http://tools.ietf.org/ wy/teas/>
<mailto:teas@etf.org>

Lou Berger
<mai | t 0: | ber ger @ abn. net >

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

Tar ek Saad
<mui | to: t saad@i sco. con®

Rakesh Gandh
<mai | t o: r gandhi @i sco. con

Vi shnu Pavan Beeram
<mai | t 0: vbeer am@ uni per. net >

H manshu Shah
<muai | t o: hshah@i ena. con®

Xufeng Liu
<mai | t 0: xuf eng. | i u@ri csson. conr

Xi a Chen
<mai | t 0: j esci a. chenxi a@uawei . con>

Raqi b Jones
<mai | t 0: raqi b@r ocade. conp
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Edi t or: Bi n Wn
<mai | t o: Bi n_Wen@abl e. contast. conp";

description
"YANG data nodul e for MPLS TE configurations
state, RPC and notifications.";

revision "2018-02-15" {
description "Latest update to MPLS TE YANG nodul e.”
reference "TBD";

}
/* MPLS TE tunnel properties*/

groupi ng tunnel -igp-shortcut_config {
description "TE tunnel |1GP shortcut configs";
| eaf shortcut-eligible {
type bool ean;
default "true";
description
"Whet her this LSP is considered to be eligible for us as a
shortcut in the IGP. In the case that this leaf is set to
true, the I GP SPF cal cul ation uses the netric specified to
determi ne whether traffic should be carried over this LSP";

| eaf metric-type {
type identityref {
base te-types: LSP_METRI C TYPE

}
default te-types: LSP_METRI C_| NHERI TED;
description
"The type of metric specification that should be used to set
the LSP(s) netric";
}
| eaf nmetric {
type int32;
description
"The value of the metric that should be specified. The val ue
supplied in this leaf is used in conjunction with the metric
type to determine the value of the nmetric used by the system
Where the nmetric-type is set to LSP_METRI C ABSCLUTE - the
value of this leaf is used directly; where it is set to
LSP_METRI C_RELATI VE, the relevant (positive or negative)
offset is used to fornmulate the netric; where netric-type
is LSP_VMETRI C | NHERI TED, the value of this leaf is not
utilised";

leaf-list routing-afs {
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type inet:ip-version;
description
"Address families";
}
}

groupi ng tunnel -i gp-shortcuts {
description
"TE tunnel |GP shortcut grouping”;
contai ner tunnel -igp-shortcut {
description
"Tunnel |GP shortcut properties"
uses tunnel -i gp-shortcut_config;
}
}

groupi ng tunnel -forwardi ng-adj acency_configs {
description "Tunnel forwardi ng adjacency grouping";
| eaf binding-Iabel {
type rt-types: npl s-1 abel
description "MPLS tunnel binding | abel”;

| eaf | oad-share {
type uint32 {
range "1..4294967295";
}
description "ECMP tunnel forwarding
| oad-share factor.";

| eaf policy-class {
type uint8 {
range "1..7";
}
description
"The cl ass associated with this tunnel”
}
}

groupi ng tunnel -forwardi ng- adj acency {
description "Properties for using tunnel in forwarding.";
contai ner forwarding {
description
"Tunnel forwarding properties container";
uses tunnel - forwardi ng- adj acency_confi gs;
}
}

[*** End of MPLS TE tunnel configuration/state */
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groupi ng te-Isp-auto-bandw dth_config {
description
"Configuration paraneters related to aut obandw dth";

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

| eaf m n-bw {
type te-npls-types: bandw dt h- kbps;
description
"set the m ni mrum bandwi dth in Kbps for an
aut o- bandwi dt h LSP";

}

| eaf max-bw {
type te-npls-types: bandw dt h- kbps;
description
"set the nmaxi mum bandwi dth in Kbps for an
aut o- bandwi dt h LSP";

}

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

}

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

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

}
}

grouping te-Isp-overflow config {
description
"configuration for npls |sp bandwi dth
overfl ow adj ust ment";
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| eaf enabled {
type bool ean;
default false
description
"enabl es npls | sp bandwi dth overfl ow
adj ustnent on the Isp";

}

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

}

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

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

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

}

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

}

| eaf trigger-event-count {
type uint 16;
description
"nunmber of consecutive underflow sanple

Saad, et al. Expi res January 2, 2019 [ Page 158]



Internet-Draft TE YANG Dat a Mbdel July 2018

events needed to trigger an underflow adjustnment"”;

}
}

groupi ng te-tunnel -bandw dth _config {
description
"Configuration parameters related to bandwidth for a tunnel";

| eaf specification-type {
type te-npl s-types:te-bandw dth-type;
def aul t SPECI FI ED;
description
"The met hod used for settign the bandw dth, either explicitly
speci fied or configured";

}

| eaf set-bandwi dth {
when "../specification-type = 'SPECIFIED " {
description
"The bandwi dth val ue when bandwi dth is explicitly
speci fied";
}
type te-npls-types: bandw dt h- kbps;
description
"set bandwi dth explicitly, e.g., using
offline cal culation";
}
| eaf class-type {
type te-types:te-ds-class;
description
"The O ass-Type of traffic transported by the LSP.";
reference "RFC4124: section-4.3.1";

}
}

groupi ng te-tunnel -bandw dth_state {
description
"Operational state parameters relating to bandwidth for a tunnel"”;

| eaf signal ed-bandw dth {

type te-npls-types: bandw dt h- kbps;

description
"The currently signal ed bandwi dth of the LSP. In the case where
the bandwidth is specified explicitly, then this will match the
val ue of the set-bandwidth leaf; in cases where the bandwidth is
dynami cal |y conputed by the system the current value of the
bandwi dt h shoul d be reflected.";
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groupi ng tunnel - bandwi dth_top {
description
"Top | evel grouping for specifying bandwi dth for a tunnel";

cont ai ner bandwi dt h-npl s {
description
"Bandwi dth configuration for TE LSPs";

uses te-tunnel - bandw dt h_confi g;

contai ner state {
config fal se;
description
"State paraneters related to bandw dth
configuration of TE tunnels”;
uses te-tunnel -bandw dth_st at e;

}

cont ai ner aut o- bandwi dth {
when "../specification-type =" AUTO " {
description
"“I'nclude this container for auto bandw dth
specific configuration";
}
description
"Paraneters related to auto-bandw dth";

uses te-|sp-auto-bandw dth_confi g;

cont ai ner overflow {
description
"configuration of MPLS overfl ow bandw dth
adj ustenment for the LSP";

uses te-lsp-overflow config;

}

cont ai ner underfl ow {
description
"configuration of MPLS underfl ow bandwi dth
adj ustenent for the LSP";

uses te-Isp-underflow config;
}
}
}
}
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groupi ng te-path-bandw dth_top {
description
"Top | evel grouping for specifying bandwi dth for a TE path”

cont ai ner bandwi dth {
description
"Bandwi dth configuration for TE LSPs";

uses te-tunnel - bandw dt h_confi g;
contai ner state {
config fal se
description
"State paraneters related to bandw dth
configuration of TE tunnels";
uses te-tunnel - bandw dt h_st at e;
}
}
}

/**

* MPLS TE augnent ations
*/

/* MPLS TE tunnel augnentations */
augnment "/te:te/te:tunnels/te:tunnel” {
description "MPLS TE tunnel config augnentations"”;
uses tunnel -i gp-shortcuts;
uses tunnel - forwardi ng- adj acency;
uses tunnel - bandw dth_t op

}

/* MPLS TE LSPs augnentations */
augrment "/te:te/te:tunnels/te:tunnel/" +
"te:p2p-primary-paths/te: p2p-pri mary-path" {
when "/te:te/te:tunnels/te:tunnel" +
"/te:p2p-primary-paths/te: p2p-primary-path" +
"/te:path-setup-protocol = 'te-types:path-setup-static’ " {
description
"When the path is statically provisioned"
}
description "MPLS TE LSP augnentation";
| eaf static-Ilsp-name {
type npls-static:static-I|sp-ref;
description "Static LSP nane";
}
}
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augrment "/te:te/te:tunnels/te:tunnel/" +
"te:p2p-primary-paths/te: p2p-primary-path/" +
"te:state" {

description "MPLS TE LSP augnentati on";
| eaf static-I|sp-name {
type npls-static:static-I|sp-ref;
description "Static LSP nane";

}

augnment "/te:te/te:tunnels/te:tunnel/" +
"t e: p2p-secondary-pat hs/te: p2p-secondary-path" {
when "/te:te/te:tunnels/te:tunnel" +
"/te: p2p-secondary-pat hs/te: p2p-secondary-path/" +
"te:path-setup-protocol = 'te-types: path-setup-static’" {
description
"When the path is statically provisioned"
}
description "MPLS TE LSP augnentation";
| eaf static-Ilsp-name {
type npls-static:static-Ilsp-ref;
description "Static LSP nane";
}
}

augrment "/te:te/te:tunnels/te:tunnel/" +
"te: p2p-secondary-pat hs/te: p2p-secondary-path/" +
"te:state" {
description "MPLS TE LSP augnentati on";
| eaf static-I|sp-name {
type npls-static:static-I|sp-ref;
description "Static LSP nane";
}
}

augnment "/te:tel/te: gl obal s/te: naned-pat h-constraints/" +
"t e: naned- pat h-constraint" {

description "foo";
uses te-path-bandw dth_top

}
}
<CODE ENDS>

Fi gure 10: TE MPLS YANG nodul e

<CODE BEG@ NS> file "ietf-te-npls-types@018-02-15. yang"
modul e ietf-te-npls-types {

nanespace "urn:ietf:parans:xm:ns:yang:ietf-te-npls-types"
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/* Replace w th | ANA when assigned */
prefix "te-npls-types";

organi zati on
"I ETF TEAS Worki ng G oup";

contact "Fill ne";

description
"This nodul e contains a collection of generally
useful TE specific YANG data type defintions.";

revision "2018-02-15" {
description "Latest revision of TE MPLS types"”;
reference "RFC3209"

}

i dentity backup-protection-type {
description
"Base identity for backup protection type"
}

i dentity backup-protection-link {
base backup-protection-type;
description
"backup provides link protection only";
}

i dentity backup-protection-node-link {
base backup-protection-type;
description

}

identity bc-nodel -type {
description
"Base identity for Diffserv-TE bandw dth constraint
nmodel type";

"backup offers node (preferred) or link protection”

}

i dentity bc-nodel -rdm{
base bc-nodel -type
description
"Russian Dol |l bandw dth constraint nodel type.";
}

i dentity bc-nodel - mam {
base bc-nodel -type
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description
"Maxi mum Al | ocati on bandw dth constrai nt
nmodel type.";

}

identity bc-nodel -mar {
base bc-nodel -type
description
"Maxi mum Al | ocation with Reservation
bandwi dt h constrai nt nodel type.";

}

typedef bandw dt h- kbps {
type uint 64;
units "Kbps";

description
"Bandw dt h val ues expressed in kilobits per second”

}

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

description
"Bandwi dt h val ues expressed in negabits per second”

}

typedef bandw dt h- gbps {
type uint 64;
units "Ghps";

description
"Bandw dt h val ues expressed in gigabits per second”
}

typedef te-bandw dth-type {
type enuneration {
enum SPECI FI ED {
description
"Bandwi dth is explicitly specified";

}
enum AUTO {
description
"Bandwi dth is automatically conputed";
}
}

description
"enunerated type for specifying whether bandwidth is
explicitly specified or automatically conputed";
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typedef bfd-type {
type enuneration {
enum cl assi cal {
description "BFD cl assical session type.";
}
enum seamnl ess {
description "BFD seamn ess session type.";

}

default "classical"
description
"Type of BFD session"

}

typedef bfd-encap-node-type {
type enuneration {
enum gal {
description
"BFD with GAL node";
}

enumip {
description
"BFD with | P node";
}

default ip;

description
"Possi bl e BFD transport nodes when running over TE
LSPs. ";

}
}
<CODE ENDS>
Figure 11: TE MPLS types YANG nodul e

<CODE BEG NS> file "ietf-te-sr-npl s@018-02-15. yang"
modul e ietf-te-sr-npls {

nanespace "urn:ietf:parans: xm :ns:yang:ietf-te-sr-npls”

/* Replace with | ANA when assi gned */
prefix "te-sr-npls";

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

}
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/* Inmport TE generic types */

inmport ietf-te-types {
prefix te-types;

}

organi zati on
"I ETF Traffic Engineering Architecture and Signaling (TEAS)
Wor ki ng Group”;

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

WG Chair: Lou Berger
<mai | t o: | ber ger @ abn. net >

WG Chair: Vishnu Pavan Beer am
<mai | t o: vbeer am@ uni per. net >

Edi t or: Tar ek Saad
<mai | to: t saad@i sco. conp

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

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

Edi t or: H manshu Shah
<mai | t o: hshah@i ena. conp

Edi t or: Xufeng Liu
<mai | t o: xuf eng. | i u@ri csson. cone

Edi t or: Xi a Chen
<mai | t 0: j esci a. chenxi a@uawei . con

Edi t or: Raqi b Jones
<mai | t o: raqi b@r ocade. con

Edi t or: Bin Wen
<mai | t 0: Bi n_Wen@abl e. contast. com>";

description
"YANG data nmodul e for MPLS TE configurations,
state, RPC and notifications.";

revision "2018-02-15" {
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description "Latest update to MPLS TE YANG nodul e.";
reference "TBD';

}

identity sr-protection-type {
description
"The Adj-SID base protection types";
}

identity sr-protection-type-protected {
base sr-protection-type;
description
"The Adj-SIDis eligible if protected";
}

identity sr-protection-type-unprotected {
base sr-protection-type;
description
"The Adj-SIDis eligible if unprotected”;
}

identity sr-protection-type-any {
base sr-protection-type;
description
"The Adj-SIDis eligible if protected or unprotected”;
}

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

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

}
}

description "SID sel ecti on node type";

}

/* MPLS SR-TE tunnel properties*/

groupi ng tunnel -sr-npl s-properties_config {
description "MPLS TE SR tunnel properties”;
| eaf path-signaling-type {
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type identityref {
base te-types: pat h-signaling-type
}
description "TE tunnel path signaling type";
}
}

groupi ng te-sr-naned-path-constraints_config {
description
"Configuration paraneters relating to SR-TE LSPs";

| eaf sid-selection-node {
type te-sid-sel ection-node
default M XED MODE;
description
"The restrictions placed on the SIDs to be selected by the
calculation nethod for the explicit path when it is
instantiated for a SR-TE LSP"

}

| eaf sid-protection {
type identityref {
base sr-protection-type;

default sr-protection-type-any;
description
"When set to protected only SIDs that are
protected are to be selected by the cal cul ati ng net hod
when the explicit path is instantiated by a SR-TE LSP.";
}
}

groupi ng te-sr-naned-path-constraints {
description "Named TE SR path constraints groupi ng";
uses te-sr-named- path-constraints_config;

}
[*** End of MPLS SR-TE tunnel configuration/state */

/**
* MPLS TE augnentations
*/
augrment "/te:tel/te: gl obal s/te: nanmed- pat h-constraints" +
"/te:named- pat h-constraint" {
description
"Augnentations for MPLS SR-TE config naned constraints";
uses te-sr-naned- pat h-constraints;

}
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/* MPLS TE tunnel augnentations */
/* MPLS TE LSPs augnentations */
}<CCDE ENDS>
Figure 12: SR TE MPLS YANG nodul e
5. | ANA Consi der ati ons
This docunent registers the following URIs in the | ETF XM. registry
[ RFC3688]. Following the format in [ RFC3688], the follow ng

registration is requested to be made.

URI: urn:ietf:parans:xm:ns:yang:ietf-te XM.: N A, the requested UR
is an XM. nanespace.

URI: urn:ietf:parans:xm:ns:yang:ietf-te-device XM.: N A, the
requested URI is an XM. namespace.

URI: urn:ietf:parans: xm:ns:yang:ietf-te-npls XM.: N A, the requested
URI is an XM. nanespace.

URI: urn:ietf:params:xm:ns:yang:ietf-te-sr-npls XM.: N A the
requested URI is an XM. namespace.

URI: urn:ietf:parans:xm:ns:yang:ietf-te-types XM.: N A, the
requested URI is an XM. nanmespace.

URI: urn:ietf:parans:xm:ns:yang:ietf-te-nmpls-types XM.: N A the
requested URI is an XM. namespace.

Thi s docunment registers a YANG nodul e in the YANG Mbdul e Nanes
registry [ RFC6020].

name: ietf-te namespace: urn:ietf:params:xm:ns:yang:ietf-te prefix:
ietf-te reference: RFC3209

nane: ietf-te-device nanespace: urn:ietf:paranms: xm:ns:yang:ietf-te
prefix: ietf-te-device reference: RFC3209

nane: ietf-te-npls namespace: urn:ietf:params: xnm:ns:yang:ietf-te-
mpls prefix: ietf-te-npls reference: RFC3209

nane: ietf-te-sr-npls nanmespace: urn:ietf:parans: xm:ns:yang:ietf-te-
sr-npls prefix: ietf-te-sr-npls
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name: ietf-te-types namespace: urn:ietf:paranms:xm:ns:yang:ietf-te-
types prefix: ietf-te-types reference: RFC3209

nane: ietf-te-npls-types nanmespace: urn:ietf:parans:xm:ns:yang:ietf-
te-npl s-types prefix: ietf-te-npls-types reference: RFC3209

6. Security Considerations

The YANG nodul e defined in this neno is designed to be accessed via
the NETCONF protocol [RFC6241]. The |owest NETCONF | ayer is the
secure transport |ayer and the nmandatory-to-inpl enment secure
transport is SSH [ RFC6242]. The NETCONF access control nodel

[ RFC8341] provides neans to restrict access for particul ar NETCONF

users to a pre-configured subset of all availabl e NETCONF protoco
operations and content.

There are a nunber of data nodes defined in the YANG nodul e which are
writable/creatable/deletable (i.e., config true, which is the
default). These data nodes may be considered sensitive or vul nerable
in some network environnents. Wite operations (e.g., <edit-config>)
to these data nodes w thout proper protection can have a negative

ef fect on network operations. Followi ng are the subtrees and data
nodes and their sensitivity/vulnerability:

"/telglobals": This nmodul e specifies the global TE configurations on
a device. Unauthorized access to this container could cause the
device to ignore packets it should receive and process.

"/teltunnels": This list specifies the configured TE tunnels on a
devi ce. Unauthorized access to this list could cause the device to
i gnore packets it should receive and process.

"/tellsps-state": This list specifies the state derived LSPs.
Unaut hori zed access to this list could cause the device to ignore
packets it should receive and process.
"/telinterfaces": This list specifies the configured TE interfaces on
a device. Unauthorized access to this list could cause the device to
i gnore packets it should receive and process.
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