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Abst r act

Thi s docunent defines an abstract (generic) YANG data nodel for
net wor k/ servi ce topol ogi es and inventories. The nodel serves as a
base nodel which is augnented with technol ogy-specific details in
other, nore specific topology and inventory nodel s.
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1.

I nt roducti on

Thi s docunment introduces an abstract (base) YANG [ RFC6020] [ RFC6021]
data nodel to represent networks and topol ogies. The data nodel is
divided into two parts. The first part of the nodel defines a
network nodel that allows to define network hierarchies (i.e. network
stacks) and to mamintain an inventory of nodes contained in a network.
The second part of the nodel augnents the basic network nodel with
information to describe topology information. Specifically, it adds
the concepts of links and term nation points to describe how nodes in
a network are connected to each other. Moreover the nodel introduces
vertical layering relationships between networks that can be
augrmented to cover both network inventories and network/service

t opol ogi es.

The nodel can be augnented to describe specifics of particular types
of networks and topol ogies. For exanple, an augnenting nodel can
provi de network node information with attributes that are specific to
a particular network type. Exanples of augnenting nodels include
nmodel s for Layer 2 network topol ogi es, Layer 3 network topol ogies,
such as Unicast 1GP, IS-1S [RFC1195] and OSPF [ RFC2328], traffic

engi neering (TE) data [ RFC3209], or any of the variety of transport
and service topologies. Information specific to particular network
types will be captured in separate, technol ogy-specific nodels.

The basic data nodels introduced in this docunent are generic in
nature and can be applied to many network and service topol ogi es and
inventories. The nodels allow applications to operate on an

i nventory or topology of any network at a generic |level, where
specifics of particular inventory/topology types are not required.

At the sanme tine, where data specific to a network type does cones
into play and the nodel is augnented, the instantiated data stil
adheres to the sane structure and is represented in consistent
fashion. This also facilitates the representation of network

hi erar chi es and dependenci es between di fferent network conponents and
net wor k types.

The abstract (base) network YANG nodul e introduced in this docunent,
entitled "network.yang", contains a list of abstract network nodes
and defines the concept of network hierarchy (network stack). The
abstract network node can be augnented in inventory and topol ogy
nmodel s with inventory and topol ogy specific attributes. Network

hi erarchy (stack) allows any given network to have one or nore
"supporting networks". The relationship of the base network nodel
the inventory nodels and the topol ogy nodels is shown in the
following figure (dotted lines in the figure denote possible
augnmentations to nodels defined in this docunent).
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Figure 1: The network nodel structure

The net wor k-t opol ogy YANG nodul e i ntroduced in this docunent,
entitled "network-topol ogy. yang", defines a generic topol ogy nodel at
its nost general |evel of abstraction. The nodul e defines a topol ogy
graph and conponents fromwhich it is conposed: nodes, edges and
term nation points. Nodes (fromthe network.yang nodul e) represent
graph vertices and |links represent graph edges. Nodes also contain
term nation points that anchor the Iinks. A network can contain

mul tiple topol ogies, for exanple topologies at different |ayers and
overlay topologies. The nodel therefore allows to capture

rel ati onshi ps between topol ogi es, as well as dependenci es bet ween
nodes and termni nati on points across topol ogies. An exanple of a
topol ogy stack is shown in the follow ng figure.
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Fi gure 2: Topol ogy hierarchy (stack) exanple

The figure shows three topology levels. At top, the "Service"

topol ogy shows rel ati onshi ps between service entities, such as
service functions in a service chain. The "L3" topol ogy shows
network el enments at Layer 3 (1P) and the "Optical" topol ogy shows
network el enents at Layer 1. Service functions in the "Service"
topol ogy are mapped onto network el enments in the "L3" topol ogy, which
in turn are mapped onto network elenments in the "Optical" topol ogy.
The figure shows two Service Functions - X1 and X2 - mapping onto a
single L3 network elenent; this could happen, for exanple, if two
service functions reside in the same VM (or server) and share the
same set of network interfaces. The figure shows a single "L3"
networ k el enent mapped onto nultiple "Optical" network el enents.
This could happen, for exanple, if a single IP router attaches to
mul ti pl e ROADMs in the optical domain

Anot her exanpl e of a service topology stack is shown in the follow ng
figure.
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Fi gure 3: Topol ogy hierarchy (stack) exanple

The figure shows two VPN service topol ogies (VPNL and VPN2)
instanti ated over a common L3 topol ogy. Each VPN service topology is
mapped onto a subset of nodes fromthe comon L3 topol ogy.

There are multiple applications for such a data nodel. For exanple,
within the context of |I2RS, nodes within the network can use the data
nmodel to capture their understanding of the overall network topol ogy
and expose it to a network controller. A network controller can then
use the instantiated topology data to conpare and reconcile its own
vi ew of the network topology with that of the network el enents that

it controls. Alternatively, nodes within the network coul d propagate
this understanding to conpare and reconcile this understanding either
anong thenselves or with help of a controller. Beyond the network

el ement and the inmedi ate context of I2RS itself, a network
controller mght even use the data nobdel to represent its view of the
topology that it controls and expose it to applications north of
itself. Further use cases that the data nodel can be applied to are
described in [topol ogy-use-cases].
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3.

3.

1.

Definitions and Acronymns

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 |Internedi ate System protocol
NETCONF: Networ k Confi guration 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 HTTP

YANG A data definition |anguage for NETCONF
Model Structure Details
Base Network Model
The abstract (base) network nodel is defined in the network.yang
module. Its structure is shown in the following figure. Brackets

encl ose list keys, "rw' neans configuration data, "ro" means
operational state data, and "?" designates optional nodes.
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nodul e: net wor k
+--rw networ k* [ network-id]
+--rw network-id net wor k-i d
+--ro server-provi ded? bool ean
+--rw network-types
+--rw supporting-network* [network-ref]

| +--rw network-ref | eaf r ef
+--rw node* [node-id]
+--rw node-id node-i d
+--rw supporting-node* [network-ref node-ref]
+--rw net wor k-r ef | eaf r ef
+--rw node-r ef | eaf r ef

Figure 4: The structure of the abstract (base) network node

The nodel contains a list of networks, contained underneath a root
container for this nodule, "network". Each network is captured in
its own list entry, distinguished via a network-id.

A network has a certain type, such as L2, L3, OSPF or IS-1S. A
network can even have multiple types simnultaneously. The type, or
types, are captured underneath the container "network-types". In
this nodule it serves nerely as an augnentation target; network-
specific modules will later introduce new data nodes to represent new
network types below this target, i.e. insert them bel ow "network-
types" by ways of yang augnentati on.

When a network is of a certain type, it will contain a correspondi ng
data node. Network types SHOULD al ways be represented using presence
containers, not leafs of enpty type. This allows to represent

hi erarchi es of network subtypes within the instance information. For
exanpl e, an instance of an OSPF network (which, at the same time, is
a layer 3 unicast |1GP network) would contain underneath "network-
types" another container "l 3-unicast-igp-network™, which in turn
woul d contain a container "ospf-network".

A network can in turn be part of a hierarchy of networks, building on
top of other networks. Any such networks are captured in the |ist
"supporting-network”. A supporting network is in effect an underl ay
net wor K.

Furt hernmore, a network contains an inventory of nodes that are part
of the network. The nodes of a network are captured in their own
list. Each node is identified relative to its containing network by
a node-i d.

It should be noted that a node does not exist independently of a
network; instead it is a part of the network that it is contained in.
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In cases where the sane entity takes part in nultiple networks, or at
multiple layers of a networking stack, the sanme entity will be
represented by nultiple nodes, one for each network. In other words,
the node represents an abstraction of the device for the particul ar
network that it a is part of. To represent that the same entity or
same device is part of multiple topol ogies or networks, it is
possible to create one "physical" network with a list of nodes for
each of the devices or entities. This (physical) network,
respectively the (entities) nodes in that network, can then be
referred to as underlay network and nodes fromthe other (Il ogical)
net wor ks and nodes, respectively. Note that the nodel allows to
define nore than one underlay network (and node), allow ng for

si nul taneous representation of |ayered network- and service

t opol ogi es and physical instantiation.

Simlar to a network, a node can be supported by other nodes, and map
onto one or nore other nodes in an underlay network. This is

captured in the list "supporting-node". The resulting hierarchy of
nodes allows also to represent device stacks, where a node at one
| evel is supported by a set of nodes at an underlying |level. For

exanple, a "router” node night be supported by a node representing a
route processor and separate nodes for various |line cards and service
nmodul es, a virtual router mght be supported or hosted on a physica
devi ce represented by a separate node, and so on

3.2. Base Network Topol ogy Mode

The abstract (base) network topol ogy nodel is defined in the

"net wor k-t opol ogy. yang" nodule. 1t builds on the network nodel
defined in the "network.yang" nodul e, augnmenting it with |inks
(defining how nodes are connected) and term nation-points (which
anchor the links and are contained in nodes). The structure of the
net wor k topol ogy nodule is shown in the follow ng figure. Brackets
encl ose list keys, "rw' neans configuration data, "ro" neans
operational state data, and "?" designates optional nodes.
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nodul e: net wor k
+--rw networ k* [ network-id]
+--rw network-id net wor k-i d
+--ro server-provi ded? bool ean
+--rw network-types
+--rw supporting-network* [network-ref]

| +--rw network-ref | eaf r ef

+--rw node* [node-id]

| +--rw node-id node-i d

| +--rw supporting-node* [network-ref node-ref]

| | +--rw network-ref | eaf r ef

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

| +--rwilnk:termnation-point* [tp-id]

| +-rwlnk:tp-id tp-id
|

+--rw | nk: supporting-term nation-point*
[ networ k-ref node-ref tp-ref]

| +--rw | nk: net wor k- r ef | eaf r ef
| +--rw | nk: node-r ef | eaf r ef
| +--rw | nk: tp-ref | eaf r ef
+--rw I nk:link* [link-id]
+--rw I nk:link-id link-id
+--rw | nk: source
| +--rw I nk:source-node | eaf r ef
| +--rwlnk:source-tp? | eaf r ef
+--rw | nk: destination
| +--rw I nk:dest-node | eaf r ef
| +--rwlnk:dest-tp? | eaf r ef
+--rw | nk: supporting-link* [network-ref |ink-ref]
+--rw | nk: net wor k- r ef | eaf r ef
+--rw | nk:link-ref | eaf r ef

Figure 5: The structure of the abstract (base) network topol ogy node

A node has a list of termination points that are used to termnate
links. An exanple of a termination point nmight be a physical or
| ogi cal port or, nore generally, an interface.

Li ke a node, a term nation point can in turn be supported by an
underlying termnation point, contained in the supporting node of the
under | ay networKk.

Alink is identified by a link-id that uniquely identifies the link
within a given 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 termination point on that node. Sinilar to a
node, a link can map onto one or nore links in an underlay topol ogy
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(which are termnated by the correspondi ng underlay term nation
points). This is captured in the Iist "supporting-link".

3.3. Extending the nodel

In order to derive a nodel for a specific type of network, the base

nodel can be extended. This can be done roughly as follows: for the
new network type, a new YANG nodul e is introduced. 1In this nodule a
nunber of augmentations are defined agai nst the network and networ k-
t opol ogy YANG nodul es.

We start with augnmentations agai nst the network.yang nodule. First,
a new network type needs to be defined. For this, a presence

contai ner that resenbles the new network type is defined. It is
inserted by neans of augmentation bel ow the network-types contai ner
Subsequently, data nodes for any network-type specific node
paraneters are defined and augnented into the node list. The new
data nodes can be defined as conditional ("when") on the presence of
the correspondi ng network type in the containing network. |n cases
where there are any requirenents or restrictions in terms of network
hi erarchi es, such as when a network of a new network-type requires a
specific type of underlay network, it is possible to define
correspondi ng constraints as well and augment the supporting-network
list accordingly. However, care should be taken to avoid excessive
definitions of constraints.

Subsequent |y, augnentations are defined agai nst networKk-
topol ogy. yang. Data nodes are defined both for |ink paraneters, as
well as termination point paranmeters, that are specific to the new
network type. Those data nodes are inserted by way of augnentation
into the link and term nation-point lists, respectively. Again, data
nodes can be defined as conditional on the presence of the
correspondi ng network-type in the contai ning network, by adding a
correspondi ng "when"-statenent.

It is possible, but not required, to group data nodes for a given

net wor k-type under a dedi cated container. Doing so introduces
further structure, but |engthens data node path nanes.

In cases where a hierarchy of network types is defined, augnentations
can in turn agai nst augnenting nodul es, with the nodul e of a network
"sub-type" augnenting the nodul e of a network "super-type".

3.4. Discussion and sel ected desi gn deci sions
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3.4.1. Container structure

Rat her than maintaining lists in separate containers, the nodel is
kept relatively flat in terns of its containnent structure. Lists of
nodes, |inks, termnation-points, and supporting-nodes, supporting-
links, and supporting-term nation-points are not kept in separate
containers. Therefore, path specifiers used to refer to specific
nodes, be it in managenment operations or in specifications of
constraints, can remain relatively conpact. O course, this neans
there is no separate structure in instance information that separates
elements of different lists fromone another. Such structure is
semantically not required, although it might enhance human
readability in sone cases

3.4.2. Underlay hierarchies and mappi ngs

To mninize assunptions of what a particular entity mght actually
represent, mappi ngs between networks, nodes, links, and term nation
points are kept strictly generic. For exanple, no assunptions are
made whether a termination point actually refers to an interface, or
whet her a node refers to a specific "systenl or device; the nodel at
this generic | evel nakes no provisions for that.

Wher e addi tional specifics about mappings between upper and | ower

| ayers are required, those can be captured in augnenting nodul es.

For exanple, to express that a termi nation point in a particular
network type maps to an interface, an augnenting nodul e can introduce
an augnentation to the termnation point which introduces a | eaf of
type ifref that references the corresponding interface [ RFC7223].
Simlarly, if a node maps to a particular device or network el ement,
an augnenting nodul e can augnent the node data with a | eaf that

ref erences the network el enent.

It is possible for links at one |l evel of a hierarchy to map to
multiple links at another |evel of the hierarchy. For exanple, a VPN
topol ogy m ght nodel VPN tunnels as links. Where a VPN tunnel naps
to a path that is conposed of a chain of several links, the link wll
contain a list of those supporting links. Likewi se, it is possible
for a link at one level of a hierarchy to aggregate a bundle of |inks
at another |evel of the hierarchy.

3.4.3. Use of groupings

The nmodel makes use of groupings, instead of sinply defining data
nodes "in-line". This allows to nore easily include the
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,
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because constraints involving data nodes outside the grouping need to
be specified in conjunction with a "uses" statement where the
grouping is applied. This also neans that constraints and XPat h-
statenents need to specified in such a way that they navigate "down"
first and select entire sets of nodes, as opposed to being able to
sinply specify them agai nst individual data nodes.

3.4.4. Cardinality and directionality of links

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 to applications that make use of graph algorithms. Bi-
directional connections can be represented through pairs of
unidirectional links. Miltipoint networks can be represented through
pseudo-nodes (simlar to IS 1S, for exanple). By introducing

hi erarchi es of nodes, with nodes at one |evel nmapping onto a set of
other nodes at another level, and introducing new links for nodes at
that level, topologies with connections representing non-point-to-
poi nt communi cati on patterns can be represented.

3.4.5. Miltihomng and |ink aggregation

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

term nation points. Connections involving multihonming or Iink
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 |inks.

3.4.6. Mapping redundancy

In a hierarchy of networks, there are nodes mapping to nodes, |inks
mapping to links, and term nation points mapping to term nation
points. Sone of this information is redundant. Specifically, if the
link-to-1inks mappi ng known, and the termination points of each |ink
known, term nation point mapping information can be derived via
transitive closure and does not have to be explicitly configured.
Nonet hel ess, in order to not constrain applications regardi ng which
mappi ngs they want to configure and which should be derived, the
nodel does provide for the option to configure this infornmation
explicitly. The nodel includes integrity constraints to allow for
val idating for consistency.
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3.4.7. Typing

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

nodul es, augnenting the network-types contai ner

3.4.8. Representing the sane device in nultiple networks

One common requi rement concerns the ability to represent that the
sane device can be part of multiple networks and topol ogi es.

However, the nodel defines a node as relative to the network that it
is contained in. The same node cannot be part of multiple
topologies. In nmany cases, a node will be the abstraction of a
particular device in a network. To reflect that the sanme device is
part of multiple topol ogies, the followi ng approach m ght be chosen
A new type of network to represent a "physical" (or "device") network
is introduced, with nodes representing devices. This network forns
an underlay network for |ogical networks above it, with nodes of the
| ogi cal network mapping onto nodes in the physical network.

This scenario is depicted in the following figure. |t depicts three
networks with two nodes each. A physical network P consists of an

i nventory of two nodes, D1 and D2, each representing a device. A
second network, X, has a third network, Y, as its underlay. Both X
and Y al so have the physical network P as underlay. X1 has both Y1
and D1 as underlay nodes, while Y1 has D1 as underlay node.

Li kewi se, X2 has both Y2 and D2 as underlay nodes, while Y2 has D2 as
underlay node. The fact that X1 and Y1 are both instantiated on the
same physical node D1 can be easily derived.
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Fi gure 6: Topol ogy hierarchy exanmple - nultiple underlays

In the case of a physical network, nodes represent physical devices
and term nation points physical ports. It should be noted that it is
al so concei vabl e to augnment the nodel for a physical network-type,
defining augnentati ons that have nodes reference systeminformation
and term nation points reference physical interfaces, in order to
provide a bridge between network and devi ce nobdel s.

3.5. Items 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
network i nformation, including vertical cross-network dependenci es,

captured in one coherent nodel. |In npbst cases network topol ogy
information is discovered about a network; the topology is considered
a property of the network that is reflected in the nodel. That said,

it is conceivable 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 network topol ogy
information as read-only, but includes a flag that indicates for each
networ k whether it should be considered as read-only or configurable
by applications.

An alternative would be to designate network |ist elenents as read
only. The read-only network list includes each network; it is the
complete reference. |In parallel a second network list is introduced.
This list serves the purpose of being able to configure networks
which are then mirrored in the read-only list. The configurable
network |ist adheres to the sane structure and uses the sane
groupings as its read-only counterpart. As nost data is defined in
t hose groupings, the amount of additional definitions required wll
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be limted. A configurable network will thus be represented tw ce:
once in the read-only list of all networks, a second tinme in a
configuration sandbox.

Simlar considerations apply to scenarios in which data is subject to
configuration, but inplenmentations want to be smart enough require
only some mapping information, such as which link is supported by

whi ch other links, while automatically deriving other mapping

i nformati on where possible, such as which term nation points are
supported by which underlay termination points. To acconmobdate such
cases, separate provision nmay again be nade by including anot her
"server-provi ded" option.

4.  YANG Mbdul es
4.1. Defining the Abstract Network: network.yang

<CCODE BEG NS> file "network.yang"

nodul e network {
yang-version 1,
nanespace "urn: TBD: par ans: xmil : ns: yang: nodes”
prefix nd;

inmport ietf-inet-types { prefix inet; }

organi zati on "TBD";
cont act
"W LL- BE- DEFI NED- LATER" ;
description
"Thi s nodul e defines a commbn base npdel for a collection
of nodes in a network. Node definitions s are further used
in network topol ogies and inventories.";

revision 2014-3-9 {
description
"Initial revision.";
reference "draft-clemmi 2rs-yang- net wor k-t opo- 04";

}

typedef node-id {
type inet:uri;

}

typedef network-id {
type inet:uri;

groupi ng network-ref {
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| eaf network-ref {
type leafref {
pat h "/ network/topol ogy-id";
}

}
}

groupi ng node-ref {
uses network-ref;
| eaf node-ref {
type leafref {
path "/ networ k[ networ k-id=current ()" +
"/../network-ref]/node/ node-id";
}
}
}

list network {
key "network-id";

| eaf network-id {
type network-id;

| eaf server-provided {
type bool ean;
config fal se

}

cont ai ner network-types {

}

list supporting-network {
key "network-ref";
| eaf network-ref {
type leafref {
path "/ networ k/ networ k-id";

}
}
}
list node {
key "node-id";
| eaf node-id {
type node-id;

|ist supporting-node {
key "network-ref node-ref";
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| eaf network-ref {
type leafref {
path "../../../supporting-network/network-ref";
}

}

| eaf node-ref {
type leafref {
/1 path "/networKk[network-id=current()" +
{1 "l..Inetwork-ref]/node/ node-id";
pat h "/ networ k/ node/ node-i d";

}
<CODE ENDS>
4.2. Creating Abstract Network Topol ogy: network-topol ogy. yang

<CODE BEG NS> fil e "network-topol ogy. yang"
nmodul e net wor k-t opol ogy {
yang- version 1,
namespace "urn: TBD: parans: xm : ns: yang: | i nks";
prefix | nk;

inmport ietf-inet-types { prefix inet; }
i mport nodes { prefix nd; }

organi zation "TBD";
cont act
"W LL- BE- DEFI NED- LATER"
description
"Thi s nodul e defi nes a cormmbn base nodel for a collection of |inks
connecti ng nodes.";

revision 2014-3-9 {
description
“Initial revision.";
reference "draft-clemmi 2rs-yang- net wor k-t opo-04";

}

typedef link-id {
type inet:uri;
description
"An identifier for alink in a topol ogy.
The identifier rmay be opaque.
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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 sane 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 .";

}

grouping link-ref {
description
"A type for an absolute reference a link instance.
(This type should not be used for relative references.
In such a case, a relative path should be used instead.)";
uses nd: networ k-r ef ;
| eaf link-ref {
type leafref {
path "/ nd: networ k[ nd: network-id=current()" +
“/../nd:network-ref]/link/link-id";
}
}
}

grouping tp-ref {
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.)";
uses nd: node-ref;
| eaf tp-ref {
type leafref {
pat h "/ nd: net wor k[ nd: net wor k-i d=current ()" +
"/../nd: network-ref]/nd: node[ nd: node-id=current ()" +
"/../nd:node-ref]/termnation-point/tp-id";
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}
}
augnment "/ nd: network" {
list link {
key "link-id";
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 belongs.";
}

description
"A Network Link connects a by Local (Source) node and
a Renote (Destination) Network Nodes via a set of the
nodes’ termnination points.
As it is possible to have several |inks between the sane
source and destination nodes, and as a link could
potentially be re-honed between term nation points, to
ensure that we would al ways know to di stingui sh between
links, every link is identified by a dedicated |ink
identifier.
Note that a link nodels a point-to-point link, not a
mul ti point 1ink.
Layeri ng dependencies on links in underlay topol ogies are
not represented as the layering information of nodes and of
term nation points is sufficient.”
cont ai ner source {

description

"This container holds the |ogical source of a particular

link.";
| eaf source-node {

type leafref {

path "../../../nd: node/ nd: node-id";

mandat ory true
description
"Source node identifier, nmust be in sanme topol ogy."
}
| eaf source-tp {
type leafref {
path "../../../nd:node[ nd: node-id=current()/.." +
"/ source-node]/termination-point/tp-id";
}

description

"Termi nation point within source node that term nates
the link.";
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}

cont ai ner destination {
description
"This container holds the |logical destination of a
particular link.";
| eaf dest-node {
type leafref {
path "../../../nd: node/ nd: node-id";

mandat ory true

description
"Destination node identifier, nmust be in the sane
network.";

| eaf dest-tp {

type leafref {

path "../../../nd:node[ nd: node-id=current()/.." +
"/dest-node]/termnation-point/tp-id";

}

description
"Term nation point within destination node that
term nates the link.";

}
}
list supporting-link {
key "network-ref l|ink-ref";
description
“ldentifies the link, or links, that this |ink
i s dependent on.";
| eaf network-ref {
type leafref {
path "../../../nd:supporting-network/nd: net work-ref"
}

description
"This leaf identifies in which underlay topol ogy
supporting link is present.";

| eaf link-ref {

type leafref {

pat h "/ nd: net wor k[ nd: net wor k-i d=" +
"current()/../network-ref]/link/link-id";

}

description
"This leaf identifies a link which is fornms a part
of this link’s underlay. Reference |oops, where
alink identifies itself as its underlay, either
directly or transitively, are not allowed.";
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}
}
}

augrment "/ nd: networ k/ nd: node" {
list term nation-point {
key "tp-id";
description
"A termnation point can termnate a link
Dependi ng on the type of topology, a term nation point
could, for exanple, refer to a port or an interface.";
leaf tp-id {
type tp-id;
description
"Term nation point identifier."
}
Iist supporting-term nation-point {
key "network-ref node-ref tp-ref";
description
"The leaf list identifies any term 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 enmenting system";
| eaf network-ref {
type leafref {
path "../../../nd: supporting-node/nd: net work-ref";
}
description
"This leaf identifies in which topol ogy the
supporting termnation point is present."

| eaf node-ref {
type leafref {
path "../../../nd:supporting-node/nd: node-ref";
}
description
"This leaf identifies in which node the supporting
term nation point is present."”;

}
| eaf tp-ref {

type leafref {
path "/ nd: net wor k[ nd: net wor k-i d=" +
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5.

8.

8.

“current()/../network-ref]/nd: node[ nd: node-i d=" +
"“current()/../node-ref]/term nation-point" +
"[tp-id";

}

description
"Reference to the underlay node, must be in a
di fferent topol ogy";

<CODE ENDS>

Security Considerations

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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