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Abstr act
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Status of This Meno

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

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute

wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

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

This Internet-Draft will expire on April 24, 2014.
Copyright Notice

Copyright (c) 2013 | ETF Trust and the persons identified as the
docunment authors. All rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’s Legal
Provisions Relating to | ETF Documents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with respect

Clemm et al. Expires April 24, 2014 [ Page 1]



Internet-Draft draft-clenm net nod-yang- net work-topo-01.txt October 2013

to this docunment. Code Conponents extracted fromthis docunment nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD License.

This docunment may contain material from | ETF Docunents or | ETF
Contri butions published or made publicly avail abl e before Novenber
10, 2008. The person(s) controlling the copyright in some of this
material may not have granted the I ETF Trust the right to allow

nodi fications of such material outside the | ETF Standards Process.
Wt hout obtaining an adequate |icense fromthe person(s) controlling
the copyright in such materials, this document may not be nodified
outside the | ETF Standards Process, and derivative works of it may
not be created outside the | ETF Standards Process, except to format
it for publication as an RFC or to translate it into | anguages other
than Engli sh.

Tabl e of Contents

1. Introduction . 2
2. Definitions and A@ronyns S 4
3. Network topol ogy nodel overview . 4
3.1. Model structure . . 5
3.2. Base nodel: Network Topology 5
3.2.1. Min bU|Id|ng bl ocks . . 6
3.2.2. Discussion and sel ected de5|gn deC|S|ons 7
3.2.3. (Open issues and itens for further discussion 9
3.3. Extension of the nodel with specific topologies . 9
3.3.1. Layer 3 Unicast - I1GP . . e e e e e e 9
3.3.2. OSPF Topology . . . . . . . . . . . . . . ... ... 11
3.3.3. IS 1S Topology . . P
3.3.4. TED - Traffic Englneerlng Data . e . . . . . . . . . 16

4 Net wor k Topol ogy YANG nodule . . e . . . . . . . . 16
5. Layer 3 Unicast | GP Topol ogy YANG Nbdule e e e . . . .. . . 23
6. OSPF Topol ogy YANG Module . . . . e e e . . .. .. ... . 28
7 I SIS Topol ogy YANG Module . . . . . . . . . . . . . . . . . . 32
8. TED YANG Mbdule . . . . . . . . . . . . . . . . . ... ... 35
9. Security Considerations . . . . . . . . . . . . . . ... .. 4
10. Contributors . . . . . . . . . . . . . . . . .. .. ... . 42
11. Acknow edgenents . . . . . . . . . . . . . . . . . . . ... 42
12. References . . P 24
12.1. Nornmative References T 4
12.2. Informative References . . . . . . . . . . . . . . . . . 42

1. Introduction

Thi s docunent introduces a YANG [ RFC6020] [ RFC6021] data nodel for
net work topol ogies. The nodel allows an application to have a
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holistic view of an entire network, all contained in a single
conceptual YANG dat astore

In order to capture information that is specific to of a particular
type of network topol ogy, the basic nodel can be augnented and
adapted. As a result, the data nodel is generic in nature and can be
applied to many network topologies. For this reason, it is suitable
for use as a general YANG data nodel framework to capture network
topol ogi es al so beyond the types that are introduced here. Specific
topol ogy types that are covered in this docunent include Layer 3
Unicast IGP, IS 1S [RFCL195], and OSPF [ RFC2178]. Adaptati ons and
extensions to other types of topologies are possible, using sinmlar
nmodel patterns to the ones that are illustrated.

There are multiple applications for such a data nodel. For exanple,
a network controller can use the data nobdel to represent the
controller’s view of a topology it controls and expose it to

nort hbound applications via Netconf [RFC6241] or via a ReST Interface
[1-D.bierman-netconf-restconf] [I-D.I hotka-netnod-yang-json].

Al ternatively, nodes within the network can use the data nodel to
capture their understanding of the overall network topol ogy that they
are contained in, as well as propagate this understandi ng and conpare
it with that of other nodes. The data nodel is generic in nature and
can be applied to any type of network topol ogy.

The data nodel is defined in several YANG nodul es:

o0 Mbdul e "network-topol ogy" contains a generic network topol ogy
nmodel . It defines a network topology at its nost general |evel of
abstraction. It nodels aspects such as the nodes and edges that a
topol ogy graph is conposed of, as well as term nation points
contained in the nodes that actually term nate the edges of the
graph. A network can contain nultiple topologies, for exanple
topol ogies at different |ayers and overlay topol ogi es. The nodel
therefore allows also to capture the rel ationship between
topol ogi es, as well as the dependenci es between nodes and
term nation points across topol ogi es.

o Mbdul e "I 3-unicast-igp-topol ogy" applies the general network

topol ogy nodel to Layer 3 Unicast |GP topologies. It augnments the
general topology with information specific to Layer 3 Unicast |IGP
In doing so, it also illustrates the extension patterns associated

wi th extending respectively augnmenting the general topol ogy nodel
to neet the needs of a specific topol ogy.
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o Mbdul e "ospf-topol ogy" defines a topology nodel for OSPF, building
on and extending the Layer 3 Unicast |GP topology nodel. It
serves as an exanple of how the general topol ogy nodel can be
refined across nmultiple |evels.

0 Mbdule "isis-topol ogy" defines a topology nodel for IS-IS, again
bui l di ng on and extending the Layer 3 Unicast |GP topol ogy nodel.

o Mdule "ted", finally, is a hel per nodule, defining information
kept in the Traffic Engineering Database (TED) that is |everaged
by 1S-1S and OSPF topol ogi es.

2. Definitions and Acronyns

Dat astore: A conceptual store of instantiated managenent information,

with individual data itens represented by data nodes which are

arranged in hierarchical nanner.

Data subtree: An instantiated data node and the data nodes that are
hierarchically contained within it.

HTTP: Hyper-Text Transfer Protocol

I GP:. Interior Gateway Protocol

IS 1S Internmediate Systemto |Internmedi ate System protocol
LSP: Label Switched Path

NETCONF: Networ k Configuration Protocol

OSPF: Open Shortest Path First, a link state routing protocol
URI: Uni form Resource ldentifier

ReST: Representational State Transfer, a style of stateless interface
and protocol that is generally carried over HTITP

SRLG Shared Ri sk Link G oup

TED: Traffic Engi neering Dat abase

YANG A data definition |anguage for NETCONF
3. Network topol ogy nodel overview

This section provides an overview of the network topol ogy nodel. W
start with the structure of the foundational nodel that represents a
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generic topology. Subsequently, an overview of the specific
topologies is given - Layer 3 Unicast I1GP, OSPF, and IS 1S,
respectively. During the course of the discussion, sected design
choi ces are explained and the pattern that should be applied to
extend the nodel to new types of topologies is presented.

3.1. Mbdel structure

The network topol ogy nodel is defined by the followi ng YANG nodul es,
whose rel ationship is roughly depicted in the figure bel ow

o e e e e e aa oo +
| net wor k-t opol ogy |
B B +
N
I
I
Fom e e oo - Ao +
| 13-unicast-igp-topology |
Fom e e e e e e oo F--- -+
N N
I I
I I
o m e e oo Ao + +--- - - Noemeaa oo + o m e e oo +
| ospf-topol ogy| | isis-topology | | ted |
N N

A + A + B V2

Figure 1: Overall nodel structure

YANG nodul e networ k-t opol ogy defines the basic network topol ogy
nmodel . YANG nodul e | 3-uni cast-i gp-topol ogy builds on top of this
nodel , augnenting network-topol ogy with additional definitions needed
to represent Layer 3 Unicast |IGP topologies. This nodule in turnis
augrment ed by YANG nodul es with additional definitions for OSPF and
for 1S-1S topol ogi es, ospf-topology and isis-topol ogy, respectively.
Finally, YANG nodule "ted" contains a set of auxiliary definitions
used by both ospf-topol ogy and isis-topol ogy, capturing data rel ated
to traffic engineering.

3.2. Base nodel: Network Topol ogy
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The structure of the network topol ogy data nodel, as later defined in
t he YANG nodul e "net wor k-t opol ogy", is depicted in the follow ng
diagram Brackets enclose |list keys, "rw' neans configuration data,
"ro" nmeans operational state data, and "?" designates optional nodes.
The figure does not depict all definitions; it is intended to
illustrate the overall structure.

nmodul e: net wor k-t opol ogy
+--rw net wor k-t opol ogy
+--rw topol ogy [topol ogy-id]
+--rw topol ogy-id t opol ogy-i d
+--ro server-provi ded? bool ean
+--rw topol ogy-types
+--rw under| ay-t opol ogy [topol ogy-ref]

| +--rw topol ogy-ref t opol ogy-r ef
+--rw node [ node-i d]

| +--rw node-id node-i d
| +--rw supporting-node [node-ref]

| | +--rw node-ref node-r ef

| +--rwtermnation-point [tp-id]

| +-rwtp-id tp-id

+--ro tp-ref* t p-ref
+--rw link [lIink-id]

+-rwlink-id link-id

+--rw source

| +--rw source-node node-r ef

| +--rw source-tp? t p-ref

+--rw destination

| +--rw dest-node node- r ef

| +--rw dest-tp? tp-ref

+--rw supporting-link [link-ref]
+--rw |ink-ref I'ink-ref

3.2.1. Main building bl ocks

A network can contain multiple topol ogies. Each topology is captured
inits om list elenment, distinguished via a topology-id. This is
captured by list "topol ogy", contained underneath the root container
for this nodul e, "network-topol ogy".

A topology has a certain type, such as OSPF or IS-1S. A topol ogy can
even have multiple types sinultaneously. The type, or types, are

captured underneat h contai ner "topol ogy-types". This serves as
contai ner for data nodes that represent specific topology types. In
this nmodule, it serves nerely as an augnentation target; topol ogy-
specific modules will later introduce new data nodes to represent new
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topol ogy types below this target, i.e. insert them bel ow "topol ogy-
types" by ways of augnentation.

Topol ogy types SHOULD al ways be represented using containers, not

| eafs of enpty type. This allows to represent hierarchies of

topol ogy subtypes within the instance information. For exanple, an
i nstance of an OSPF topol ogy (which, at the sane tine, is a layer 3
uni cast |1 GP topol ogy) woul d contain underneath "topol ogy-types"
anot her container "l 3-unicast-igp-topology", which in turn would
contain a contai ner "ospf-topol ogy".

A topology can in turn be part of a hierarchy of topol ogies, building
on top of other topologies. Any such topologies are captured in |ist
"under| ay-t opol ogy".

Furt hernore, a topol ogy contains nodes and |inks, each captured in
their owmn |ist.

A node has a node-id. This distinguishes the node from ot her nodes
inthe list. |In addition, a node has a list of term nation points,
used to terminate Iinks. An exanples of a term nation point mght be
a physical or logical port or, nore generally, an interface. Al so, a
node can in turn map onto other nodes in an underlay topology. This
is captured in list "supporting-node"

Alink is identified by a link-id, uniquely identifying the |ink
within the topology. Links are point-to-point and unidirectional
Accordingly, a link contains a source and a destination. Both source
and destination reference a correspondi ng node, as well as a

term nation point on that node. Analogous to a node, a link can in
turn map onto other links an underlay topology. This is captured in
list "supporting-link".

3.2.2. Discussion and sel ected desi gn deci sions

Rat her than maintaining lists in separate containers, the nodel is
kept relatively flat in terns of its containment structure. This
way, path specifiers used to refer to specific nodes, be it in
managenent operations or in specifications of constraints, can remain
relatively conpact. O course, this neans there is no separate
structure in instance information that separates el enents of
different lists fromone another. Such structure is semantically not
requi red, although it m ght enhance human readability in sone cases.

In an effort to minimze assunptions of what a topol ogy m ght
actual ly represent, mappi ngs between topol ogi es, nodes, |inks, and
term nation points are kept strictly generic. For exanple, no
assunptions are made whether a ternmination point actually refers to
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an interface, or whether a node refers to a specific "systenl or
device; the nodel at this generic |evel nakes no provisions for that.
Any greater specifics about mappi ngs between upper and | ower | ayers
can be captured in augnenting nodules. For exanple, if a term nation
point maps to an interface, an augnmenting nodul e can augnent the
termnation point with a leaf that references the corresponding
interface [I-D.ietf-netnod-interfaces-cfg]. |If a node maps to a
particul ar device or network el ement, an augnenting nodul e can
augrment node with a leaf that references the network el enent.

The nodel nakes extensive use of groupings, instead of sinply
defining data nodes "in-line". This allows to nore easily include

t he correspondi ng data nodes in notifications, which then do not need
to respecify each data node that is to be included. The tradeoff for
this is that it nakes the specification of constraints nore conpl ex,
because constraints involving data nodes outside the grouping need to
be specified in conjunction with a "uses" statenent where the
grouping is applied. This also nmeans that constraints and XPat h-
statneents need to specified in such a way that the navigate "down"
first and select entire sets of nodes, as opposed to being able to
simply specify them agai nst individual data nodes.

The topol ogy nodel includes links that are point-to-point and
unidirectional. It does not directly support nultipoint and
bidirectional links. While this nay appear as a limtation, it does
keep the nodel sinple, generic, and allows it to very easily be
subj ected applications that make use of graph al gorithns.

Bi recti onal conections can be represented through pairs of
unidirectional links. By introducing hierarchies of nodes, wth
nodes at one | evel mapping onto a set of other nodes at another

I evel, and the introducing new |inks for nodes at that |evel
topol ogi es with connections representing non-point-to-point
communi cati on patterns can be represented.

Links are terminated by a single term nation point, not sets of

term nation points. Connections involving nultihomng or |ink
aggregation schenmes need to be represented using nultiple point-to-
point links, then defining a link at a higher |layer that is supported
by those individual I|inks.

In a hierarchy of topologies, there are nodes mappi ng to nodes, |inks
mapping to links, and term nation points nmapping to term nation
points. Sone of this information is redundant. Specifically, with
the link-to-1inks mappi ng known, and the termi nation points of each
I'ink known, maintaining separate term nati on point mappi ng
information is not needed but can be derived via transitive closure.
The nodel does provide for the option to include this information
explicitly, but does not allow for it to be configured to avoid the
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potential to introduce (and having to validate) corresponding
integrity issues.

A topology' s topol ogy types are represented using a contai ner which
contains a data node for each of its topology types. A topology can
enconpass several types of topol ogy sinultaneously, hence a container
is used instead of a case construct, with each topology type in turn
represented by a dedicated presence container itself. The reason for
not sinply using an enpty | eaf, or even sinpler, do away even wth
the topol ogy container and just use a leaf-list of topology-type
instead, is to be able to represent "class hierarchies" of topol ogy
types, with one topology type refining the other. Topol ogy-type
specific containers are to be defined in the topol ogy-specific

nmodul es, augnenting the topol ogy-types contai ner.

3.2.3. (Qpen issues and itens for further discussion
YANG requires data needs to be designated as either configuration or

operational data, but not both, yet it is inportant to have all
topol ogy i nformation, including vertical cross-topol ogy dependenci es,

captured in one coherent nodel. |In nost cases topology information
i s discovered about a network; the topology is considered a property
of the network that is reflected in the nodel. That said, it is

conceivabl e that certain types of topology need to al so be
configurable by an application.

There are several alternatives in which this can be addressed. The
alternative chosen in this draft does not restrict topol ogy
information as read-only, but includes a flag that indicates for each
t opol ogy whether it should be considered as read-only or configurable
by applications.

An alternative would be to designate topology list elements as read
only. The read-only topology |list includes each topology; it is the
complete reference. |In parallel a second topology list is

i ntroduced. This list serves the purpose of being able to configure
topol ogi es which are then mirrored in the read-only list. The
configurable topology |ist adheres to the same structure and uses the
same groupings as its read-only counterpart. As npost data is defined
in those groupings, the anount of additional definitions required
will be limted. A configurable topology will thus be represented
twice: once in the read-only list of all topologies, a second tinme in
a configuration sandbox.

3.3. Extension of the nodel with specific topol ogies

3.3.1. Layer 3 Unicast - |IGP
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In order to represent a general Layer 3 Unicast |GP topol ogy, the
basi ¢ network topol ogy nodel needs to be extended. The correspondi ng
extensions are introduced in a separate YANG nodul e "I 3-uni cast-i gp-
topol ogy". The structure of those extensions is depicted in the
followi ng diagram Brackets enclose |ist keys, "rw' neans
configuration, "ro" operational state data, "?" designhates optiona
nodes, "*" designates nodes that can have nultiple instances.

Par ant heses encl ose choi ce and case nodes. Data nodes fromthe

net wor k-t opol ogy nodul e are omtted (indicated by "..... "), as long
as not required to indicate contai nnent structure. Notifications are
not depi cted.

nmodul e: net wor k-t opol ogy
+--rw net wor k-t opol ogy
+--rw topol ogy [topol ogy-id]
+.—.—.r\./v. t opol ogy-types
| +--rw 13t:|3-unicast-igp-topol ogy?

+--rw | 3t:igp-termnation-point-attributes
+--rw (term nation-point-type)?

I

I

|

| :

| +--:(ip)

| | +--rw |3t:ip-address* i net:ip-address
| +- - (unnunber ed)

| +--rw | 3t: unnunbered-id? ui nt 32
| +--rwl3t:igp-node-attributes

| +--rw | 3t: nanme? i net: domai n- nane

| +-rw | 3t:flag* flag-type

| +--rw | 3t:router-id* i net:ip-address

[ +-rw | 3t:prefix [prefix]

| +-rw | 3t:prefix inet:ip-prefix

| +--rw | 3t:netric? ui nt 32

| +-rw | 3t:flag* flag-type

+--rw link [link-id]

| ...
+-rw | 3t:igp-link-attributes

I

| +--rw | 3t: nanme? string

| +-rw | 3t:flag* flag-type
| +--rw | 3t:netric? ui nt 32
+--rw | 3t:igp-topol ogy-attributes

+--rw | 3t: name? string
+-rw | 3t:flag* flag-type
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The nmodul e augnments the original network-topol ogy nodul e as foll ows:

0 A new topology type is introduced, |3-unicast-igp-topol ogy-type.
This is represented by a contai ner object, which is inserted under
the "topol ogy-types" container of the network topol ogy nodul e.

0 Additional topology attributes are introduced, defined in a
groupi ng, which augnents the "topol ogy" list of the network
topol ogy nodule. The attributes include an I GP nane, as well as a
set of flags (represented through a leaf-list). Each type of flag
is represented by a separate identity. This allows to introduce
additional flags in augnmenting nodul es that are associated with
specific | GP topol ogi es, without needing to revise this nodule.

0 Additional data objects for nodes are introduced by augnenting the
"node" list of the network topol ogy nodul e. New objects include
again a set of flags, as well as a list of prefixes. Each prefix
inturn includes an ip prefix, a nmetric, and a prefix-specific set
of fl ags.

0 Links are augnented as well with a set of parameters, allowing to
associate a link with an |1 GP nane, another set of flags, and a
link metric.

In addition, the nodul e defines a set of notifications to alert
clients of any events concerning |inks, nodes, prefixes, and

term nation points. Each notification includes an indication of the
type of event, the topology fromwhich it originated, and the

af fected node, or link, or prefix, or termnation point. In
addition, as a convenience to applications, additional data of the
af fected node, or link, or termination point (respectively) is
included. Wiile this makes notifications larger in volunme than they
woul d need to be, it avoids the need for subsequent retrieval of
context information, which al so m ght have changed in the neantine.

3.3.2. OSPF Topol ogy

OSPF is the next type of topology represented in the nodel. OSPF
represents a particular type of Layer 3 Unicast |IGP. Accordingly,
this tinme the Layer 3 Unicast |GP topol ogy nodel needs to be
extended. The correspondi ng extensions are introduced in a separate
YANG nodul e "ospf-topol ogy", whose structure is depicted in the
followi ng diagram For the nost part, this nodul e augnents "I 3

-uni cast -i gp-topol ogy". Like before, brackets enclose |ist keys,
"rw' means configuration, "ro" operational state data, "?" designates
optional nodes, "*" designates nodes that can have nultiple

i nstances. Parant heses encl ose choice and case nodes. Data nodes
fromthe network-topology nodule are omtted (indicated by "..... "),
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as long as not required to indicate contai nnent structure.
Notifications are not depicted.

nodul e: net wor k-t opol ogy
+--rw networ k-t opol ogy
+--rw topol ogy [topol ogy-id]
+--rw topol ogy-types
| +--rw 13t:|3-unicast-igp-topol ogy?
[ +--rw ospf: ospf?

|+

| +--rw ospf:ospf-prefix-attributes

| +--rw ospf: forwardi ng- addr ess? i net:ipv4-address
+--rw ospf:ospf-node-attributes

| +--rw (router-type)?

I

|

I

I

I

I

I

|

I | | +--:(abr)

| | | | +--rwospf:abr? enpty

I | | +--:(asbr)

| | | | +--rw ospf:asbr? enpty

| | | +--:(internal)

| | | | +--rwospf:internal? enpty

[ | | +--:(pseudonode)

| | +--rw ospf: pseudonode? enpty

| | +--rwospf:dr-interface-id? ui nt 32

| | +--rw ospf:multi-topol ogy-id* uint8

| | +--rw ospf:capabilities? bits

| | +--rwospf:ted

[ [ +--rw ospf:te-router-id-ipv4? i net:i pv4-address
| | +--rw ospf:te-router-id-ipv6? i net:ipv6-address
| | +--rw ospf:ipva-1local -address [ipv4-prefix]

| | | +--rw ospf:ipva-prefix i net:ipva-prefix

| | +--rw ospf:ipv6-1ocal -address [ipv6-prefix]

| | | +--rw ospf:ipv6e-prefix inet:ipv6-prefix

[ [ | +--rw ospf:prefix-option? uint8

| | +--rw ospf:pcc-capabilities? pcc-capabilities
I

+--rw link [link-id]
| ...,

|

| ;LLIW ospf:ospf-link-attributes

| | +--rw ospf:multi-topol ogy-id? uint8
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| +--rwospf:ted

| +--rw ospf:color? ui nt 32

| +--rw ospf: max-1i nk- bandw dt h? deci mal 64
[ +--rw ospf: max-resv-1ink-bandwi dth? deci nal 64
[ +--rw ospf:unreserved-bandwi dth [priority]

| | +--rwospf:priority uint8
I

I

|

I

| +--rw ospf:bandw dt h? deci nal 64
+--rw ospf:te-default-netric? ui nt 32

+--rw ospf:srlg
+--rw ospf:interface-swi tching-capabilities [sw tching

-capabi lity]

| | +--rw ospf:switching-capability ted:s
wi t chi ng-capabilities
+--rw ospf: encodi ng? uint8
+--rw ospf: max-1 sp-bandwi dth [priority]
| +--rwospf:priority uint8

I
|
| | +--rw ospf:bandw dt h? deci nal 64

| +--rw ospf: packet-sw tch-capabl e

| | +--rw ospf:nninmumlsp-bandwi dth?  deci mal 64
| | +--rwospf:interface-ntu? uint16

| +--rw ospf:tinme-division-multiplex-capable

[ +--rw ospf: m ni rum | sp-bandwi dt h? deci nal 64
I

+--rw ospf:indication? uintl6
+--rw ospf:srlg-values [srlg-val ue]
| +--rw ospf:srlg-value ui nt 32
+--rw ospf:link-protection-type? uint16

+--rw I”3I;Igp—topol ogy-attributes
+rw ospf: ospf-topol ogy-attributes
| +--rwospf:area-id? area-id

The nodul e augnents "I 3-uni cast-i gp-topol ogy" as foll ows:

(0]

A new topol ogy type for an OSPF topology is introduced. This is
represented by a container object, which is inserted under the "I3
-uni cast -i gp-topol ogy" contai ner of the | 3-unicast-igp-topol ogy
nmodul e. This way, an ospf topology represents both a | 3-unicast-
i gp topol ogy and an ospf topol ogy.

Addi tional topology attributes are defined in a new grouping which
augment s igp-topol ogy-attributes of the | 3-unicast-igp-topol ogy
modul e. The attributes include an OSPF area-id identifying the
OSPF ar ea.

Addi tional data objects for nodes are introduced by augnenting the
i gp-node-attributes of the | 3-unicast-igp-topol ogy nodule. New
objects include router-type, de-interface-id for pseudonodes, |ist
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of multi-topol ogy-ids, ospf node capabilities and traffic
engi neering attributes.

0 Links are augnented with a nulti-topology-id and traffic
engi neering link attributes.

o Prefixes are augnented with OSPF specific forwardi ng address.

In addition, the nodul e extends I GP node, |ink and prefix
notifications with OSPF attributes.

3.3.3. |S-1S Topol ogy

IS-1Sis another type of Layer 3 Unicast |GP. Like GOSPF topol ogy,

IS- 1S topology is defined in a separate nodul e, "isis-topol ogy",

whi ch augnents "I 3-uni cast-igp-topology". The structure is depicted
in the following diagram Like before, brackets enclose |list keys,
"rw' means configuration, "ro" operational state data, "?" designates
optional nodes, "*" designates nodes that can have nultiple

i nstances. Parantheses encl ose choi ce and case nodes. Data nodes
fromthe network-topol ogy nodule are omtted (indicated by "..... "),
as long as not required to indicate contai nnent structure.
Notifications are not depicted.

nmodul e: net wor k-t opol ogy
+--rw net wor k-t opol ogy
+--rw topol ogy [topol ogy-id]

+--rwisis:isis-node-attributes
+--rwisis:iso

| +--rwisis:iso-systemid? i so-systemid
| +--rwisis:iso-pseudonode-id? i so- pseudonode-id

+--rwisis:multi-topol ogy-id* uint8
+--rw (router-type)?
| +--:(level-2)

| +--rwisis:level-2? enpty
| +-:(level-1)
| | +--rwisis:level-1? enpty

I
I
I
I
I
I
| +--rwisis:net* i so-net-id
I
I
I
I
I
I
I

| +--:(level-1-2)
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[ [ +--rwisis:level-1-2? enpty

| +-rwisis:ted

| +--rwisis:te-router-id-ipv4? i net:ipv4-address
[ +--rwisis:te-router-id-ipv6? i net:ipv6-address
| +--rwisis:ipvéa-local -address [ipv4-prefix]

| | +--rwisis:ipvd-prefix i net:ipva-prefix

| +--rwisis:ipv6-1local -address [ipv6-prefix]

| | +--rwisis:ipv6e-prefix inet:ipv6-prefix

| | +--rwisis:prefix-option? uint8

[ +--rwisis:pcc-capabilities? pcc-capabilities

+--rw link [link-id]
| ...,

I
|
| +--rwisis:isis-link-attributes

[ +--rwisis:nulti-topol ogy-id? uint8

| +-rwisis:ted

| +--rwisis:color? ui nt 32

| +--rw isis:max-|ink-bandw dt h? deci mal 64
| +--rw isis:mx-resv-Ilink-bandw dt h? deci mal 64
| +--rw isis:unreserved-bandw dth [priority]

I

I

I

I

I

| +--rwisis:priority uint8
| +--rwisis:bandw dth? deci nal 64
+-rwisis:te-default-netric? ui nt 32

+--rwisis:srlg
+--rwisis:interface-sw tching-capabilities [sw tching

-capability]
| +--rwisis:switching-capability ted:s
wi tchi ng-capabilities
+--rw isis:encoding? uint8
+--rw isis:max-|sp-bandwidth [priority]
| +--rwisis:priority uint8

I

|

| | +--rwisis:bandw dth? deci mal 64

| +--rwisis:packet-sw tch-capable

| | +--rwisis:mninmmlsp-bandw dth? deci nal 64
| | +--rwisis:interface-mu? ui nt 16

| +--rwisis:tine-division-multiplex-capable

| +--rw isis:mninmmlsp-bandw dt h? deci mal 64

| +--rwisis:indication? uint16
+--rwisis:srlg-values [srlg-val ue]

| +--rwisis:srlg-value ui nt 32
+--rwisis:link-protection-type? ui nt 16

+--rw | 3t:igp-topol ogy-attributes
+--rwisis:isis-topogloy-attributes
+--rwisis:net? iso-net-id

The nmodul e augnents the | 3-unicast-igp-topol ogy as foll ows:
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0 A new topology type is introduced, "isis-topology-type". This is
represented by a container object, which is inserted under the "I3
-uni cast -i gp-topol ogy" contai ner of the | 3-unicast-igp-topol ogy
nmodul e. This way, an isis topology represents both a | 3-unicast-

i gp-topol ogy and an isis topol ogy.

0 Additional topology attributes are introduced in a new groupi ng
whi ch augnments "igp-topol ogy-attributes” of the | 3-unicast-igp-
topol ogy nodule. The attributes include an I SIS NET-id
identifying the area

0o Additional data objects for nodes are introduced by augnenting
"igp-node-attributes" of the | 3-unicast-igp-topol ogy nodule. New
objects include router-type, iso-systemid to identify the router,
alist of multi-topology-id, a list of NET ids, and traffic
engi neering attributes.

0 Links are augmented with nmulti-topology-id and traffic engi neering
link attributes.

In addition, the nodul e augments | GP nodes and links with ISIS
attributes

3.3.4. TED - Traffic Engineering Data

Traffic Engineering Data is required both by GSPF and |1S-1S, which
are defined in separate nodules. Information shared by both is
defined in another nodule, "ted". This nodule defines a set of
groupings with auxiliary information required and shared by those

ot her nodules. This nodule details traffic-engineering node and |ink
attributes

0 TED node attributes include te-router-id for IPv4 and |1 Pv6, |oca
I Pv4 and | Pv6 addresses and path conputation client capabilities.
The path conputation client capabilities in turn include a bit
vector for various path conputation capabilities.

o TEDIlink attributes conprise link color, max-I|ink-bandw dth, max-
resv-Ilink-bandw dth, unreserved bandwidth and re-netric. They
al so include SRLG attributes which contains interface swtching
capabilities, a list of SRLG values, and a |ink protection type.
The interface switching capabilities in turn contain a |list
el ement for each switching capability, defining encoding, max-Isp-
bandwi dth, and interface sw tching specific attributes.

4. Network Topol ogy YANG nodul e

<CODE BEG NS>
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file "network-topol ogy@013-10-21. yang"
nmodul e networ k-t opol ogy {
yang-version 1,
nanespace "urn: TBD: par ans: xni : ns: yang: net wor k-t opol ogy";
/'l replace with | ANA nanespace when assi gned
prefix "nt";

inmport ietf-inet-types { prefix "inet"; }
organi zation "TBD";
contact "W LL-BE- DEFI NED- LATER";

description
"This nodul e defines a nodel for the topology of a network.
Key design decisions are as foll ows:
A topol ogy consists of a set of nodes and |i nks.
Li nks are point-to-point and unidirectional
Bi di rectional connections need to be represented through
two separate |inks.
Mul ti poi nt connections, broadcast domains etc can be represented
through a hierarchy of nodes, then connecting nodes at
upper |layers of the hierarchy."”

revision 2013-10-21 {
description
"Initial revision.";

}

t ypedef topol ogy-id {
type inet:uri;
description
"An identifier for a topology."

}

t ypedef node-id {

type inet:uri;

description
"An identifier for a node in a topol ogy.
The identifier may be opaque.
The identifier SHOULD be chosen such that the sane node in a
real network topology will always be identified through the
same identifier, even if the nodel is instantiated in separate
datastores. An inplenmentati on MAY choose to capture semantics
inthe identifier, for exanple to indicate the type of node
and/ or the type of topology that the node is a part of.";
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typedef link-id {
type inet:uri;
description
"An identifier for alink in a topol ogy.
The identifier nmay be opaque.
The identifier SHOULD be chosen such that the sane link in a
real network topology will always be identified through the
same identifier, even if the nodel is instantiated in separate
datastores. An inplenmentati on MAY choose to capture semantics
inthe identifier, for exanple to indicate the type of link
and/ or the type of topology that the link is a part of.";
}

typedef tp-id {
type inet:uri;
description
"An identifier for term nation points on a node.
The identifier rmay be opaque.
The identifier SHOULD be chosen such that the same TP in a
real network topology will always be identified through the
same identifier, even if the nodel is instantiated in separate
datastores. An inplenmentati on MAY choose to capture semantics
inthe identifier, for exanple to indicate the type of TP
and/ or the type of node and topology that the TP is a part of.";
}

typedef tp-ref {
type leafref {
pat h "/ networ k-t opol ogy/topol ogy/ node/term nati on-point/tp-id";
}

description
"A type for an absolute reference to a termination point.
(This type should not be used for relative references.
In such a case, a relative path should be used instead.)";

}
t ypedef topol ogy-ref {
type leafref {
pat h "/ networ k-t opol ogy/topol ogy/topol ogy-id";
}

description
"A type for an absolute reference a topol ogy instance.";

}

typedef node-ref {
type leafref {
pat h "/ networ k-t opol ogy/t opol ogy/ node/ node-i d";
}

description
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"A type for an absolute reference to a node instance.
(This type should not be used for relative references.
In such a case, a relative path should be used instead.)";

}

typedef link-ref {
type leafref {
pat h "/ network-topol ogy/topol ogy/link/link-id";
}

description
"A type for an absolute reference a |ink instance.
(This type should not be used for relative references.
In such a case, a relative path should be used instead.)";

}

grouping tp-attributes {

description
"The data objects needed to define a ternination point.
(This only includes a single |leaf at this point, used
to identify the ternination point.)
Provided in a grouping so that in addition to the datastore,
the data can also be included in notifications.";

leaf tp-id {
type tp-id;

leaf-list tp-ref {

type tp-ref;

config fal se

description
"The leaf list identifies any termi nation points that the
term nation point is dependent on, or maps onto.
Those term nation points will thensel ves be contai ned
in a supporting node.
Thi s dependency information can be inferred from
t he dependenci es between links. For this reason
this itemis not separately configurable. Hence no
correspondi ng constraint needs to be articul ated.
The corresponding information is sinply provided by the
i mpl ementing system";

}

groupi ng node-attributes {
description
"The data objects needed to define a node.
The objects are provided in a grouping so that in addition to
the datastore, the data can al so be included in notifications
as needed.";
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| eaf node-id {
type node-id;
description
"The identifier of a node in the topol ogy.
A node is specific to a topology to which it bel ongs.";

}
Iist supporting-node {
description
"This list defines vertical layering information for nodes.
It allows to capture for any given node, which node (or nodes)
in the correspondi ng underlay topology it nmaps onto.
A node can nmap to zero, one, or nore nodes belowit;
accordingly there can be zero, one, or nore elenents in the |
st.
If there are specific layering requirenents, for exanple
specific to a particular type of topology that only allows
for certain layering relationships, the choice
bel ow can be augnented with additional cases.
A list has been chosen rather than a leaf-list in order
to provide roomfor augnentations, e.g. for
statistics or priorization information associated with
supporting nodes.";
key "node-ref";
| eaf node-ref {
type node-ref;
}
}
grouping link-attributes {
/1 This is a grouping, not defined inline with the link definition its
el f,
/1l so it can be included in a notification, if needed
leaf link-id {
type link-id;
description
"The identifier of a link in the topol ogy.
Alink is specific to a topology to which it bel ongs.";
}
cont ai ner source {
| eaf source-node {
mandat ory true
type node-ref;
description
"Source node identifier, nust be in sane topol ogy."
}
| eaf source-tp {
type tp-ref;
description
"Term nation point within source node that termi nates the
link.";
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}
}
cont ai ner destination {
| eaf dest-node {
mandat ory true
type node-ref;
description
"Destination node identifier, nust be in sane topol ogy.";

| eaf dest-tp {
type tp-ref;
description
"Termi nation point wthin destination node that terninates

the link.";
}
b .
Iist supporting-link {
key "link-ref";
| eaf link-ref {
type link-ref;
}
}

cont ai ner networ k-t opol ogy {
list topol ogy {
description "
This is the nodel of an abstract topol ogy.
A topol ogy contains nodes and |i nks.
Each topol ogy MJST be identified by
uni que topol ogy-id for reason that a network could contain nman

y
t opol ogi es.
key "topol ogy-id";
| eaf topology-id {
type topol ogy-id;
description "
It is presuned that a datastore will contain nmany topol og
es. To

di stingui sh between topologies it is vital to have UN QUE
topol ogy identifiers.

}
| eaf server-provided {
type bool ean;
config fal se
description "
I ndi cat es whether the topology is configurable by clients,
or whether it is provided by the server. This leaf is
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i ent;

aints

node-ref])";

de is in fact

}

popul ated by the server inplenmenting the nodel.
It is set to false for topologies that are created by a cl

it is set to true otherwise. |If it is set to true, any
attenpt to edit the topol ogy MJST be rejected.

cont ai ner topol ogy-types {

}

description
"This container is used to identify the type, or types
(as a topology can support several types simultaneously),
of the topol ogy.
Topol ogy types are the subject of several integrity constr

that an inplenenting server can validate in order to

mai ntain integrity of the datastore.

Topol ogy types are indicated through separate data nodes;
the set of topology types is expected to increase over tim

To add support for a new topol ogy, an augnenting nodul e
needs to augnent this container with a new enpty optiona
container to indicate the new topol ogy type.

The use of a container allows to indicate a subcategorizat

of topol ogy types.
The contai ner SHALL NOT be augmented with any data nodes
that serve a purpose other than identifying a particul ar

t opol ogy type.

i st underl ay-topol ogy {

}

key "topol ogy-ref"”;
| eaf topol ogy-ref {
type topol ogy-ref;

/'l alist, not aleaf-list, to allow for potential augmentatio
/1 with properties specific to the underlay topol ogy,
/1 such as statistics, preferences, or cost.
description
"l dentifies the topol ogy, or topologies, that this topol og

i s dependent on.";

list node {

description "The list of network nodes defined for the topol og

key "node-id";
uses node-attributes;
must "bool ean(../underl ay-topol ogy[ *]/ node[ ./ supporti ng-nodes/

/'l This constraint is nmeant to ensure that a referenced no
/1 a node in an underlay topol ogy.

list term nation-point {
description
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coul d,

Iy

poi

}

list

nt

rlay topol ogy

ne

th

t opol ogy

e sane topol ogy

"Atermnation point can termnate a link
Dependi ng on the type of topology, a term nation point

for exanple, refer to a port or an interface.";
key "tp-id";
uses tp-attributes;

link {
description "
A Network Link connects a by Local (Source) node and
a Renote (Destination) Network Nodes via a set of the
nodes’ termni nation points.
As it is possible to have several |inks between the same
source and destination nodes, and as a link could potentia

be re-homed between ternination points, to ensure that we
woul d al ways know to distinguish between |inks, every link
is identified by a dedicated link identifier.

Note that a link nodels a point-to-point link, not a multi

l'ink.
Layeri ng dependencies on links in underlay topol ogies are
not represented as the layering information of nodes and o

term nation points is sufficient.
key "1ink-id":
uses link-attributes;
nmust "bool ean(../underl ay-topol ogy/link[./supporting-link]";
/1 Constraint: any supporting |link nmust be part of an unde

nmust "bool ean(. ./ node[./source/source-node])";
I/l Constraint: A link nust have as source a node of the sa

must "bool ean(../ node[./destination/dest-node])";
// Constraint: A link nust have as source a destination of

nmust "bool ean(../ node/term nation-point[./source/source-tp])";
/1 Constraint: The source term nation point nust be contai

ned in the source node

)"

ont

5.

ai ned
}
}
}
}
<CODE ENDS>

Layer 3 Uni cast

<CODE BEG NS>

must "bool ean(../node/term nation-point[./destination/dest-tp]
/1 Constraint: The destination termnation point nust be c

/1l in the destination node

| GP Topol ogy YANG Mbdul e



Cemm et al. Expires April 24, 2014 [ Page 23]



Internet-Draft draft-clenm net nod-yang- net work-topo-01.txt October 2013

file "I 3-unicast-igp-topol ogy@013-10-21. yang"
nmodul e | 3-uni cast -i gp-topol ogy {
yang-version 1,
nanespace "urn: TBD: parans: xm : ns: yang: nt: | 3-uni cast -i gp-topol ogy";
/'l replace with | ANA nanespace when assi gned
prefix "13t";
i mport network-topol ogy {
prefix "nt";
}

inmport ietf-inet-types {
prefix "inet";
}

organi zati on "TBD";
contact "TBD';

revision "2013-10-21" {
description "lInitial revision";
reference "TBD';

}

typedef igp-event-type {
description "I GP Event type for notifications";
type enuneration {
enum "add" {
val ue O0;
description "An I GP node or link or prefix or term nat
i on- poi nt has been added"
}
enum "renove" {
val ue 1;
description "An I GP node or link or prefix or term nation-
poi nt has been renoved";
}
enum "updat e" {
val ue 2;
description "An | GP node or link or prefix or term nation-
poi nt has been updated”
}
}
} I/ igp-event-type

identity flag-identity {
description "Base type for flags”

identity undefined-flag {
base "flag-identity";
}

typedef flag-type {
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type identityref {
base "flag-identity";
}

}

grouping igp-prefix-attributes {
| eaf prefix {
type inet:ip-prefix;

| eaf nmetric {
type uint32;

leaf-list flag {
type flag-type

}

groupi ng | 3-uni cast-i gp-topol ogy-type {
cont ai ner | 3-uni cast-igp-topol ogy {
presence "indicates L3 Unicast | GP Topol ogy";
}

}

groupi ng i gp-topol ogy-attributes {
cont ai ner i gp-topol ogy-attributes {
| eaf nane {
description "Name of the topol ogy";
type string;

}

leaf-list flag {
description "Topol ogy flags";
type flag-type

}

groupi ng igp-node-attributes {
cont ai ner igp-node-attributes {
| eaf nane {
description "Node nane";
type inet: donmi n- nane;

}
leaf-list flag {
description "Node operational flags";

type flag-type

leaf-list router-id {
description "Router-id for the node"
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type inet:ip-address;

list prefix {
key "prefix";
uses igp-prefix-attributes;

}

grouping igp-link-attributes {
container igp-link-attributes {
| eaf nane {
description "Link Nane";
type string;

}

leaf-list flag {
description "Link flags";
type flag-type

| eaf nmetric {
description "Link Metric";
type uint32 {
range "0..16777215" {
description "

/1 OSPF/ISIS supports max 3 byte metric.

/1 ldeally we would like this restriction to be
/1 defined in the derived nodels, however,

/1l we are not allowed to augnent a "nust" statenent.

}
} S .
} /] grouping igp-link-attributes

grouping igp-termnation-point-attributes {
contai ner igp-termnation-point-attributes {
choi ce term nati on-point-type {
case ip {
| eaf-1ist ip-address {
description "I Pv4 or |Pv6 address”;
type inet:ip-address;

}

case unnunbered {
| eaf unnunbered-id {
description "Unnunbered interface identifier";
type uint32;
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}

} // grouping igp-termnation-point-attributes

augment "/ nt: network-topol ogy/ nt:topol ogy/nt:topol ogy-types" {
uses | 3-uni cast-i gp-topol ogy-type;
}

augrment "/ nt: network-topol ogy/ nt:topol ogy" {
when "nt:topol ogy-types/| 3-unicast-igp-topol ogy";
uses i gp-topol ogy-attributes;

}

augrment "/ nt: network-topol ogy/ nt:topol ogy/nt: node" {
when "../nt:topol ogy-types/I| 3-unicast-igp-topol ogy";
uses i gp-node-attri butes;

}

augrment "/nt:network-topol ogy/ nt:topol ogy/nt:link" {
when "../nt:topol ogy-types/| 3-unicast-igp-topol ogy";
uses igp-link-attributes;

augrment "/nt: network-topol ogy/ nt:topol ogy/nt:node/nt:term nation-point" {
when "../../nt:topol ogy-types/| 3-uni cast-igp-topol ogy";
uses igp-termnation-point-attributes;

}

notification igp-node-event {
| eaf igp-event-type {
type igp-event-type

| eaf topol ogy-ref {
type nt:topol ogy-ref;

uses | 3-uni cast-i gp-topol ogy-type;
uses nt:node-attributes;
uses i gp-node-attri butes;

}
notification igp-link-event {
| eaf igp-event-type {
type igp-event-type

| eaf topol ogy-ref {
type nt:topol ogy-ref;

Clemm et al. Expires April 24, 2014 [ Page 27]



Internet-Draft draft-clenm net nod-yang- net work-topo-01.txt October 2013

uses | 3-uni cast-i gp-topol ogy-type;
uses nt:link-attributes;
uses igp-link-attributes;

}

notification igp-prefix-event {
| eaf igp-event-type {
type igp-event-type

| eaf topol ogy-ref {
type nt:topol ogy-ref;

| eaf node-ref {
type nt:node-ref;

uses | 3-uni cast-i gp-topol ogy-type;
container prefix {

uses igp-prefix-attributes;
}

}

notification termn nation-point-event {
| eaf igp-event-type {
type igp-event-type

| eaf topol ogy-ref {
type nt:topol ogy-ref;

| eaf node-ref {
type nt:node-ref;

uses | 3-uni cast-i gp-topol ogy-type;
uses nt:tp-attributes;
uses igp-termnation-point-attributes;

}
<CODE ENDS>

6. OSPF Topol ogy YANG Modul e

<CCDE BEG NS>

file "ospf-topol ogy@013-10-21. yang"

nmodul e ospf-topol ogy {
yang-version 1;
nanespace "urn: TBD: par ans: xm : ns: yang: ospf - t opol ogy";
/'l replace with | ANA nanespace when assi gned

Clemm et al. Expires April 24, 2014 [ Page 28]



Internet-Draft draft-clenm net nod-yang- net work-topo-01.txt October 2013

prefix "ospf";

i mport network-topol ogy {

prefix "nt";

}

i mport | 3-unicast-igp-topology {
prefix "13t";

}

inmport ietf-inet-types {
prefix "inet";
}

import ted {
prefix "ted";
}

organi zation "TBD";
contact "TBD';
description "OSPF Topol ogy nodel ";

revision "2013-10-21" {
description "lInitial revision";
reference "TBD';

}

typedef area-id {
description "OSPF Area | D';
type uint32;

groupi ng ospf-topol ogy-type {
cont ai ner ospf {
presence "indi ates OSPF Topol ogy";
}

}

augrment "/nt: network-topol ogy/ nt:topol ogy/nt:topol ogy-types/| 3t: I 3-unicast

-i gp-topol ogy" {
uses ospf-topol ogy-type;
}

augrment "/nt: network-topol ogy/ nt:topol ogy/|3t:igp-topology-attributes" {
when "../nt:topol ogy-types/I3t:|3-unicast-igp-topol ogy/ospf";
cont ai ner ospf-topol ogy-attributes {
| eaf area-id {
type area-id;
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augrment "/nt: network-topol ogy/ nt:topol ogy/nt:node/l 3t:igp-node-attributes”

{
when "../../nt:topol ogy-types/I 3t:| 3-unicast-igp-topol ogy/ospf";
uses ospf-node-attributes;
}
augrment "/nt: network-topol ogy/nt:topology/nt:link/13t:igp-link-attributes"
{

when "../../nt:topol ogy-types/I 3t:| 3-unicast-igp-topol ogy/ospf";
uses ospf-link-attributes;

}

augrment "/nt: network-topol ogy/ nt:topol ogy/nt:node/l 3t:igp-node-attributes/
| 3t:prefix" {

when "../../../nt:topol ogy-types/|3t:| 3-unicast-igp-topol ogy/ ospf";
uses ospf-prefix-attributes;

}

groupi ng ospf-node-attributes {
cont ai ner ospf-node-attributes {
choi ce router-type {
case abr {
| eaf abr {

type enpty;
}

case asbr {
| eaf asbr {

type enpty;
}

case internal {
| eaf internal {

type enpty;
}
}

case pseudonode {
| eaf pseudonode {

type enpty;
}
| eaf dr-interface-id {
when "../router-type/ pseudonode”
description "For pseudonodes, DR interface-id";
default "0";
type uint32;

leaf-list nmulti-topology-id {
description "List of Miulti-Topology ldentifier up-to 128 (0-12
7). RFC 4915";

max- el enents "128";
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type uint8 {
range "0..127";
}

| eaf capabilities {
description "OSPF capabilities as bit vector. RFC 4970";

type bits {

bit graceful -restart-capable {
position O;

}

bit graceful -restart-hel per {
position 1;

}

bit stub-router-support {
position 2;

}

bit traffic-engineering-support {
position 3;

}

bit point-to-point-over-lan {
position 4;

}

bit experinmental-te {
position 5;

}

}

}

container ted {
uses ted:ted-node-attri butes;

}
} I/ ospf
} /'] ospf-node-attributes

groupi ng ospf-link-attributes {
contai ner ospf-link-attributes {
| eaf multi-topology-id {
type uint8 {
range "0..127";
}
}

container ted {
uses ted:ted-link-attributes;
}

} // ospf-link-attributes

groupi ng ospf-prefix-attributes {
contai ner ospf-prefix-attributes {
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| eaf forwarding-address {
when "../../13t:|3-unicast-igp-topology/l3t:ospf/l3t:router-ty
pe/l 3t:asbr";
type inet:ipv4-address;

}

augrment "/13t:igp-node-event” {
uses ospf-topol ogy-type;
uses ospf:ospf-node-attributes;

}

augrment "/13t:igp-link-event" {
uses ospf-topol ogy-type;
uses ospf:ospf-link-attributes;

}

augrment "/13t:igp-prefix-event" {
uses ospf-topol ogy-type;
uses ospf:ospf-prefix-attributes;

}
<CODE ENDS>

7. 1SI'S Topol ogy YANG Modul e

<CODE BEGQ NS>
file "isis-topol ogy@013-10-21. yang"
nmodul e i si s-topol ogy {
yang-version 1,
nanespace "urn: TBD: par ans: xm : ns: yang: net wor k: i si s-topol ogy";
/'l replace with | ANA nanespace when assi gned
prefix "isis";
i mport network-topol ogy {
prefix nt;

}

i mport | 3-unicast-igp-topology {
prefix igp;

}

i mport ted {
prefix ted;

}

organi zation "TBD";
contact "TBD';
description "ISI'S Topol ogy nodel ";
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revision "2013-10-21" {
description "lnitial version";

typedef iso-systemid {
description "I SO System | D. RFC 1237"

type string {
pattern '[0-9a-fA-F] {4}(\.[0-9a-fA-F]{4}){2};
}

}

typedef iso-pseudonode-id {
description "I SO pseudonode id for broadcast network"

type string {
pattern '[0-9a-fA-F] {2}’
}
}

typedef iso-net-id {
description "I SO NET I D. RFC 1237";

type string {
pattern '[0-9a-fA-F] {2} ((\.[0-9a-fA-F]{4}){6})";
}

}

groupi ng isis-topol ogy-type {
container isis {
presence "Indicates I SIS Topol ogy";
}

}

augrment "/nt: network-topol ogy/ nt:topol ogy/nt:topol ogy-types/igp: | 3-unicast

-i gp-topol ogy" {
uses i si s-topol ogy-type;
}

augrment "/nt: network-topol ogy/ nt:topol ogy/igp:igp-topology-attributes" {
when "../nt:topol ogy-types/|3t:|3-unicast-igp-topology/isis";
contai ner isis-topology-attributes {
| eaf net {
type iso-net-id;

}
}
augrment "/nt: network-topol ogy/ nt:topol ogy/ nt:node/igp:igp-node-attributes”
{
when "../../nt:topol ogy-types/I3t:|3-unicast-igp-topology/isis";
uses isis-node-attributes;
}
augrment "/nt: network-topol ogy/ nt:topol ogy/nt:link/igp:igp-link-attributes"
{
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when "../../nt:topol ogy-types/I3t:|3-unicast-igp-topology/isis";
uses isis-link-attributes;

}

groupi ng isis-node-attributes {
contai ner isis-node-attributes {
contai ner iso {
| eaf iso-systemid {
type iso-systemid;

| eaf iso-pseudonode-id {
default "0";
type i so-pseudonode-i d;

leaf-1ist net {
max- el enents 3;
type iso-net-id;

leaf-list multi-topology-id {
description "List of Multi Topology ldentifier upto 128 (0-127
). RFC 4915";
max- el enents " 128",
type uint8 {
range "0..127";
}
}

choice router-type {
case level-2 {
| eaf level-2 {

type enpty;

case level-1 {
| eaf level-1 {

type enpty;

case level-1-2 {
| eaf level-1-2 {

type enpty;
}

}
}
container ted {

uses ted:ted-node-attri butes;
}
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grouping isis-link-attributes {
container isis-link-attributes {
| eaf multi-topology-id {
type uint8 {
range "0..127";
}
}

container ted {
uses ted:ted-link-attri butes;
}

}

augrment "/igp:igp-node-event" {
uses i si s-topol ogy-type;
uses isis-node-attributes;

}

augnment "/igp:igp-link-event" {
uses i si s-topol ogy-type;
uses isis-link-attributes;

}
} // Nbdul e isis-topol ogy

<CODE ENDS>

8. TED YANG Mbodul e

<CODE BEGQ NS>

file "ted@013-10-21. yang"

modul e ted {
yang-version 1,
nanespace "urn: TBD: par ans: xm : ns: yang: net wor k: t ed"
/'l replace with | ANA nanespace when assi gned
prefix ted;

inmport ietf-inet-types {
prefix inet;

}

organi zation "TBD";
cont act
"TBD';
description
"Hel per nodule to hold TED attributes for OSPF/|SIS";

revision 2013-10-21 {
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description
"Initial revision";
}

typedef switching-capabilities {
description
"Switching Capabilities of an interface.";
ref erence
"RFC 5307: IS-1S Extensions in Support of Ceneralized
Mul ti-Protocol Label Switching (GWLS)";
type enuneration {
enum "PSC- 1" {
description
"Packet-Switch Capable-1 (PSC-1)";
val ue 1;

}
enum " PSC- 2" {
description
"Packet-Switch Capable-2 (PSC-2)";
val ue 2;

}
enum "PSC- 3" {
description
"Packet-Switch Capable-3 (PSC 3)";
val ue 3;

}
enum " PSC- 4" {
description
"Packet-Swi tch Capabl e-4 (PSC-4)";
val ue 4;

}
enum "L2SC" {
description
"Layer-2 Switch Capable (L2SO)";
val ue 51;

}
enum "TDM' {
description
"Ti me-Di vision-Miltiplex Capable (TDM";
val ue 100;

}
enum "LSC" {
description
"Lanmbda- Swi t ch Capabl e (LSC)";
val ue 150;

}
enum "FSC' {
description
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"Fi ber-Switch Capable (FSCO)";
val ue 200;
}
}
}

typedef pcc-capabilities {

description

"Path Conputation Capabilities.”
ref erence

"RFC 5088, draft-ietf-pce-disco-protoc-isis-07.txt

OSPF/ I SI'S Protocol Extensions for Path Conputation El enent (PCE) Discov

ery.";

type bits {

bit path-conputation-wth-gnpls-link-constraints {

position O;

bit bidirectional -path-conputation {
position 1;

bit diverse-path-conmputation {
position 2;

}

bit | oad- bal anced- pat h-conput ati on {
position 3;

}

bit synchroni zed- pat h- conput ati on {
position 4;

}

bit support-for-mnultiple-objective-functions {
position 5;

}

bit support-for-additive-path-constraints {
position 6;

}

bit support-for-request-prioritization {
position 7;

}

bit support-for-multiple-requests-per-nmessage {
position 8;

}

}
}

groupi ng ted-node-attributes {
description
"Identifier to uniquely identify a node in TED'
reference "RFC 5305, RFC 6119: I1Pv6 Traffic Engineering in IS 1S/ GSPF";
|l eaf te-router-id-ipvd {
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description
"d obally unique 1 Pv4 Traffic Engineering Router ID.";
type inet:ipv4-address;

| eaf te-router-id-ipv6 {
description
"dobally unique | Pv6 Traffic Engineering Router |D
type inet:ipv6-address;

list ipva-local-address {

description

"List of IPv4 Local Address(CSPF). RFC 5786"
key "ipv4-prefix";
| eaf ipvéd-prefix {

description

"Local |Pv4 address for the node"
type inet:ipvéa-prefix;

}
list ipv6-Ilocal-address {
description
"List of IPv6 Local Address.";
ref erence
"RFC 5786: Advertising a Router’s Local Addresses
in OSPF Traffic Engineering (TE) Extensions"
key "ipv6-prefix";
| eaf ipv6-prefix {
description
"Local |Pv6 address for the node"
type inet:ipv6-prefix;
| eaf prefix-option {
description
"I Pv6 prefix option.";
type uint8;
}

| eaf pcc-capabilities {
description
"OSPF/ I SIS PCC capabilities"”
type pcc-capabilities;
}
}

grouping ted-link-attributes {
description
"TED Attributes associated with the link."
reference "RFC 3630, RFC 3784: IS-1S/ OSPF Traffic Engineering (TE)"
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| eaf color {
description
"Admi ni strative group or color of the |ink";
type uint32;

| eaf max-1ink-bandw dth {
description
"Maxi mum bandwi dth that can be see on this |link in this direction. Uni
ts in bytes per second";
type deci mal 64 {
fraction-digits 2;
}
}
| eaf max-resv-1link-bandw dth {
description
"Maxi mum anount of bandwi dth that can be reserved in this direction in
this link. Units in bytes per second";
type deci mal 64 {
fraction-digits 2;
}
}
| ist unreserved-bandw dth {
description
"Unreserved bandwidth for 0-7 priority levels. Units in bytes per seco
nd";
mex- el enents "8";
key "priority";
| eaf priority {
type uint8 {
range "0..7";
}

}
| eaf bandwi dth {
description
"Unreserved bandwidth for this |evel";
type deci mal 64 {
fraction-digits 2;
}
}

| eaf te-default-netric {
description
"Traffic Engineering Metric";
type uint32;
}
container srlg {
description
"Shared Ri sk Link Group Attributes";
uses srlg-attributes;

}
}
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grouping srlg-attributes {
description
"Shared R sk Link Group Attributes";
ref erence
"RFC 5307, RFC 4203: |1SIS/ OSPF Extensions in Support of
Generalized Multi-Protocol Label Switching (GWLS)";
list interface-sw tching-capabilities {
description
"List of interface capabilities for this interface";
key "swi tching-capability";
| eaf switching-capability {
description
"Switching Capability for this interface";
type ted: switching-capabilities;

| eaf encoding {
description
"Encodi ng supported by this interface";
type uint8;

list max-|sp-bandw dth {

description

"Maxi mum LSP Bandwi dth at priorities 0-7";
max- el enents "8";
key "priority";
| eaf priority {

type uint8 {

range "0..7";
}

}
| eaf bandwi dth {

description
"Max LSP Bandwi dth for this |evel™;
type deci mal 64 {
fraction-digits 2;
}
}
}

cont ai ner packet-sw tch-capable {

when "../switching-capability = PSC-1 or ../swtching-capability
../switching-capability = PSC-3 or ../switching-capability = PSC 4";

description
"Interface has packet-sw tching capabilities";
| eaf m ni mum | sp-bandw dth {
description
"M ni rum LSP Bandwi dth. Units in bytes per second";
type deci nal 64 {
fraction-digits 2;

}
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}

| eaf interface-ntu {
description
"Interface MIuU';
type uint 16;
}
}
container time-division-nultiplex-capable {
when "../switching-capability = TDM';
description
"Interface has tine-division multiplex capabilities"
| eaf m ni mum | sp-bandw dth {
description
"M ni mum LSP Bandwi dth. Units in bytes per second"
type deci mal 64 {
fraction-digits 2;
}

| eaf indication {
description
"Indication whether the interface supports Standard or Arbitrary S
ONET/ SDH';
type uint 16;
}
}
}
list srlg-values {
description
"List of Shared Risk Link Group this interface belongs to."
key "srl g-val ue";
| eaf srlg-value {
description
"Shared R sk Link G oup val ue”
type uint32;
}

| eaf l|ink-protection-type {
description
"Link Protection Type desired for this |ink"
type uint 16;

}
}

<CODE ENDS>

9. Security Considerations
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The transport protocol used for sending the topol ogy data MJST
support authentication and SHOULD support encryption. The data-nodel
by itself does not create any security inplications.
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