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1 Abstract

The identification and description of network topology iscanenon problem for communities that rely on
well defined distributed resources such as the Grid, pedoo® measurement, or the control of static and
dynamic network circuits. Work produced in related effpaigch as the Network Measurements Working
Group NM-WG) [11], Network Measurement Control Working GroudNIC-WG) [10] and Network
Service Interface Working GroupNSI-WG) [12] have provided extensible mechanisms to describe and
control the flow of information from networked componentdie$e groups, to date, have not described a
scalable, reusable, and succinct representation for #tie sihd dynamic network elements they measure
and control.

The following document describes the topology descriplamguage for two of these independent efforts:
theControl Plane [3Jcommunity ancgerfSONAR [15]. This informational document is intended to present
the representation and evolution of the topology desonigtiused in these two communities.
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2 Introduction

This document presents an extensible encoding standartefaork topologydesigned and implemented
by specific parties, in particular members of entrol Plane [3] and perfSONAR [15] projects. In gen-
eral, communities engaging in the use of dynamic resouregs Cloud ComputingThe Grid Dynamic
Circuit Network$ often find the need to describe the underlying network feouece acquisition and man-
agement. Network measurements often need to refer to theenate ofnetwork infrastructureas thesubject
(e.g. “source” or “destination”) of their observed resultstially members of related OGF working groups
(e.g.NM-WG , GHPN-RG) made efforts to define canonical forms of recurring netwelgments. Subse-
guently, it was observed that by defining expligtationshipsbetween these various elements, a succinct
representation of the topology of the network could be agde As in the Network Measurement schema
[17], we propose defining basgtructural elements and varying the XMhamespacéo allow for layer- or
technology-specific information.

2.1 Goals

The goal of this document is to definenautral representation for network topology, currently used by
the Control Plane community andperfSONAR. This work can be easily extended to support new types
of networks and complements both the network measureméeinse and control protocol in terms of
representing the subjects of network measurements artbnslaip to the rest of the network at large. This
topological representation is useful in its own right and ba applied in a variety of ways, including:

e Determiningprovenancenf network measurements.
e Representing which elemerdhareinfrastructure.

e Location of appropriate points from which to measure.

A representation of the topology of the network describethis schemata should allow network mea-
surement clients and servers to discover appropriate parenseasurements and to determine if any avail-
able data is relevant to a given path.

3 Design Philosophy

All network infrastructures should be described using ®asimponents; any network representation must
include appropriate elements to be both succinct and cdepkes in theNetwork Measurement schema
one of the high-level goals of this representationasmalizingthe data representation by removing as much
redundancyas possible. The base schema is designed to facilitate ma@yporation into other network ab-
stractions that service as extensions — this mirotnject oriented softwardesign and is crux to this work.
This easy extension can be accomplished through varyingahmspace to indicate specific components.

3.1 Object Placement

There are two axes used to subdivide this network topologgrgeion: specific properties of th@Sl
protocol mode[14] vs technologyspecific requirements. These two concerns are orthogoudahgersect
cleanly, allowing the model to proceed in a natural manner.

is-wg@internet2.edu 8
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A paramount concern of the schema design is describing mletapology at various networlevels All
specific topologies may be described, albeit with some atmfunissing detail, in the most general manner

using the “base” schema. As we move to more appropriate @nthrough th@SI layersand finally to
thetechnology specificealm we are able to fully describe all necessary nuanceshiould observe that any
of the layers has still provided a fungible representation.

3.1.1 Example Placement

As an example of appropriately modeling a network topology choose an example that can easily be
decomposed into atomic units: BACP connection between two hosts. We first recognize that this is
simple relationship that may be described in general te/itsr this initial step we will look toward both
the OSlI layersand TCPto extract further representations requirements.

3.1.1.1 Base Model

Ouir first realization is that a TCP connection can be decosto®o basic components:

Two hosts

Network interfaces on each host

e Abstract “link” that represents an end to end connection

e Complexity in the middle of “link” that we can ignore

Reasonable first steps include attempting to design entitig¢epresent the hosts and including iden-
tifying information about each: e.ghostnameslIP addressesand even items such aperating system
This information may be important ®bomeongparticularly if we plan to share or otherwise export the de-
scription; it is important to be succint and complete whessilde. After modeling the hosts we turn our
attention to how theses hosts communicate over a netwoik.ighormally done via thaetwork interface
We should follow the same pattern for information retrieagiwe did with the hostspeedandnamemay
be important here along with others things. Be sure to deslbieterfaces on the machine as there may be
several.

With our end systems modeled we now examine the “link” thatneets and allows for end to end
communication. Keeping the ideas simple, it is sufficiemdte the abstraction connects the ports of two
end hosts and may contain a simple name (EQP connection between HostA and HgstBhe remainder
of the “network” in the middle is not important for this exalas we are concerned witiT&P connection:
according to th@©SI layerghis translates to “Layer 4”, th&ransport Layer In general we do not care about
the “middle” for this type of connection and will only focus dhe ends — if we were at a lowdayer it
would be important to model components that enable theeeliik.

3.1.1.2 Transport Layer Model

To re-model the same example at this layer does not requat@ndefinition of some of the key abstrac-
tions. Our first step is to take the above model, change thesaace on all elements, then attempt to come
closer in representing the initial idea. Here is a modifieciom of the original list of requirements:

e Two hosts

is-wg@internet2.edu 9
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e Network interfaces on each host including software andware details (e.gMTU)

e Abstraction to model the connection between the two incdgdiddress information, capacity, ports
used, etc.

Because the basic building blocks are in place, we do nottoeglthnge any of our original assumptions
and can add to our existing model. To the hosts we may add@aualidetail where necessary (e.g. details
aboutsoftwareandhardwarecapabilities of the hosts). To the ports we will add configjoradetails such
asMTU or even the size of theansmitandreceivequeues. Finally to the link we can add information we
are aware of such as tlhettleneck capacityor if we were so inclined references to the sub links alorg th
path if they were available.

If we still desire more detail regarding the connection,fthal step we will explore is to define a specific
use for the protocol we will be using for communicatiarCP.

3.1.1.3 TCP Model

A TCP specific schema can include more details that are notiepin the previous layers. Based on our
previous modeling there are only minor details we may hasseu

e TCP Details:congestion controalgorithm,buffer sizes timeoutinformation
e Host Details: softwareersions

e Port Details: driveversions

These may be added to the aforementioned elements afteetesgary namespace changes have been
made. A further step we will not explore here is addition diestlayers (as needed). For example if a
specific applications (e.g. file transfer) has other neeglsrittwhat is defined, it may be subdivided from
the TCPlayer. There is an infinite amount of layering that may be egdl via the building blocks of this
model.

3.2 XML Namespaces

We have adopted XML namespaces to allow reuse of these saigesament names and vary the contents
of the basic elements for each describing properties abwsrilayers” layers in this sense refers to the
OSI protocol model as described in Section 3.1.1. As in tRetwork Measurement schepsakey design
consideration is the observation that elements can be wsddscribeany network topologylayer; this
comes with the understanding that the exact contents migy difghtly betweerdayers

All namespace extensioddUST contain the elements defined in thesenamespace. Each hamespace
MAY redefinethe meaning of elements add new elements but elemer8$1OULD NOT be removed that
were previously defined. When released, each version of @s@eneMUST specify the versions of their
parentnamespaces. If a new version of a parent namespace is léaseersion of the child namespace
MUST be changed to add any new elements or properties added iarthiet pExample Namespaces:

e Base http://ogf.org/schema/network/topology/base/2007070
e Layer 2 - Base Extension http://ogf.org/schema/network/topology/12/20070707/
e Ethernet - Layer 2 Extension http://ogf.org/schema/network/topology/I2/etherd@@70707/
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3.2.1 Namespace Versioning

The developers of the schemata realized early in the desigegs that new ideas will quickly depose older
practices, particularly when reference implementatiomgdémentRECOMMENDED practices. This dual
development track (e.g. implementations vs the creaticstalable standards) has forced a key change in
the creation and use of XML namespaces. First recognizededmgbrars of the OGF community at large, a
system to define identifying names uniquely and in a unifgrisiparamount [7]. This namespace versioning
scheme is a benefit for implementers as they can easily ptabaftkward and forward compatibility of
community recommendations; the scheme also allows stasdaiters the freedom to introduce new and
experimental ideas without pollution of the schema space.

This working group has adopted several components from tBE @mmunity practice, but differ on
some structural considerations. An example of the namedpamat as adopted for the “base” namespace:

http://ogf. org/ schema/ net wor k/ t opol ogy/ base/ 20070707/
Breaking down each portion of the namespace, we are abletog®mse into the following components:

e Scheme/Domain http://ogf.org
e Customs- /schema

e Project - /network/topology

e Part/Extension - /base

e \ersion - /20070707

The first key difference between this approach and the corityndacument is a choice to subdivide
the domainlater in the namespace versus as the first item (e.g. instead gf//btthema.ogf.org” we are
using “http://ogf.org/schema”). This choice was inityadirbitrary, andSHOULD NOT change the overall
intention of the approaches.

A second difference is the lack of a specific working group @edamthe namespace; this alteration
from the specification imtentional. As a group that is working closely with and recommendingtogy
descriptions for several other working groups, it is impottnot to place distinguishing marlon the final
result. Allowing the schema to live in@mmonrarea allows other groups to easihcorporateandadd to
the work performed in this body.

The final difference is the choice to place the version adastentity of the namespace instead of im-
mediately after a group designation. This choice is relagéhplementation details of software consuming
these recommendations. To better supporthject orienteddesign of the schema the full “name” of each
element (including the namespace) needed to be presestysesion information. The easiest way to ac-
complish this is to place the version as the last piece oftifyémy information. ThisSHALL NOT change
the meaning of the original community recommendation.

3.2.2 Namespace Expansion

Using this versioning scheme it is possible and expectedhtternate approaches will manifest. The flex-
ibility offered allows for this, and the working group fullgxpects strong candidates to emerge from this
initial work. Specific expansion beyond tlSI layers into technology specific extensions (e&ghernet
SONET andTCP) are possible and encouraged.
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4 |dentifiers

The network topology identification scheme has been degigmbeglobally unique human-readableand
extensiblethe construction is in the style of Uniform Resource Nam#Rs) [8]. The namespacéor the
URN is “ogf” and thesubnamespacis “network”. All identifiersMUST begin with “urn:ogf:network:” in
this format. The remainder of the identifier consists of éesesf name and value pairs. Each of these fields
is separated by a “:” and each name and value is separatediy Bie valueMUST be encoded using the
standard URN encoding scheme with one addition. The “="atterMUST be encoded with the value “

The named fields provide a truly unique identification schesavell as a natural hierarchy to the data
similar to what is offered by the schemata we will presentect®n 5.1. There are six major fields defined
for network entities:

e domain
e node

e port

o link

e path

service

A single “*” SHOULD appear instead of a name or value field to connote an iderftfiemn unknown
network element of unknown type. If a “*” field is included,athfield MUST be the last field in the
identifier. The name and value paMdJST be ordered from most general network entity to most specific
network entity. For example, the domain fidldlUST come before the node field whidhUST come before
the port field. TherdlUST NOT exist repeated fields in the identifier.

4.1 Description of Fields

The following sections describe each field in depth. Theddsfielosely match the intention of the XML
schemata presented in Section 5.1.

41.1 Domain

The domain field MUST be used to describe the administrative domain in which tieor& element is
located, either physically or logically. If this field is ilcled, itMUST be positioned first anMUST NOT
include any trailing spaces. The val8&lIOULD be the globally uniqu®NS name for the domain, setting
the value of this field to “*” connotes the domainusknown While other options exist for this value (e.qg.
AS number), the simplicity and availability of the former matie use.

Examples

The first example describes a domain:

ur n: ogf : net wor k: donai n=dcn. i nternet 2. edu

The second exampMAY be used when we do not know the domain:

ur n: ogf : net wor k: domai n=x

Finally if after the domain field we specify a wildcard:

ur n: ogf : net wor k: domai n=dcn. i nt er net 2. edu: *
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4.1.2 Node

Thenodefield SHOULD be ahost router or even an abstraction such asite An identifier for a physical,
logical or virtual device in a domaiMUST include the domain and node fields. The domain flldST

be identical to the domain field in the identifier for the domedntaining the device. For instance if we
have previously defined the domain to be “internet2.edu”NNéST NOT refer to this same domain by
ASN “237” when talking abouényitem in this domain.

The position of this element will always be secomith respect to the domain There are no specific
rules governing value of this element which allows for maximflexibility when encoding. The value
SHOULD be a human readable description of the device. Setting the wAthe node field to “*” connotes
the device is unknown.

Examples

The first example uses the machine’s unqualifiedtnameas a value. Note this is a natural extension
since we already have specified a domain:

ur n: ogf : net wor k: donai n=i nt er net 2. edu: node=packr at

The second example demonstrates thaieY easily use a hosts addre$B\4 or IPv6):

ur n: ogf : net wor k: donmei n=i nt er net 2. edu: node=207. 75. 164. 10

Using a description instead of a host name (including spasedso acceptable:

ur n: ogf : net wor k: donai n=i nt er net 2. edu: node=Joe’ s Machi ne

Finally we MAY leave the value unspecified by using the “*” element:

ur n: ogf : net wor k: donai n=i nt er net 2. edu: node=+

4.1.3 Port

The port field describes the interface betweenaleand alink and commonly describesthernet inter-
faces,|P interfaces, or listenind CP sockets. The structure of the identifier will be decided daseif the
interface is:

e physical
e logically insideof asingle device
e constructedacross multiple devices

If the interface is physical or logically inside a single @&y the fieldMUST appeanafter the node. If
the interface is a logical interface for a domain, the fildST appear after the domain. A prudent choice
for the value is the physical interface from a networked cevor the first two options, or a logical name
for the latter.

Examples

The first example is common, simply using the designatediphlyimterface name:

ur n: ogf : net wor k: domai n=i nt er net 2. edu: node=packr at : port =et hO

The second example overloads the concept of the port anddsxtieto a TCP socket (tied to a specific
address):

ur n: ogf : net wor k: donai n=i nt er net 2. edu: node=packr at : port=207. 75. 164. 10

Finally we MAY leave it unspecified:

ur n: ogf : net wor k: domai n=i nt er net 2. edu: node=packr at : port =+
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4.1.4 Link

The link field SHOULD describelogical or physicallinks, regardless of direction. Bidirectional links
MUST appear directly after the domain designation since BE{YDULD connect multiple nodes. Unidi-
rectional links, regardless of directioklUST appear after a port. As in previous descriptions, there are n
constraints placed on the value, but c&dOULD be taken to select a name with distinct meaning to the
overall infrastructure.

4.1.4.1 Unidirectional Intra-domain/Inter-domain Links

An identifier for aunidirectional link MUST include values for thelomain node port andlink fields.
The undirectional link “belongs” to the port which utilizé®e link; the fields that are contained in the link
identifier MUST be identical to the fields that define the individual piecesoittains (e.gdomain node
andport).

The value of the link fieldMAY be anything, buMUST be unique inside the port afdUST NOT
include any trailing spaces. The val8&lOULD be a human readable description of the link. Setting the
value of the link field to “*” connotes that the actual link isknown.

Examples

Example designates a link for a given domain, node, and ppplé. Note spaces are allowed in this
field:

ur n: ogf : net wor k: donai n=i nt er net 2. edu: node=packr at : port =et h0: | i nk=Li nk Bet ween Packrat And Routerl

We MAY also leave the name of the link unspecified:

ur n: ogf : net wor k: domai n=i nt er net 2. edu: node=packr at : port =et h0: | i nk=x

4.1.4.2 Bidirectional Domain Links

An identifier for abidirectional link that begins and ends solely in one domBST include the link
field andSHOULD include the domain field. If the domain field is includedMUST be identical to the
previously specified domain field. The value of the link fislAY be anything, buMUST be unigue inside
the domain if the domain field is included or globally unigii@ot andMUST NOT include any trailing
spaces.

The valueSHOULD be a human readable description of the link &IOULD be the same value as
the undirectionallinks that make up the link. Setting the value of the link fiedd*” connotes the actual
link is unknown.

Example:

Similar to theunidirectional link example, we only need to specify the link in terms of tloendin it
exists within:

ur n: ogf : net wor k: donai n=i nt ernet 2. edu: | i nk=Li nk Bet ween Packrat And Routerl

4.1.4.3 Bidirectional Inter-domain Links

An identifier for abidirectional link that begins and ends in different domaM&/ST include only a single
item: the link field. The value of the link fieldVIAY be anything, buMUST be globally unique and
MUST NOT include any trailing spaces. The val8elOULD be a human readable description of the link
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andSHOULD be the same value as tbhedirectional links that make up the link. Setting the value of the
link field to “*” connotes the link is unknown.

Examples

Similar to the previous examples, we do not specify a spetifinain:

urn: ogf : networ k: |'i nk=Li nk Between Internet2 And ESNet urn:ogf:network:|ink=x

4.1.5 Path

The path field SHOULD be used for circuits or other named paths. It is possiblegateran identifier for
a path that is completely contained within a single domaispanning multiple domains. In either case, the
path fieldMUST appeaimmediatelyafter the domain field of the domain creating the identifidre Value
MAY be anything, buMUST be unique to each domain.

Examples

This example demonstrates a path within one domain.

ur n: ogf : net wor k: domai n=i nt er net 2. edu: pat h=I N2P3_Ci rcui t

4.1.6 Service

Theservicefield is used in identifiers foserviceseither hardware or software, offered by network elements.
TheseMAY be used to describe services siWgab ServicedCMP respondersor optical converters This
field will appear after the field for the item providing the \W@ee. For example, a service offered by a
domain would appeammediately aftethe domain field. The valuglAY be anything, buSHOULD be a
human-readable description of the service provided.

Examples

ur n: ogf : net wor k: donmei n=i nt er net 2. edu: node=packr at : servi ce=http

ur n: ogf : net wor k: domai n=i nt er net 2. edu: node=packr at : ser vi ce=per f SONARY2 0 SNVPY20 VA

5 Topology Model

Given the requirements for identifiers described in Sedfiothere are several natural topologies elements
we will focus on defining immediately for our “base” repretsgion. In addition to the aformentioned
concepts (e.gdomain node port, link, pathandservicg we will also introduce three convenience elements
(topology network andendpoint pai) along with a key concept that allows extensibilitgiation.

The following sections will go into detail on each elementhia “base” schema. After motivating each
element, we will explore tooling that allows for the definiogrelationships between elements. Finally we
will touch on theextensiormechanism by introducing schemata that conform taQBé protocol model

5.1 Basic Elements

The “base”schematalefines the core elements tis#OULD be used to describe network topologies. Each
element was included in the base to uniquely moaslramorconcept — items that are not considered were
deemednappropriatefor a generic network model due to inability to cleanly magstd-schemata. The
following sections present a collection of the top lesteimentsaind select detail regardirsyib-elementand
attributes
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5.1.1 Topology

The topology element serves as a “container” for storage and transmisgimetwork topologies. This
element does not serve as a topological element itselfshprovided as a conveyance for implementers of
this schemata. An example use of this element follows, r@edeveral elements that appear later in this
document are included.

<t opol ogy>
<donmi n i d="urn: ogf: net wor k: domai n=domai n. net ">
<node i d="urn: ogf: networ k: domai n=domai n. net : node=host A" />
<link id="urn:ogf:network: domai n=domai n. net: | i nk=host A_t o_domai n2" />
</ donai n>
<node i d="urn: ogf: net wor k: domai n=donai n2. net: node=host 2" />

</t opol ogy>

5.1.1.1 Entities In The Domain

A topology MAY have any number adomain node link, networkand path entities defined immediately
underneath it. The elemeM&UST correspond to topological features contained in the domain

5.1.2 Domain

The domain element serves astap-levellevel element designed to enclose other topology elematds i
a logical administrative boundary. In technical termss stiould be viewed as the “demarcation point” for
the enclosed entities. In practice a topology defined forrgarazation should contain only one domain
element unless they control multipiep-leveldomains. Recursively defining domains is also possible (e.g
“internet2.edu” may contain “dcn.internet2.edu”) in thistem.

To illustrate use of thelomainelement consider this simple example. Note that the indwedements
represent other topology elements presented on this page.

<domai n i d="urn: ogf : net wor k: domai n=donai n. net ">
<node i d="urn: ogf: net wor k: domai n=donai n. net : node=host A" />
<link id="urn:ogf:network: domai n=donai n. net: | i nk=host A t o_domai n2" />

</ donai n>

The following represent thattributesandelementdor the domainelement. Beyond the identification
attributesthe remainder of the element is used to enclose the topoleiyyition. These topological features
will be defined in the subsequent sections.

5.1.2.1 id Attribute
Each domain has dd attribute that contains the fully-qualified identifier fbig domain. See Section 4 for
information on constructing identifiers.

5.1.2.2 idRef Attribute

A domainMAY contain theidRef attribute. If used, théd attributeMUST NOT be used. The purpose
of this construct is to definpartial information about a domain. When present the domain eleivié
be interpreted as being “non-authoritative” éldOULD be viewed as offeringdditionalinformation not
defined in the original element. See Section 4 for informmatio constructing identifiers.
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5.1.2.3 Entities In The Domain

A domain MAY have any number olomain node link, networkand path entities defined immediately
underneath it. The elememM&UST correspond to topological features contained in the domHie links
that are defineMUST bebidirectionallinks; unidirectionallinks MUST be defined inside of ports.

5.1.3 Node

ThenodeelementMAY represent &ost anetwork deviceor an abstract concept such as “site”. The node
element contains basic properties that apply to all nodas.fdllowing example demonstrates a node with
several attributes described.

<node i d="urn: ogf: net wor k: domai n=donai n. net : node=host A" >
<nane>host A. donai n. net </ name>
<addr ess>192. 168. 0. 1</ addr ess>
<rol e>host</rol e>
<descri ption>Host in domain.net</description>
<l ocati on>
<f | oor >4</ f | oor >
<r oon>304</ r oon>
<cage>1</ cage>
<rack>5</rack>
<shel f >2</ shel f>
</l ocati on>
<cont act >adm n@lonai n. net </ cont act >
<port id="urn:ogf: network: domai n=donai n. net: node=host A: port =et h0" />
</ node>

5.1.3.1 id Attribute

Each node has an id attribute that contains fthly-qualified identifier for this node. See Section 4 for
information on constructing identifiers.

5.1.3.2 idRef Attribute

A nodeMAY contain thadRef attribute. If used, thé attributeMUST NOT be used. The purpose of this
construct is to definpartial information about a node. When present the node eleiméivt be interpreted
as being “non-authoritative” anr8HOULD be viewed as offeringdditionalinformation not defined in the
original element. See Section 4 for information on consingcidentifiers.

5.1.3.3 Name

Node element®MAY contain one or more name elements to describe the node. Tine@lament contains
a string andMAY be any value that describes the node. TM&Y include the node’fiostnamedefault
address or adescription of the node.

5.1.3.3.1 Type

The name element contains an attribute type StdOULD be used to specify the format of the name
element. If the type of the element is unspecified or unkndieyalueSHOULD be treated as ampaque
string.
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5.1.3.4 Address

Each nodeMAY have one or more address elements. This element enclosesmation thaMAY be used
locate the node. If the type of the element is unspecified known, the valusSHOULD be treated as an
opaquestring.

5.1.3.5 Relations

One or more relation elements, see Section 5MAY be defined inside the node.

5.1.3.6 Lifetime

Lifetimeis an OPTIONAL field that describes the time during which the node had thegtes being
described. In the case of ephemeral nodes this is defined titebime the node was in existence. The
lifetime elementMUST include thestart element to describe the beginning of the time range. Theé star
element has one attributgjpe Type iISREQUIRED and describes the format of the time value. Possible
values could be “iso” for time formated in the 1SO standardsuaix” for time measured in seconds past
the epoch.

The lifetime elemenMAY also include either auration or end element. Duration contains a string
describing the amount of time that the entity persisted. @astribes the end point of the time range. Each
MAY also contain the aforementionéygpe attribute. If the lifetime element does not include an end or
duration element, the end ismspecifiecandSHOULD be assumed to be infinite.

5.1.3.7 Role

Role describes a succinct job or role the network entity maistairhe contents of this element are unspec-
ified, but SHOULD correspond to the job of the node. For example if the node @uter, the contents
SHOULD be “router”. If the node is an endpoint, the conte&tsOULD be “endpoint”.

5.1.3.8 Type

Thetype element, and relategpeattributes contained in other elements, is meant to desthidg canonical
use of the element. In the case of the node elemeni¥ define a particular use for this node (e.qg.
“host” or “switch”). The potential values of this elemenegourposely left undefined to allow for easy
generalization.

5.1.3.9 Description
Each nodeVAY include adescription element. This elemei@HOULD include a human readable descrip-
tion of the node.

5.1.3.10 Location Information

Each nodeMAY contain ondocation element whiclSHOULD be used to describe thmhysicallocation
of the node. The purpose of including this element is to mdm@sic information about where this entity
is located. The elemeMAY consist of any ofiatitude, longitude continent country, zipcode state city,
street addresdloor, room, cage rack, andshelf
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The latitude andlongitudeelements are floating point values that describe the latatioearth where
the node is located. Thatreet addresscity, state zipcodeand country MAY be included to specify the
address where the node is located. Toem cage rack and shelf MAY be used to describe precisely
where in the building a node is located.

5.1.3.11 Contact Information

Each nodeVIAY contain one or moreontact elements containing information regarding contact infarm
tion of equipment maintainers. The elemeM&Y have apriority attribute set which is a non-negative
number. The priority attributSHOULD be used to specify aordering of the contact information with the
primary contact being “0”. If multiple contact elements ha priority, the ordering is unspecified. The
lowest priority group consists of all nodes with no priordtifribute set.

The contents of the contact elem@iAY consist of: administrator email phone numberandinsti-
tution. The administratorelement is a string the&8HOULD contain the name of the administrator. The
institution element is a string th&8HOULD contain the name of the institution that has been tasked with
administering this machine. Thamailelement is a string th&&HOULD contain the email address of the
administrator or a help desk where questions about the Mz#ié be asked. Thehone numbeelement is
a string thatSHOULD contain the phone number of the administrator or the irgiitis help desk where
guestions about the nodiéAY be asked.

5.1.3.12 Comments

Each nodéMAY include one or moreommentglements. These elemei@BlOULD be used to add human-
readable comments about a specific node. TIE#$©ULD NOT be used to store necessary information
about the node.

5.1.3.13 Port

One or more port elements, see Section 5MAY be defined inside the node.

5.1.3.14 Service

One or more service elements, see Section 5MAY, be defined inside the node.

5.1.4 Relation

Therelation element is a general structure used to form a bond betwesrerts of different types. This
bond serves as an extension feature that is able to creafgeostructures using the small number of “core”
elements defined in this schema. For instametationshipsare used to subdivide a physiathernet port
into logical units or could be used to related links that esfeaicommon port (e.g. create the concept of a
bidirectionallink from two unidirectionallinks).

This elemenMUST contain a type as well as any number or elements that serafeasmces to topo-
logical elements. Possible elements inclummainldRef NodeldRef PortldRef LinkldRef PathldRef
NetworkldRefServiceldRefandGroupldRef The following is a list of possible values for thgpeelement.
Note that this list featuregssentiakelationships that are easily reproduced in practice addded in the
base for conveyance. Additional relation types are passibd encouraged in schema extensions.
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e contained-in/contains- Describes elements that are usetudd a different concept (e.g. a series of
VLAN linksmay be contained in a higher ordemd to end linkor can be used to describe “contain-
ment” (e.g. one element physically or logically is withinodimer).

e incoming-link/outgoing-link - Port elements will use this relationship to establish the dioacof a
link element

e source/destination- Link elements will use this relationship to establish the dioecof transfer to
specific ports

e peer - Describes elements that share a common container (@ggcal ports that share a common
physicalport arepeers.

An example of how to use this element in practice follows.sTxample, using only 3 elements, features
several relations of various types. Though verbose, thpsogeh yields maximum flexibility and allows the
partial specification of topology.

<node i d="urn: ogf: net wor k: domai n=donai n. net : node=host A" >
<rel ation type="contains">
<port | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: port =et hO</ port | dRef >
<port | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: port =et hi</ port| dRef >
</rel ation>
</ node>

<port id="urn:ogf:network: domai n=domai n. net : node=host A: port =et h0" >
<rel ation type="contai ned-in">
<nodel dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A</ nodel dRef >
</relation>
<rel ation type="peer">
<por t | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: port =et h1</ port | dRef >
</relation>
</ port>
<port id="urn:ogf: network: domai n=donai n. net : node=host A: port =et h1">
<rel ation type="contai ned-in">
<nodel dRef >ur n: ogf : net wor k: domai n=dommi n. net : node=host A</ nodel dRef >
</relation>
</ port>
<port i dRef="urn: ogf: network: domai n=donai n. net : node=host A: port =et h1" >
<rel ation type="peer">
<por t | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: port =et hO</ port | dRef >

</relation>
</ port>

The example illustrates the concept of defining a hostl@ and two interfacespprts) on this host. We
use the following relationships:

e Thenodecontainsports

e Theportsarecontained inanode

e Theportsarepeersof each other.

Note that in the case glort ethlwe have defined the node first, then usedt&ef to augment the initial
information. This simulates partial information that maydefined over time or in some cases in different
domains.
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5.1.5 Port

Nodes contaiports, which are the attachment pointsliofk elements. These entities have properties which
are independent of theode The following example showspzort with several sub elements included:

<port idRef="urn: ogf: network: domai n=donai n. net: node=host A: port =et h1" >
<nane>host A donai n. net : et hl1</ name>
<type>et her net </ t ype>
<description>2nd Ethernet port on hostA. domai n. net</description>
<capaci t y>1000000</ capaci t y>
<mt u>1500</ nt u>
<link id="urn:ogf:network: domai n=donai n. net: | i nk=host A _t o_domai n2" />
</ port>

5.1.5.1 id Attribute

Each port has an id attribute that contains thiky-qualified identifier for this port. See Section 4 for
information on constructing identifiers.

5.1.5.2 idRef Attribute

A port MAY contain thadRef attribute. If used, tha attributeMUST NOT be used. The purpose of this
construct is to definpartial information about a port. When present the port elenhAY be interpreted
as being “non-authoritative” anr8HOULD be viewed as offeringdditionalinformation not defined in the
original element. See Section 4 for information on consingcidentifiers.

5.1.5.3 Name

Port elementdAY contain one or more name elements to describe the port. The sement contains
a string andMAY be any value that describes the node. TMAY include theinterface of a host, the
addressfor a Layer 3 port, or a simpldescription of the port.

5.1.5.3.1 Type

The name element contains an attribute type StdOULD be used to specify the format of the name
element. If the type of the element is unspecified or unkndiayalueSHOULD be treated as ampaque
string.

5.1.5.4 Address

Each portMAY have one or more address elements. This element enclosesation thatMAY be used
locate the port. If the type of the element is unspecified &nown, the valussSHOULD be treated as an
opaquestring.

5.1.5.5 Relation

One or more relation elements, see Section SMIAY be defined inside the port.
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5.1.5.6 Lifetime

Lifetimeis an OPTIONAL field that describes the time during which the port had thepgmies being
described. In the case of ephemeral ports this is defined thébéme the port was in existence. The
lifetime elementMUST include thestart element to describe the beginning of the time range. The star
element has one attributgjpe Type iISREQUIRED and describes the format of the time value. Possible
values could be “iso” for time formated in the 1SO standardsuaix” for time measured in seconds past
the epoch.

The lifetime elemenMAY also include either auration or end element. Duration contains a string
describing the amount of time that the entity persisted. @astribes the end point of the time range. Each
MAY also contain the aforementionéygpe attribute. If the lifetime element does not include an end or
duration element, the end ismspecifiecandSHOULD be assumed to be infinite.

5.1.5.7 Type

Thetype element, and relategpeattributes contained in other elements, is meant to desthnid canonical
use of the element. In the case of the port elementM® define a particular use for this port (e.g.
“ethernet” or “sonnet”). The potential values of this elernare purposely left undefined to allow for easy
generalization.

5.1.5.8 Description

Each portMAY include adescription element. This elemei@HOULD include a human readable descrip-
tion of the port.

5.1.5.9 Capacity

Thecapacityelement describes the amount of data aly flow through the port.

5.1.5.10 MTU

Themtuelement, contains the maximum size an individsegmenbf data thatMAY be transmitted with
this port. If the port were an ethernet port, this would bedbefiguredMTU for the port. If the port were
a UDP port, the value would contain the maximum segment sizthé port. This fieldMUST contain an
integer corresponding to the number of bytes in the maximiam # the specified value is “0”, this means
that the particular interface has no maximum segment size.

5.1.5.11 Comments

Each portMAY include one or moreomment&lements. These elemei@sIOULD be used to add human-
readable comments about a specific port. THOULD NOT be used to store necessary information
about the port.

5.1.5.12 Link

One or more link elements, see Section 5.MAY be defined inside the port.
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5.1.6 Service

TheserviceelementSHOULD be used to describe services, either hardware of softwéis.cbuld include
high-level services lik&Veb Servicesr low-level services such agranslatorbetween optical wavelengths.
A simple example of aervicefollows:

<service id=" urn:ogf:network: donai n=donwi n. net : node=host A: servi ce=HTTPD" >
<name>host A. domai n. net : 80</ nanme>
<descri ption>Wb Server - hostA donain. net</description>

</ service>

5.1.6.1 id Attribute

Each service has an id attribute that containsftifig-qualified identifier for this service. See Section 4 for
information on constructing identifiers.

5.1.6.2 idRef Attribute

A service MAY contain theidRef attribute. If used, théd attribute MUST NOT be used. The purpose
of this construct is to definpartial information about a service. When present the service aleMAY
be interpreted as being “non-authoritative” éldOULD be viewed as offeringdditionalinformation not
defined in the original element. See Section 4 for informmatio constructing identifiers.

5.1.6.3 Name

Service element®IAY contain one or more name elements to describe the servieendrhe element con-
tains a string antlAY be any value that describes the service. TM#Y include the servicesBostname
defaultaddress or adescription of the service.

5.1.6.3.1 Type

The name element contains an attribute type 8idOULD be used to specify the format of the name
element. If the type of the element is unspecified or unkndieyalueSHOULD be treated as apaque
string.

5.1.6.4 Type

Thetype element, and relateigpeattributes contained in other elements, is meant to destnid canonical
use of the element. In the case of the service elemeril®é define a particular use for this service (e.g.
“Web Service” or “transport”). The potential values of teiement are purposely left undefined to allow for
easy generalization.

5.1.6.5 Description

Each serviceMAY include adescription element. This elemerBHOULD include a human readable
description of the service.
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5.1.6.6 Comments

Each servicdMAY include one or moreommentlements. These elemerB$1OULD be used to add
human-readable comments about a specific service. TBESHJLD NOT be used to store necessary
information about the service.

5.1.6.7 Relation

One or more relation elements, see Section 5SMAY be defined inside the service.

5.1.6.8 Lifetime

Lifetimeis anOPTIONAL field that describes the time during which the service hadgptheerties being
described. In the case of ephemeral services this is definieel the time the service was in existence. The
lifetime elementMUST include thestart element to describe the beginning of the time range. Theé star
element has one attributgjpe Type iISREQUIRED and describes the format of the time value. Possible
values could be “iso” for time formated in the ISO standardéuaix” for time measured in seconds past
the epoch.

The lifetime elemenMAY also include either auration or end element. Duration contains a string
describing the amount of time that the entity persisted. @astribes the end point of the time range. Each
MAY also contain the aforementionéygpe attribute. If the lifetime element does not include an end or
duration element, the end ismspecifiecandSHOULD be assumed to be infinite.

5.1.7 Link

Entities (e.gnodes portsare connected vienk elements. These entitiddAY be viewed agdgesn graph
terminology. The following example shows some of the sdpants that are possible iriak:

<link id="urn:ogf: network: domai n=donai n. net: | i nk=host A_t o_domai n2">
<r enot eLi nkl d>ur n: ogf : net wor k: domai n=domai n2. net: | i nk=host Z_t o_domai n</ r enot eLi nkl d>
<type>bi di rectional /type>
<description>Inter-domain |ink fromdomain.net to domai n2. net</description>

</1ink>

5.1.7.1 id Attribute

Each link has an id attribute that contains flidly-qualified identifier for this link. See Section 4 for
information on constructing identifiers.

5.1.7.2 idRef Attribute

A link MAY contain thedRef attribute. If used, thél attributeMUST NOT be used. The purpose of this
construct is to definpartial information about a link. When present the link elemBtY be interpreted
as being “non-authoritative” anr8HOULD be viewed as offeringdditionalinformation not defined in the
original element. See Section 4 for information on consingcidentifiers.

5.1.7.3 Name

Link elementdVIAY contain one or more name elements to describe the link. Tine méement contains a
string andVIAY be any value that describes the link.
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5.1.7.3.1 Type

The name element contains an attribute type 8idOULD be used to specify the format of the name
element. If the type of the element is unspecified or unkndhayalueSHOULD be treated as ampaque
string.

5.1.7.4 Relation

One or more relation elements, see Section 5SMAY be defined inside the link.

5.1.7.5 Lifetime

Lifetimeis an OPTIONAL field that describes the time during which the link had thepprties being
described. In the case of ephemeral links this is defined tbhéome the link was in existence. The lifetime
elementMUST include thestart element to describe the beginning of the time range. Theatment has
one attributetype Type iSREQUIRED and describes the format of the time value. Possible valoelsl c
be “iso” for time formated in the ISO standards or “unix” fame measured in seconds past the epoch.

The lifetime elemenMAY also include either duration or end element. Duration contains a string
describing the amount of time that the entity persisted. d@wtribes the end point of the time range. Each
MAY also contain the aforementionéygbe attribute. If the lifetime element does not include an end or
duration element, the endimspecifiedandSHOULD be assumed to be infinite.

5.1.7.6 RemoteLinkld

The remoteLinkld element is used to reference the “far” (e.gmotg end of a link thatMAY have a
different name depending on domain policy. This IMRY also be used in cases where twi-directional
links are employed to describebadirectional connection.

5.1.7.7 Type

Thetype element, and relategpeattributes contained in other elements, is meant to destnié canonical
use of the element. In the case of the link elementhM&Y define a particular use for this link (e.g.
“logical” or “physical”). The potential values of this elemt are purposely left undefined to allow for easy
generalization.

5.1.7.8 Description
Each linkMAY include adescription element. This elemer@HOULD include a human readable descrip-
tion of the node.

5.1.7.9 GlobalName

The globalName elementSHOULD be used to give globally uniquename that describes a link. This
element contains an attribute describing wiygeof name this element contains. The types and contents of
the element are unspecified as the element is deprecated.
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5.1.7.10 Comments

Each linkMAY include one or moreomment&lements. These eleme@slOULD be used to add human-
readable comments about a specific link. Th8s#8ULD NOT be used to store necessary information
about the link.

5.1.8 Network

Thenetwork elementMAY contain any number dflodeldRe$, LinkldRefs, orPortldRefs which are used
to define the set of elements contained in the network. Ifytheof the network has been set, all the elements
in the networkMUST be connected using the specified type. A simple example ofveonle is pictured
below:

<networ k i d="urn: ogf: net wor k: domai n=donai n. net : net wor k=net wor k1" >
<description>Networkl in the donain.net domai n</description>

<node i d="urn: ogf: net wor k: domai n=domai n. net : node=host A" />
<link id="urn:ogf: network: domai n=donai n. net: | i nk=host A _t o_domai n2" />

</ net wor k>

5.1.8.1 id Attribute

Each network has an id attribute that containsfthly-qualified identifier for this network. See Section 4
for information on constructing identifiers.

5.1.8.2 idRef Attribute

A network MAY contain theidRef attribute. If used, théd attributeMUST NOT be used. The purpose
of this construct is to definpartial information about a network. When present the network eteiY
be interpreted as being “non-authoritative” &ldOULD be viewed as offeringdditionalinformation not
defined in the original element. See Section 4 for informmatio constructing identifiers.

5.1.8.3 NodeldRef

TheNodeldRefelement is used to reference extematieelements.

5.1.8.4 PortldRef

ThePortldRef element is used to reference exterpait elements.

5.1.8.5 LinkldRef

TheLinkldRef element is used to reference exterimak elements.

5.1.8.6 Name

Network elementdMAY contain one or more name elements to describe the network.n@ime element
contains a string anMAY be any value that describes the network.
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5.1.8.6.1 Type

The name element contains an attribute type 8idOULD be used to specify the format of the name
element. If the type of the element is unspecified or unkndhayalueSHOULD be treated as ampaque
string.

5.1.8.7 Relation

One or more relation elements, see Section 5SMAY be defined inside the network.

5.1.8.8 Lifetime

Lifetimeis anOPTIONAL field that describes the time during which the network hadptioperties being
described. In the case of ephemeral networks this is defmée the time the network was in existence.
The lifetime elemenMUST include thestart element to describe the beginning of the time range. The star
element has one attributgjpe Type iISREQUIRED and describes the format of the time value. Possible
values could be “iso” for time formated in the 1SO standardsuaix” for time measured in seconds past
the epoch.

The lifetime elemenMAY also include either auration or end element. Duration contains a string
describing the amount of time that the entity persisted. @astribes the end point of the time range. Each
MAY also contain the aforementionéygpe attribute. If the lifetime element does not include an end or
duration element, the end ismspecifiecandSHOULD be assumed to be infinite.

5.1.8.9 Type

Thetype element, and relategpeattributes contained in other elements, is meant to desthnidg canonical
use of the element. In the case of the network elementM¥ define a particular use for this node (e.qg.
“ethernet” or “TCP”). The potential values of this element @urposely left undefined to allow for easy
generalization.

5.1.8.10 Description

Each networkMAY include adescription element. This elemerBHOULD include a human readable
description of the network.

5.1.8.11 Comments

Each networkMAY include one or moreomment®lements. These elemer81OULD be used to add
human-readable comments about a specific network. T&eKRULD NOT be used to store necessary
information about the network.

5.1.9 Path

A path defines a discrete path between two topological points. [path contains some number lobps
that are used to describe portions of the entire path. A siraphmple of a path element is pictured below:
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<pat h i d="urn: ogf: net wor k: domai n=donai n. net: pat h=Ci rcui t _123">
<hop id="0">
<l'i nkl dRef >ur n: nm : domai n. net: | i nk=segnent 1</ | i nkl dRef >
<next Hop>1</ next Hop>
</ hop>
<hop id="1">
<l'i nkl dRef >ur n: nm : domai n. net : | i nk=segnent 2</ | i nkl dRef >
<next Hop>2</ next Hop>
</ hop>
<hop id="2">
<l'i nkl dRef >ur n: nn : domai n. net : | i nk=segnent 3</ | i nkl dRef >
</ hop>
</ pat h>

5.1.9.1 id Attribute

Each path has an id attribute that contains filly-qualified identifier for this path. See Section 4 for
information on constructing identifiers.

5.1.9.2 Relation

One or more relation elements, see Section SMIAY be defined inside the path.

5.1.9.3 Lifetime

Lifetimeis an OPTIONAL field that describes the time during which the path had th@gt@s being
described. In the case of ephemeral paths this is defined tbebtme the path was in existence. The
lifetime elementMUST include thestart element to describe the beginning of the time range. The star
element has one attributgipe Type iSREQUIRED and describes the format of the time value. Possible
values could be “iso” for time formated in the ISO standardsumix” for time measured in seconds past
the epoch.

The lifetime elemenMAY also include either duration or end element. Duration contains a string
describing the amount of time that the entity persisted. d@wtribes the end point of the time range. Each
MAY also contain the aforementionéygpe attribute. If the lifetime element does not include an end or
duration element, the end ismspecifiecandSHOULD be assumed to be infinite.

5.1.9.4 Comments

Each patiMAY include one or moreommentglements. These elemei@8lOULD be used to add human-
readable comments about a specific path. TIg&4©ULD NOT be used to store necessary information
about the path.

5.1.9.5 Hop

A hopis a decomposed section of a path. A MRAY contain element references that are meant to describe
involved entities.

5.1.9.5.1 DomainldRef

TheDomainldRef element is used to reference exterdamainelements.

5.1.9.5.2 NodeldRef

TheNodeldRefelement is used to reference extematieelements.
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5.1.9.5.3 PortldRef

ThePortldRef element is used to reference exterpait elements.

5.1.9.5.4 LinkldRef

TheLinkldRef element is used to reference exteringk elements.

5.1.9.5.5 PathldRef

The PathldRef element is used to reference exterpathelements.

5.1.9.5.6 NetworkldRef

TheNetworkldRef element is used to reference extemetworkelements.

5.1.10 Endpoint Pairs

The endPointPair element is a construct that simulates an end-to-end cdonectormally at the higher
layers of communication (e.g. “TCP”). The notion of thisrekntMAY be created using primitives we have
discussed: tw@ort elements and Bnk element. As this is a common occurrence, this element peevéd
shorthand notation. An example of this element is shownvizelo

<endPoi nt Pai r >
<src type="ipv4" value="10.0.0.1" />
<dst type="ipv4" value="10.0.0.2" />
</ endPoi nt Pai r >

5.1.10.1 Name

Endpoint Pair elementglAY contain one or more name elements to describe the endpainiTpa name
element contains a string ahAY be any value that describes the endpoint pair. MWs' include the
endpoint pair'shostnamedefaultaddress or adescription of the endpoint pair.

5.1.10.1.1 Type

The name element contains an attribute type 8idOULD be used to specify the format of the name
element. If the type of the element is unspecified or unkndhayalueSHOULD be treated as ampaque
string.

5.1.10.2 Type

Thetype element, and relategpeattributes contained in other elements, is meant to destnid canonical
use of the element. In the case of the endpoint pair elememiA¥ define a particular use for this node
(e.g. “host” or “switch”). The potential values of this elent are purposely left undefined to allow for easy
generalization.

5.1.10.3 Description

Each endpoint paiMAY include adescription element. This elemei@HOULD include a human readable
description of the endpoint pair.
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5.1.10.4 Comments

Each nodéVAY include one or moreomment&lements. These eleme@IOULD be used to add human-
readable comments about a specific node. TIs#4$©ULD NOT be used to store necessary information
about the node.

5.1.10.5 Src

The sourcefor an endpoint pair is described usingra element. This element borrows the features of the
port (see Section 5.1.5). It is also possible to ugdaldRefelement to reference an already defiped.

5.1.10.6 Dst

Thedestinationfor an endpoint pair is described usinglst element. This element borrows the features of
the port (see Section 5.1.5). It is also possible to ugmeldRef element to reference an already defined
port.

5.2 Element Relationships

Relationships within the schemata are accomplished in teysw

e Explicit - Elements that share a relationship are often defined tegétty. anodecontainsports)

e Implicit - Relationships of certain types are created viardtation element usingdRefs instead of
being explicitly defined together. This allows relatioqhto be built over time.

The later approache to defining these interactions allowgyfeater flexibility in element use. It is
natural to describe certain relationships such as thosexist betweemodes ports, andlinks. An example
of the former approach of defining element relations a theed@me is pictured below:

<node i d="urn: ogf: net wor k: domai n=donai n. net : node=host A" >
<port id="urn:ogf:network: domai n=donai n. net: node=host A: port =et h0" />
<port id="urn:ogf:network:domai n=donai n. net : node=host A: port =et hl" />
</ node>

The same relationship is possible by defining the elementsffierent approaches (or environments)
and combining at a later time. Note that we are relaying theesaformation, just in a fragmented form:

<node i d="urn: ogf: net wor k: domai n=donai n. net : node=host A" >
<rel ation type="contains">
<port | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: port =et h0O</ port | dRef >
<port | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: port =et hi</ port | dRef >
</rel ation>
</ node>

<port id="urn:ogf: network: domai n=donai n. net : node=host A: por t =et h0" >
<rel ation type="contai ned-in">
<nodel dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A</ nodel dRef >
</relation>
</ port>

<port id="urn:ogf:network:domai n=domai n. net : node=host A: port=et h1">
<rel ation type="contai ned-in">
<nodel dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A</ nodel dRef >
</relation>
</ port>
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The “easy” interactions were built directly into the schesitece they represent common use cases. Non-
standard use cases, particularly those that interestfispsminmunities and implementations, are impossible
to predict and therefor®UST be built in an ad-hoc fashion using tielation element. The following
represent the “core” relationships in this schema:

contained-in/contains

incoming-link/outgoing-link

source/destination

e peer

As described in Section 5.1.4, thelation element can exist in any of the basic topology elements and
MAY be used more than once. Each element contains an extehgieléhat can be filled in with the
aforementioned relationships or re-defined to include ploegd options. Once gypeis selectedjdRef
elements make up the remaining portion of this definitionis limportant to note there are no limits on
the specifiddRef elements to be used (e.gode port) or the amount tha¥lAY be used. This malleability
allows for a general object capable of representing coaened abstract relationships with ease. The schema
authors realize that some cases are more common than @thdrijs possible that the existitigpesdo not
fully cover all possible relationships. The following Secis serve as a guide to working within the confines
of the defined types.

5.2.1 Node Relationships

Thenodeelement will commonly use theontained-in/containsandpeer relationship types. Some poten-
tial use cases:

e A nodeis contained-inadomain

A nodeis contained-in a network

A nodeis contained-in apath(e.g. via the “hop” element)

A nodecontainsports

e A nodecontainsservices

A nodeis a peer of othenodes

5.2.2 Port Relationships

The port element uses thancoming-link/outgoing-link, contained-in/containg and peer relationship
types. Some potential use cases:

e A port's incoming-link is alink
e A port's outgoing-link is alink

e A portis contained-inadomain
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e A portis contained-in anetwork

A portis contained-in apath (e.g. via the “hop” element)

A port is contained-in anode

A port containsotherports

A port is a peer of otheports

5.2.3 Link Relationships

Thelink element uses theource/destination contained-in/containg andpeer relationship types. Some
potential use cases:

e A link’s sourceis aport

A link’s destinationis aport
e A link is contained-inadomain

A link is contained-in a network

A link is contained-in apath (e.g. via the “hop” element)

A link is contained-in otherlinks

A link containsports

A link containspaths(of a “lower” layer).

A link containsotherlinks

A link is a peer of othelinks

5.2.4 Network Relationships

The network element will commonly use theontained-in/containsand peer relationship types. Some
potential use cases:

e A networkis contained-in adomain

A networkis contained-in othernetworks

A networkis contained-in apath(e.g. via the “hop” element)

A networkcontainsports

A networkcontainsnodes

A networkcontainsservices

A networkcontainslinks
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e A networkcontainspaths

e A networkcontainsotherpaths

e A networkis a peer of othenetworks

5.2.5 Path Relationships

Thepathelement will commonly use theontained-in/containsandpeerrelationship types. Some potential
use cases:

e A pathis contained-inadomain

A pathis contained-in a network

A pathcontainsports(e.g. via the “hop” element)

A pathcontainsnodes(e.g. via the “hop” element)

A pathcontainslinks (e.g. via the “hop” element)

A pathcontainsservicege.g. via the “hop” element)

A pathcontainsnetworks(e.g. via the “hop” element)

A pathis a peer of othepaths

5.2.6 Service Relationships

The serviceelement will commonly use theontained-in/contains and peer relationship types. Some
potential use cases:

e A serviceis contained-inadomain
e A serviceis contained-in a network
e A serviceis contained-in anode

A serviceis contained-in otherservices

A servicecontainsports

A servicecontainsotherservices

A serviceis a peer of otheservices
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5.3 Time dimension

Network topology may remain “static” for many use cases:kbaoe, regional, and campus networks will
maintain the same configuration for an indefinite amountrogti The alternate situation of a “dynamic”
network must also be planned for: networks that change amafigpn makeup as well ag/namic circuit
networkshould still be able to use the same topological descrigtidhe addition of “time aware” markup to
the existing topology elements allows for the definitionmiitees along dime dimensionThis indicates that
a given domain may feature elements with the saieatification but potentially differentctive periods.

As described in Section 5.1, most of the “core” elementsd€ port, link, network path andservicg
feature thdifetime specification.Lifetimeis anOPTIONAL field that describes the time during which the
element had the properties being described (or in the casph@meral elements this is defined to be the
time of existence). Consider the following examples:

<port id="urn:ogf:network: domai n=domai n. net : node=host A: por t =et h0" >
<rel ation type="outgoing-|ink">
<li nkl dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: port =et hO: | i nk=host A _t o_host B</| i nkl dRef >
</relation>
</ port>

<port id="urn:ogf:network: domai n=domai n. net : node=host B: por t =et h0" >
<rel ation type="inconing-|ink">
<l'i nkl dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: por t =et h0: | i nk=host A_t o_host B</ | i nkl dRef >
</rel ation>
</ port>

<link id="urn:ogf: network: domai n=donai n. net : node=host A: port =et h0: | i nk=host A_t o_hostB">
<capaci t y>1000000</ capaci t y>
<rel ation type="source">
<port | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: por t =et h0O</ port | dRef >
</relation>
<rel ation type="destination">
<por t | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host B: por t =et hO</ por t | dRef >
</relation>
<lifetime>
<start type="unix">1142841539</start>
<end type="uni x">1142845139</ end>
</lifetime>
</1ink>

<link id="urn:ogf: network: domai n=donai n. net : node=host A: port =et h0: | i nk=host A_t o_hostB">
<capaci t y>5000000</ capaci ty>
<rel ation type="source">
<port | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host A: por t =et hO</ port | dRef >
</rel ation>
<rel ation type="destination">
<port | dRef >ur n: ogf : net wor k: domai n=domai n. net : node=host B: por t =et h0O</ port | dRef >
</relation>
<lifetime>
<start type="unix">1142845139</start>
</lifetime>
</1ink>

This example features twgorts and alink that connects them. Note we have specifiedlitiletwice:
first with aone hourlifetime and then with anndefinitelifetime. This reason for this dual specification
is physical: thecapacity has changed. This concept may be replicated on other elgmauit is most
commonly seen withinks (e.g.VLAN creation) angorts(e.g.virtual interfacecreation).

5.4 Layer 2 Elements

Building on the generic layer established by the elemerttsdfibase” (see Section 5.1) it is possible to more
robustly define specific extensions for various layers aodnelogies. We present theyer 2extensions
here that describe topology on tBata Link Layer
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541 Type

There are no structural changes to this element from thee"b&¥hen used the typ8HOULD reflect the

types that are available in tHeata Link Layer(e.g. “ethernet”, “sonnet”).

5.4.2 Port

There are some minor additions to thert element that are discussed below.

5.4.2.1 Address

There are no structural changes to this element from thee"ba¥he addresselement inLayer 2 port
elementdMUST consist of thd_ayer 2address.

5.4.2.2 ifName

TheifName element is a new addition to thexyer 2namespace. This element can be used to specify the
SNMPname of the interface. The ifName element contains a stepgesentation of theorts ifName.

5.4.2.3 ifIndex

Theiflndex element is a new addition to theyer 2namespace. This element can be used to specify the
SNMPindex of the interface. The ifindex fielMIUST be filled in with the integelSNMPindex for the
interface.

5.4.2.4 Vlan Tag

Thevlan element is a new addition to tih@yer 2namespace. This element can be used to specify the VLAN
tag for the specifieghort. The VLAN elementMUST contain an integer corresponding to the VLAN tag
for thatport.

5.4.2.5 Vlan Range Availability

ThevlanRangeAvailability element is a new addition to theyer 2namespace. This element can be used
to specify which tags are still available for use to create M ANs on the specifiegort. The element
MUST contain a string containing a comma-separated list of VLAYl identifiers. Ranges of tags can be
specified by listing two VLAN tags separated by a “-".

5.4.3 Link

There are some minor additions to vk element that are discussed below.

5.4.3.1 Vlan Tag

Thevlan element is a new addition to tHeayer 2namespace. This element can be used to specify the
VLAN tag for the specifiedink. The VLAN elemenMUST contain an integer corresponding to the VLAN
tag for that link. If the VLAN tag is specified for the port asgted with this link, this valubUST be the
same as the one in the port.
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5.4.4 Network

There are some minor additions to thetworkelement that are discussed below.

5.4.4.1 Vlan Tag

Thevlan element is a new addition to theayer 2namespace. This can be used to specify the VLAN tag
for the specifiechetwork The VLAN elementMUST contain an integer corresponding to the VLAN tag
for that network. If the VLAN tag is specified, all the elem&néferenced by the network need to have the
same VLAN tag.

5.5 Layer 3 Elements

Building on the generic layer established by the elemerttsaribase” (see Section 5.1) it is possible to more
robustly define specific extensions for various layers aoldrielogies. We present theyer 3extensions
here that describe topology on tNetwork Layer

5.5.1 Type

There are no structural changes to this element from the"b&¥hen used the typ8HOULD reflect the
types that are available in theetwork Layer(e.g. “IPv4”, “IPv6”).

5.5.2 Port

There are some minor additions to thert element that are discussed below.

5.5.2.1 Name

There are no structural changes to this element from thee"ba3he name for the Layer 3 element
SHOULD be theLayer 3address for that element. The type attribddST be specified.

5.5.2.2 Address

There are no structural changes to this element from thee"baBhe addresselement inLayer 3 ports
MUST consist of thd_ayer 3address for the port.

5.5.2.3 Netmask

TheLayer 3port has arOPTIONAL netmask element. This element is a string that contains the netmask
for the specified address. If the address typHPisl, the contentdMUST consist of a netmask idotted
decimalform. If the address type I1®v6, the contentd1UST consist of an IPv6 netmask @olon separated
hexadecimaformat. If the address type is any other value, the contefritteemetmask are unspecified.

5.5.3 Link

There are some minor additions to vk element that are discussed below.
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5.5.3.1 Netmask

ThelLayer 3link has anOPTIONAL netmask element. This element is a string that contains the netmask
for the specified address. If the address typHigl, the contentdMUST consist of a netmask idotted
decimalform. If the address type I1®v6, the contentd1UST consist of an IPv6 netmask @olon separated
hexadecimaformat. If the address type is any other value, the contefrtteemetmask are unspecified.

5.5.4 Network

There are some minor additions to thetworkelement that are discussed below.

5.5.4.1 Subnet

The Layer 3network elemenSHOULD contain asubnetelement to describe the range of addresses con-
tained in the network. This elemeMUST contain aLayer 3 addressand netmaskelement. Thd.ayer

3 address elemeMlAY contain any address in the range contained in the networle cbhtents of the
netmask element depend on the type of the address. If thessdigipe is IPv4, the netmask elemtdST
contain a netmask idotted decimaform. If the address type is ipv6, the netmask elenMbiST contain

a number corresponding to the IPv6 netmask.

5.5.4.2 ASN
TheLayer 3network elemenSHOULD contain anASN element to specify whicautonomous systethe
network is describing. The elemedUST contain the autonomous system number as an integer.

5.6 Layer 4 Elements

Building on the generic layer established by the elemerttsaribase” (see Section 5.1) it is possible to more
robustly define specific extensions for various layers aoldrielogies. We present theyer 4extensions
here that describe topology on thiensport Layer

5.6.1 Type

There are no structural changes to this element from the"b&¥hen used the typ8HOULD reflect the
types that are available in theetwork Layere.g. “TCP”, “UDP”).

5.6.2 Port

There are some minor additions to thert element that are discussed below.

5.6.2.1 Name

There are no structural changes to this element from thee"ba¥he name element inLayer 4 ports
SHOULD use the type “port”. If so, the elemeMUST contain the number for that port. Iflzayer 4
element name has rgpe specified, the format of the elemeBHOULD be of the form “protocol:port”.
For example, a TCP service listening on port 80 would be desdras “tcp:80”.
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5.6.2.2 Address

There are no structural changes to this element from the"bdse format of theaddresselement differs
slightly for a Layer 4 port. If notypeis specified, the addreddUST be of the form “IP:port”. The IP
corresponds to the underlyingayer 4address. If the underlying address is an IPv6 address, tivestion
is “[IP]:port”. In this context, the IMUST be the same as the interface underlyingltbger 4port.

5.6.2.3 Port Number

The Layer 4port has &REQUIRED elementportNum. This element consists of an integer that contains
the port number that the protocol is listening on.

6 Topology Schema

The following sections show the formal schemata of Hd-WG using the elements described in Sec-
tion 5.1 and concepts presented in this document. Eachtiewimn the RELAX-NG[16] language. Through
the use of tools such as Trang[18] and MSV[9] it is possibleaiovert this to other widely accepted formats
such as XSD[19].

We are presenting three major components of the entire sthem

e Base- A representation of the elements in Section 5.1

e Layer 2 - An extesion to the “base” schema that describes the usepofdgy elements in “Layer 2”
of the OSI protocol model

e Layer 3 - An extesion to the “base” schema that describes the usgolagy elements in “Layer 3”
of the OSI protocol model

e Layer 4 - An extesion to the “base” schema that describes the usgolagy elements in “Layer 4”
of the OSI protocol model

7 Base Topology Schema

The “base” schema is so named because it contains the esstethents of this work. Subsequent exten-
sions and profiles will incorporate the items presentedviaelo

# Begin Schena

File: nnt opo_base.rnc - Schema to describe network el enents
Version: $ld: nntopo_base.rnc 347 2008-05-20 15:55:47Z aaron $

HH o H R R

#
# Nanespace definitions
#

defaul t namespace nntb =
"http://ogf.org/schema/ network/ t opol ogy/ base/ 20070707/ "

# External schema files
i ncl ude "nntypes.rnc"

# generic Topol ogy can be a root el ement
start | = Topol ogy
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Topol ogy = el enent topol ogy {

Domai n*

& BaseNodex

& BaseLi nkx

& BasePort

& BaseNet wor k*

& BasePat h*

}

Domai n = el enent domain {
I dentifier?
& | dRef erence?
& BaseNodex
& BaselLi nkx
& BaseNet wor k*
& BasePat h*

##
## generic node
##

BaseNode = el enent node { BaseNodeContent }

BaseNodeCont ent =
Identifier?
& | dRef erence?
Name*
Addr ess*
Rel ati on*
Lifetime?
element role { xsd:string }?
el enent type { xsd:string }?

el enent
el enent
el enent
el enent
BasePor t

20 R0 R0 R0 R0 R0 Ro 9 Ro R9 R0 RO

Cont act I nf or
attribute
& el ement
& el ement
& el ement
& el ement

description { xsd:string }?

location { LocationContent }?

contact { Contact!nformationContent }*
coments { xsd:string }=*

*

BaseServi cex

nmati onContent =

priority { xsd:integer }?
emai|l { xsd:string }?
phoneNunber { xsd:string }?
admini strator { xsd:string }?
institution { xsd:string }?

LocationContent =

el ement continent { xsd:string }?
el ement country { xsd:string }?
el ement zipcode { xsd:integer }?
el ement state { xsd:string }?

element city { xsd:string }?

el ement floor { xsd:string }?
el ement room{ xsd:string }?
el enent cage { xsd:string }?
el ement rack { xsd:string }?
el enent shelf { xsd:string }?
elenment latitude { xsd:float }?
el enment |ongitude { xsd:float }?

o R0 R0 R0 Ro 9 Ro R0 Ro R0 R0 Ro RO

##t
## generic port
##t

BasePort = el ement port { BasePortContent }

BasePort Content =
Identifier?
& | dRef erence?
Narmex*
Addr ess*
Rel ati on*
Lifetine?
el ement type { xsd:string }?

el enent capacity { xsd:string }?
element ntu { xsd:string }?

el ement comments { xsd:string }*
BaseLi nk*

20 R0 R0 R0 Ro R0 R0 R0 R0 RO

##t
## generic |ink
##t

BaseLi nk = el ement |ink { BaseLinkContent }

BaseLi nkContent =
Identifier?
& | dRef erence?
& Narmex*

is-wg@internet2.edu
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Rel ati on*
Lifetine?
el enent renotelinkld { xsd:string }
el enent type { xsd:string }?
el enent description { xsd:string }?
el enent gl obal Name {

attribute type { xsd:string }?

& xsd:string

?

& el ement comments { xsd:string }*

o R0 R0 R Ro RO

H#it

## generic network

H#Hit
BaseNetwork = el ement network { BaseNetworkContent }
BaseNet wor kCont ent =

Identifier?

| dRef er ence?

Nodel dRef *

Port | dRef *

Li nkl dRef *

Name*

Rel ati on*

Lifetine?

el enent type { xsd:string }?

el enent description { xsd:string }?

el enent comments { xsd:string }«

o R0 R0 R0 Ro 9 R0 R0 R0 RO

#it
## generic path
#it
BasePath =

el enent path { BasePathContent }

# a path consists of a |ist of hops
BasePat hContent =
Identifier
& Rel ationx
& Lifetine?
& el ement comments { xsd:string }*
& el ement hop { HopContent }*

HopContent =
Identifier,
(
Domai nl dRef
| Nodel dRef
| PortldRef
| Linkl dRef
| Pat hl dRef
| Networkl dRef

##
## generic endpoint pair
##

BaseEndPoi nt Pair =
el enent endPoi nt Pai r { BaseEndPoi nt Pai r Content }

# an endpoint pair consists of two endpoints in the form of
BaseEndPoi nt Pai r Cont ent =
Namex
& el ement type { xsd:string }?
& el ement description { xsd:string }?
& el ement comments { xsd:string }*
& el ement src { (BasePortContent | PortldRef) }
& el ement dst { (BasePortContent | PortldRef) }

#it
## generic service
#it

BaseService =
el enent service { BaseServiceContent }

BaseServi ceContent =
Identifier?
| dRef er ence?
Name*
el enent type { xsd:string }?
el ement description { xsd:string }?
el ement comments { xsd:string }=*
Rel ati onx
Lifetime?

R0 Ro R0 R0 o Ro RO

# End Schema
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7.1 Layer 2 Topology Schema

The “Layer 2" schema speficially models the “core” elemernisifthe point of view of alata link network.
The elements are the same as in Section 7, but are namespéazéeiel extension and contain additional
elements relevant to thiayer.

# Begin Schena

File: nntopo_|l 2.rnc - Schema to describe L2 network el enents
Version: $ld: nntopo_|2.rnc 347 2008-05-20 15:55:47Z aaron $

o H R H

Nanespace definitions

IR H

defaul t namespace nntl2 =
“http://ogf.org/schema/ net work/ t opol ogy/ | 2/ 20070707/ "

# External schema files
i ncl ude "nntypes.rnc"

#it
## | ayer 2 port
##
L2Port = el ement port { L2PortContent }
L2Port Content =

Identifier?
& | dRef erence?
& Namex
& Addr ess*
& Rel ati onx
& Lifetine?
& el ement type { xsd:string }?
& el ement description { xsd:string }?
& el ement capacity { xsd:string }?
& el ement nmtu { xsd:string }?
& el ement comments { xsd:string }*
& el ement ifName {xsd:string }?
& el ement iflndex {xsd:integer }?
& el ement vlan {xsd:integer }?
& el ement vl anRangeAvailability { xsd:string }
& L2Li nk*
##
## layer 2 link
##

L2Link = element link { L2LinkContent }
L2Li nkContent =
Identifier?
| dRef er ence?
Narmex*
Rel ati onx
Lifetime?
el ement renoteLinklid { xsd:string }
el enent type { xsd:string }?
el ement description { xsd:string }?
el enent gl obal Nane {
attribute type { xsd:string }?
& xsd:string
}?
& el ement comments { xsd:string }*
& el ement vlan {xsd:integer }?

R0 Ro R0 R0 R0 R0 Ro RO

##

## | ayer 2 network

##
L2Network = el enment network { L2NetworkContent }
L2Net wor kCont ent =

Identifier?

| dRef er ence?

Nodel dRef *

Port | dRef *

Li nkl dRef *

Narmex*

Rel ati on*

Lifetine?

el ement type { xsd:string }?

el enent description { xsd:string }?

el ement comments { xsd:string }*

el ement vlan {xsd:integer }?

o R0 R0 R0 R0 o Ro R9 R0 Ro RO
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##
## | ayer 2 endpoint pair
##

L2EndPoi nt Pai r =
el enent endPoi nt Pai r { L2EndPoi nt Pai r Cont ent }

# an endpoint pair consists of two endpoints in the formof ports
L2EndPoi nt Pai r Content =
Name*
& el ement type { xsd:string }?
& el ement description { xsd:string }?
& el ement comments { xsd:string }*
& el ement src { (L2PortContent | PortldRef | Address) }
& el ement dst { (L2PortContent | PortldRef | Address) }

# End Schema

7.2 Layer 3 Topology Schema

The “Layer 3” schema speficially models the “core” elementsnfthe point of view of thaetworklayer.
The elements are the same as in Section 7, but are namespézéidei extension and contain additional
elements relevant to thiayer.

# Begin Schena

File: nntopo_| 3.rnc - Schema to describe L3 network el ements
Version: $ld: nntopo_|3.rnc 347 2008-05-20 15:55:47Z aaron $

IR HH R

Nanespace definitions

H* R

default namespace nntl3 =
“http://ogf.org/ schema/ net wor k/ t opol ogy/ | 3/ 20070707/ "

# External schena files
include "nntypes.rnc"

H#it
## | ayer 3 port
H#i#t
L3Port = el ement port { L3PortContent }
L3Port Content =
Identifier?
| dRef er ence?
Narmrex*
Addr ess*
Rel ati on*
Lifetine?
el enment type { xsd:string }?
el enent description { xsd:string }?
el enent capacity { xsd:string }?
element ntu { xsd:string }?
el ement comments { xsd:string }*
el ement netnmask { xsd:string }?
L3Li nk*

R0 Ro R0 Ro 9 R0 R0 R0 Ro RO Ro RO

#i#
## layer 3 link
#i#
L3Link = elenent link { L3LinkContent }
L3Li nkContent =

Identifier?
& | dRef erence?
& Namex
& Rel ati onx
& Lifetine?
& el ement renotelinkld { xsd:string }
& el ement type { xsd:string }?
& el ement description { xsd:string }?
& el ement gl obal Nane {
attribute type { xsd:string }?
& xsd:string
12

& el ement comments { xsd:string }*
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& el ement netnmask { xsd:string }?

##
## | ayer 3 network
##
L3Network = el enent network { L3NetworkContent }
L3Net wor kCont ent =
Identifier?
| dRef er ence?
Nodel dRef *
Port | dRef *
Li nkl dRef *
Narmex*
Rel ati onx
Lifetime?
el enent type { xsd:string }?
el ement description { xsd:string }?
el ement comments { xsd:string }«
el enent subnet {
Addr ess
& el ement netnask { xsd:string }
?
& el ement asn { xsd:integer }

R0 Ro R0 R0 R0 R0 Ro 9 R0 R0 RO

##
## | ayer 3 endpoint pair
##

L3EndPoi nt Pair =
el ement endPoi nt Pair { L3EndPoi nt PairContent }

# an endpoint pair consists of two endpoints in the formof ports
L3EndPoi nt Pai r Content =

Nanex

& el ement type { xsd:string }?

& el ement description { xsd:string }?

& el ement comments { xsd:string }*

& el ement src { (L3PortContent | PortldRef | Address) }

& el ement dst { (L3PortContent | PortldRef | Address) }

# End Schema

7.3 Layer 4 Topology Schema

The “Layer 4" schema speficially models the “core” elementsnfthe point of view of theéransportlayer.
The elements are the same as in Section 7, but are namesp&zéidei extension and contain additional
elements relevant to thiayer.

# Begin Schena

File: nntopo_|l 4.rnc - Schema to describe L4 network el enents
Version: $ld: nntopo_| 4.rnc 347 2008-05-20 15:55:47Z aaron $

HH o H O R

Nanespace definitions

I+ R

default namespace nntl4 =
“http://ogf.org/schenma/ net wor k/ t opol ogy/ | 4/ 20070707/ "

# External schema files
i ncl ude "nntypes.rnc"

#it
## | ayer 4 port
##
L4Port = el ement port { L4PortContent }
L4Port Content =
Identifier?
| dRef er ence?
Name*
Addr ess*
Rel ati on*
Lifetine?
el enent type { xsd:string }?
el ement description { xsd:string }?
el enent capacity { xsd:string }?

R0 Ro R0 Ro 9 Ro RO RO
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& el ement nmtu { xsd:string }?
& el ement comments { xsd:string }*
& el ement portNum { xsd:integer }?

& LA4Li nk*
##
## layer 4 link
##

L4Link = el ement |ink { L4LinkContent }
LALi nkContent =
Identifier?
& | dRef erence?
& Narmex
& Rel ationx
& Lifetine?
& el ement renoteLinkld { xsd:string }
& el ement type { xsd:string }?
& el ement description { xsd:string }?
& el ement gl obal Name {
attribute type { xsd:string }?
& xsd:string
?

& el ement comments { xsd:string }*

##
## | ayer 4 network
##
L4Network = el ement network { L4NetworkContent }
L4Net wor kCont ent =
Identifier?
& | dRef erence?
& Nodel dRef *
& Port | dRef »
& Li nkl dRef *
& Namex
& Rel ationx
& Lifetine?
& el ement type { xsd:string }?
& el ement description { xsd:string }?
& el ement comments { xsd:string }*

##
## | ayer 4 endpoint pair
##

L4EndPoi nt Pair =
el ement endPoi nt Pair { L4EndPoi nt Pai r Content }

# an endpoint pair consists of two endpoints in the formof ports
L4EndPoi nt Pai r Content =
Nanex
& el ement type { xsd:string }?
& el ement description { xsd:string }?
& el ement comments { xsd:string }*
& el ement src { (L4PortContent | PortldRef | Address) }
& el ement dst { (L4PortContent | PortldRef | Address) }

# End Schema

8 Related Work

The network topology schemata has evolved from the workwdrségroups all striving for a common goal:
interchangeable and agnostic network element descrigtidhroughout the design and implementation of
the representation, several key design principals haveired despite the syntactic changes iy
occur in the draft versions of each schema:

e Description of all REQUIRED network elements
e Modular design that allows for easy reuse and extension
e Ability to relate elements to each other

e Ability to include element definitions within each other
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e Easyidentification of elements to be used fogferencesandinclusion

The design goals have carried the network topology reptaten from a simple schemata focused on
a subset of what is possible to describe in a network, to & felitured and extensible language that is
currently used by several diverse parties and implememisiti Every community that as adopted portions
of this work has respected the above design principals wetp use of different dialects and versions of
what is presented in this document. The following represeaomme of the projects that have contributed to
the development of the schemata over time.

e NM-WG
e perfSONAR
e Network Control Plane

The contributions of these communities and caveats reggrdie of the topology schema will be briefly
examined in the following sections. A history of each will &ecompanied by technical documentation of
the similarities and differences with respect to this doenom

8.1 NM-WG

TheNM-WG has patrticipated in several attempts to characterize metiwpology within the incarnations
of the measurement schemata. E&AM-WG efforts, as demonstrated in [6], defined a hierarchy of netwo
measurements and out of necessity started venturing iti@rietopology specification. Each attempt built
upon the successes and failures of the previous, but theegoo€ not having standard ways of describing
network topology at either the measurement or supportisteays layer provided a huge obstacle to adop-
tion, particular within groups that plan on re-using alegeand better defined topology definitions beyond
whatMAY be featured in network measurement data.

The “Version 2" schemata [17] is the latest standard of esitda network measurement encoding. A
notable absence in this work is the lack of well defined “sctijelements in this base schemata, there are
two reasons for this:

e Thebasedocument defines the elements thY be used, noOBHOULD be used. Profile documents
for specific measurement types are expected to recommeanifispapology elements.

e TheNM-WG decided some time ago to leave the definition of network efésngp to more capable
groups within theDGF.

All NM-WG derivative work includes either topology as defined by exkgroups (e.gDICE affil-
iations, orperfSONAR) or non-sanctioned topology that is a holdover from olderkwd/Nhile the latter
topology definitiondMAY be un-official, their design is similar to current offerinigsfeatures but not in
scaling and extensibility.

8.1.1 Schema Differences

TheNM-WG originally offered two major topology elements for use inaserements:
e Interface
e Endpoint Pair

We will briefly explain each and offer some context regardisg.
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8.1.1.1 Interface

The interface element models a traditional communicatiterface connected to a network capable system.
This model can be viewed as being a “Layer 3" interface (ehg. “Network Layer” of communication),
and would be traditional used on devices such as routerg;reygi, and end hosts. A simple example of an
interface is shown below:

<interface>
<i pAddress type="v4">192.168. 0. 1</ i pAddress>
<host Nane>r out er A. donai n. net </ host Nane>
<i f Name>gel/ 1/ 1</ i f Name>
<i fDescription>gigE 1/1/1</i f Descri pti on>
<i f Address type="i pv4">10.10. 10. 1</ i f Address>
<i f I ndex>0</i f | ndex>
<interface>
The purpose of this element was to capture some identifyif@ration (e.g. “metadata”) about the
interface that is useful in the context of a measurementsable to uniquely identify the entity. There are

several possible elements that store the necessary informa

8.1.1.1.1 ipAddress

The ipAddress element describes an address thY be used to contact théevicethat contains this
interface. This can be viewed as thrnagemenaddress instead of the specific address for the interface
(see also Section 8.1.1.1.5). This elenmditY contain aypeattribute that is used to describe the particular
type of address (e.gpv4, ipv6).

8.1.1.1.2 hostName

The hostNameelement describes a hostname tN&Y be used to contact th@evicethat contains this
interface. This can be viewed as timanagementostname instead of specific information for the interface.
8.1.1.1.3 ifName

TheifName element describes the specific name of the interface asteeploy system software or moni-
toring tools (e.gSNMB. There are no requirements on the value of this element.

8.1.1.1.4 ifDescription

The ifDescription element is a human readable description of the element. NIA¥ be reported by
the system software or monitoring tools, but is commonlypéeimented with external information when
applicable (e.g. describing point to point connectionyéilable, etc.).

8.1.1.1.5 ifAddress

The ifAddress element describes the address of a specific interface. SeeSelction 8.1.1.1.1 for the
element that describes a management address.

8.1.1.1.6 iflIndex

TheiflIndex element describes the “index” or ordered position in thiedfanterfaces as described by the
system software or monitoring tools. This element is nolynaeéwed in conjunction with thé&fName(see
also Section 8.1.1.1.3).
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8.1.1.2 Endpoint Pair

The Endpoint Pair is a construct that is used to describe a measurement ingotwio parties, normally
viewed as asourceand adestination This is a common element to use when describing measursment
observed at “Layer 4" (e.g. the “Transport Layer” of comnuation) including bandwidth and latency
observations between hosts. A simple example of the catstrghown below:

<endPoi nt Pai r >
<src type="hostnane" val ue="host A donai n. net" />
<dst type="hostnane" val ue="hostB. donai n. net" />
</ endPoi nt Pai r >

The purpose of this element was to capture some identifyif@ration (e.g. “metadata”) about the
two hosts that is useful in the context of a measurement aablésto uniquely identify the parties. There
are several possible elements that store the necessamnatfon.
8.1.1.2.1 src

The src element describes theourceof the measurement. This element has several potentialeatsm
including value and type which describe contact information and the specific data tyjs information
MAY be (e.g.ipv4 or hostnameare examples).

8.1.1.2.2 dst

Thedst element describes ttdestinationof the measurement. This element has several potentiakatsm
including value and type which describe contact information and the specific dat& tyyis information
MAY be (e.g.ipv4 or hostnamere examples).

8.1.2 Schema

TheNM-WG schema is presented below. Note that portions gprESONAR archtecture, see Section 8.2,
also use this description.

# Begin Schema

#

#

# File: nntopo.rnc - Schema to describe topol ogical

# el enents.

# Version: $ld: nntopo.rnc 341 2008-04-24 21:52:11Z boote $
#

#

# Namespace definitions
#
nanespace nmagtopo = "http://ggf.org/ns/ nmng/t opol ogy/2.0/"

Covers the basic point to point nmeasurenent situation. The two
points are a source and destination; nmay contain information
such as hostnanme or ip address, and port nunber when applicable.

Exanpl e:

<nmagt opo: endPoi nt Pai r
xm ns: nmwgt opo="htt p://ggf. org/ ns/ nnng/ t opol ogy/ 2. 0/ ">

<nmngt opo: src type="REQUI RED_TYPE" val ue="REQUI RED_VALUE"
port =" OPTI ONAL_PORT"/ >

HEHRFEHEEHREHEEH R

<nmgt opo: dst type="REQUI RED_TYPE" val ue="REQUI RED_VALUE"
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port =" OPTI ONAL_PORT"/ >

</ nmngt opo: endPoi nt Pai r >

HH R H R

Endpoi ntPair =
el ement nmagt opo: endPoi nt Pai r {
Endpoi nt Pai r Cont ent
}

Endpoi nt Pai r Content =
el enent nmngt opo: src {
Endpoi nt Cont ent
&
el enent nmngt opo: dst {
Endpoi nt Cont ent

}
#
# Simlar to above, fromone point only.
#
# Exanpl e:
#
# <nmagt opo: endPoi nt type="REQUI RED_TYPE" val ue="REQUI RED_VALUE"
# port =" OPTI ONAL_PORT" / >
#
#
Endpoi nt =

el ement nnmwgt opo: endPoi nt {
Endpoi nt Cont ent
}

Endpoi nt Content =

attribute value { xsd:string } |
text
) &
attribute type { xsd:string } &
attribute port { xsd:string }?

When | ooking at network utilization nunbers (froma router or
related software) there is a different set of applicable
i nfornation
Exanpl e:
<nmngt opo: i nterface xni ns: nmagt opo="http://ggf. org/ ns/ nnwg/ t opol ogy/ 2. 0/ ">
<nmagt opo: i pAddr ess type=" REQUI RED_TYPE > TEXT </ nmwgt opo: i pAddr ess>
<nmngt opo: host Name> TEXT </ nmwgt opo: host Nane>
<nmagt opo: i f Nanme> TEXT </ nmwgt opo: i f Name>
<nmagt opo: i f Descri ption> TEXT </ nmngt opo: i f Descri ption>
<nmagt opo: i f Address type=" REQUI RED_TYPE > TEXT </ nmwgt opo: i f Address>
<nmgt opo: i f Host Name> TEXT </ nmwgt opo: i f Host Name>
<nmgt opo: i f I ndex> TEXT </ nmwgt opo: i f | ndex>
<nmngt opo: t ype> TEXT </ nmngt opo: t ype>
<nmagt opo: di recti on> TEXT </ nmagt opo: di recti on>
<nmagt opo: aut hReal n» TEXT </ nmwgt opo: aut hReal n»
<nmagt opo: cl assOf Servi ce> TEXT </ nmwgt opo: cl assOf Ser vi ce>
<nmagt opo: capaci ty> TEXT </ nmwgt opo: capaci ty>

</ nmngt opo: i nterface>

HHEHHHFHBFRBEHRBERFRRFRFRFEHRBF RS EHEF R REERRS

Interface =
el enent nmngt opo:interface {
I nterfaceContent
}

InterfaceContent =
el enent nmngt opo: i pAddress {
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Addr ess
1?7 &
el ement nmagt opo: host Nane { xsd:string }? &
el ement nmagt opo:ifNane { xsd:string }? &
el ement nmngt opo:ifDescription { xsd:string }? &
el ement nmagt opo: i f Address {
Addr ess

1? &
el ement nmngt opo: i f Host Name { xsd:string }? &
el ement nmngt opo:iflndex { xsd:string }? &

el enent nmngt opo: type { xsd:string }? &
el ement nmwgt opo: direction { xsd:string }? &
el ement nmngt opo: aut hReal m{ xsd:string }? &
el ement nmwgt opo: cl assOf Service { xsd:string }? &
el ement nmwgt opo: capacity { xsd:string }?
Address =

(

attribute value { xsd:string } |

text
) &
attribute type { xsd:string }

# End Schema

8.1.3 Future Plans

TheNM-WG will continue to work with external groups to produce measuent structures that use topol-
ogy created and consumed by these groups respectively. NWh&VG will also work to deprecate the

“legacy” topology definitions in favor of new topology worlfered in part from descriptions in this docu-
ment and that of other closely aligned working groups.

8.2 perfSONAR

The perfSONAR project [15] is engaged in the design of software and prdsotmaid in the collection,
storage, and exchange of network measurements. Beyondéhef the work done within thBIM-WG ,
perfSONAR services are also interested in the construetiwhstatus of the underlying network thaaY
be unavailable through simple network measurements. &=rguch as thEopology Servicare specifically
designed to collect and report the status of network topolo§s such members gherfSONAR have
provided feedback and expertise sev€¥&@F working groups to aide in the construction of portable nekvo
topology representations.

Since inception, theperfSONARproject has used schemata for measurements created BWHAG .
Early work in perfSONARwas instrumental in driving th&lM-WG to define some of the rudimentary
topology elements discussed in Section 8.1. These eleraedtseveral others were necessary to begin
classifyingperfSONARdata and services. We will now present the topology elemeses, and in some
cases still in use, bgerfSONARservices.

8.2.1 Schema Differences

In addition to the elements described in Section 8.1.1¢thee other notable additions to therfSONAR
topology:

e Endpoint
e Node

e Router
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e Link

o Network

e Path

8.2.1.1 Endpoint

Similar in nature to the Endpoint Pair (see Section 8.1, 1h# construct is used to describe a single “Layer
4” (e.g. the “Transport Layer” of communication) host. Iragtice this element was not used often, and
was normally seen as an interchangeable element Maithe (see Section 8.2.1.2) arRlouter (see Sec-
tion 8.2.1.3). Common use case would be to servicesREQUIRED asubscriptionsuch as a service that
featured a “push” model of data deliver instead of a “pull'h &xample of this element is seen below:

<endPoi nt >
<address />
</ endPoi nt >

8.2.1.1.1 address

The addresselement describes the address of émelPoint Certain implementationMAY  substitute a
hostNameslement here as well (see Section 8.1.1.1.2).

8.2.1.2 Node

Thenodewas a concept developed to describe a generic end systenelérhent itself featured many sub-
elements that contained diverse information about theyeintiquestion. This element was used primarily
with thelink construction (see Section 8.2.1.4). An example of the ati¢ifiodows:

<node>
<role />
<nane />
<type />
<host Name />
<description />
<cpu />
<oper Sys />
<institution />
<country />
<city />
<latitude />
<l ongi tude />
</ node>

Many of these elements were seen as duplications of a gétaration” concept that could be gener-
alized and included in other topology elements. The follmuilescriptions serve to motivate the old work
only.
8.2.1.2.1 role
Therole element describes the job or assigmeleé the nodeMAY take on. The possible values for this are
not defined at the schema level and instead specified by ingpltions using this construct.
8.2.1.2.2 name
The name element describes the name, potentially global in scoptheohode. This element is normally

used in conjunction with think element to give context to point to point connections.
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8.2.1.2.3 type

The type element describes the kind of node in use. Examples incldéenarcation point” or similar
networking concepts. The possible values for this are nimel at the schema level and instead specified
by implementations using this construct.

8.2.1.2.4 hostName

ThehostNameelement describes tHeNSname of the node. See also Section 8.1.1.1.2.

8.2.1.2.5 description

Thedescription element is a human readable description of the node. SJHEBULD be used to supplement
the information provided by other elements that descrilveecd of this entity.

8.2.1.2.6 cpu

Thecpu element describes information regarding the processimgepof this node.

8.2.1.2.7 operSys

TheoperSyselement describes the installed system software of this.nod

8.2.1.2.8 institution

Theinstitution element is used to describe the management of the node.

8.2.1.2.9 country

Thecountry element describes the physical location of the node.

8.2.1.2.10 city

Thecity element describes the physical location of the node.

8.2.1.2.11 latitude

Thelatitude element describes the physical location of the node taken P Sinformation.

8.2.1.2.12 longitude

Thelongitude element describes the physical location of the node taken &P Sinformation.
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8.2.1.3 Router

The concept of aouter was developed specifically to describe services that affastflowinformation.
This node predates thede(see Section 8.2.1.2) concept but is used to describe aasihiilof informa-
tion: specifics about a networked router or switch. This eleirhas been marked for depreciation in the
perfSONARramework although several legacy services will contiruede and support the construct. An
example of a router appears below:

<router>
<name>r out er A. domai n. net </ nane>
<descri ption>Donai n border router</description>
<interface interfaceldRef="if1" />
<interface interfaceldRef="if2" />
</router>

8.2.1.3.1 name

The name element describes theamefor the router or switch. It is unspecified in the schema i thi
SHOULD be aDNSstyle name or perhaps something less formal.

8.2.1.3.2 description

Thedescription element describes the human readable element that can dboéouseter location or other
descriptive information for the router.

8.2.1.3.3 interface

Theinterface element describes interfaces of a particular router orcbwiThereMAY be any number if
interfaces included in this element. See Section 8.1.1.4 tefinition.

8.2.1.4 Link

Thelink construct was specifically designed to model the behavier mdint to point network connection
between other entities such imerfacesor nodes This entity was designed to be general and allows the
included sub-elements to be included directly inside. Asneple link is pictured below:
<li nk>

<i ndex />

<type />

<gl obal Nane />

<interface />

<link />

<node />
</link>

8.2.1.4.1 index

Theindex element describes an arbitrandexthat can be used to describe the “order” that a kY be
in a larger list of links.

8.2.1.4.2 type

Thetype element describes thiygpeof link, possible values includeni-directional or perhapsnter-domain
Exact values are not mandated by the schema.
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8.2.1.4.3 globalName

TheglobalNameelement describes a recognizgidbal identification for the link.

8.2.1.4.4 interface

Theinterface element describes interfaces that are attached to thedorkn@lly 2). See Section 8.1.1.1 for
a definition.

8.2.1.4.5 link

Thelink element recursively defines links within a link.

8.2.1.4.6 node

Thenodeelement describes nodes that are attached to the link. $8ers8.2.1.2 for a definition.

8.2.1.5 Network

The networkelement includes the same items abnl (see Section 8.2.1.4 for a definition) but tries to
describe the concept of an entire network instead of a stmieection. This construct is normally used to
describe an entire domain’s topology in one attempt.

<net wor k>
<name />
<type />
<interface />
<link />
<node />

</ net wor k>

8.2.1.5.1 name

Thenameelement describes thmmefor the network. It is unspecified in the schema BLAY be aDNS
style name or perhaps something less formal.

8.2.1.5.2 type

Thetype element describes thgpeof network, possible values incluégghernet or perhapsonnet Exact
values are not mandated by the schema.

8.2.1.5.3 interface

Theinterface element describes interfaces that are included in a netv@ek Section 8.1.1.1 for a defini-
tion.

8.2.1.5.4 link

Thelink element describes links that are included in a network. ®egd 8.2.1.4 for a definition.
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8.2.1.5.5 node

Thenodeelement describes nodes that are included in a network. 8g#m$8.2.1.2 for a definition.

8.2.1.6 Path

Thepath element is a series tihks that describes a complete communication path. gdtatakes advan-
tage of thandexattribute in each link to order links when applicable.

<pat h>
<link />
<link />
</ pat h>

8.2.1.6.1 link

Thelink element describes links that are included in a path. Seé8e:P.1.4 for a definition.

8.2.2 Schema

The following schema was developed jointly between membieitse Control Plane community, theNM-
WG, andperfSONAR and features many of precursor ideas that are featuredsrdduument. We first
present the “base” schema, of which layers were construotdther specify complex concepts.

# Begin Schena

#

#

# File: nntopo_ver3.rnc - Schema to describe network el ements
# Version: $ld: nntopo_ver3.rnc 189 2007-01-31 20: 46: 21Z boote $
# Purpose: This file lays out sone nejor network topol ogies

# used in neasurenent.

# Reference: http://books. xm schemat a. or g/ r el axng/ page2. ht m

#

#

#

# Nanespace definitions

#

nanespace nmagt opo3 = "http://ggf.org/ ns/ nmng/ t opol ogy/ base/ 3.0/ "
nanespace nntl4 = "http://ggf.org/ns/ nnwg/t opol ogy/|4/3.0/"
nanespace nntl3 = "http://ggf.org/ns/ nmwg/t opol ogy/|3/3.0/"
nanespace nntl2 = "http://ggf.org/ns/ nmwg/t opol ogy/|2/3.0/"

#
# Include additional functionality fromother files
#
include "nntopo-I4.rnc"
i ncl ude "nntopo-I3.rnc"
include "nntopo-I2.rnc"

##
## generic interface
##

Basel nterface =
el enent nmngt opo3:interface {
Basel nt er f aceCont ent
}

Basel nterfaceContent =
Identifier? &
Basel nterfacel dRef? &
BaseNodel dRef ? &
BaseNane? &
el ement nmngt opo3:type { xsd:string }? &
el ement nmagt opo3: host Name { xsd:string }? &
el ement nmngt opo3:ifNane { xsd:string }? &
el ement nmngt opo3:ifDescription { xsd:string }? &
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el ement nmwgt opo3:iflndex { xsd:string }? &
el ement nmagt opo3: capacity { xsd:string }?

##
## generic |ink
##

BaseLink =
el ement nmagt opo3: link {
BaseLi nkCont ent
}

BaseLi nkContent =
Identifier? &
BaselLi nkl dRef ? &
BaseNane? &
el ement nmngt opo3:index { xsd:string }? &
el enent nmngt opo3:type { xsd:string }? &
el ement nmagt opo3: gl obal Nane {
attribute type { xsd:string }? &

xsd: string
1? &
(
Basel nterface |
L2l nterface |
L3I nterface
) &
(
Baselink |
L2Li nk |
L3Li nk
) &
Nodex
##
## generic network
##

BaseNet work =
el ement nmagt opo3: net wor k{
BaseNet wor kCont ent
}

BaseNet wor kCont ent =
Identifier? &
BaseNet wor k| dRef ? &
BaseNane? &
el enent nmngt opo3:type { xsd:string }? &
(
Basel nterface |
L2Interface |
L3I nterface

) &
(
BaseLi nk |
L2Li nk |
L3Li nk
) &
Nodex
H#it
## generic node
H#it
Node =
el enent nmngt opo3: node {
NodeCont ent
}
NodeContent =

ldentifier? &
BaseNodel dRef ? &
BaseRol e? &
BaseNane? &
el ement nmngt opo3:type { xsd:string }? &
el ement nmagt opo3: host Name { xsd:string }? &
el ement nmwgt opo3: description { xsd:string }? &
el enent nmngt opo3: cpu { xsd:string }? &
el enent nmngt opo3: oper Sys { xsd:string }? &
el enent nmagt opo3: | ocation {
Locat i onCont ent
1? &
el ement nmwgt opo3:institution { xsd:string }? &
el enent nmwgt opo3: country { xsd:string }? &
el enent nmngt opo3:city { xsd:string }? &
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el ement nmwgt opo3:latitude { xsd:float }? &
el ement nmagt opo3: | ongitude { xsd:float }? &

(
Basel nterface |
L2l nterface |
L3I nterface

)*

LocationContent =
el ement nmagtopo3:institution { xsd:string }? &
el enent nmngt opo3: country { xsd:string }? &
el ement nmwgt opo3: zi pcode { xsd:integer }? &
el enent nmngt opo3:state { xsd:string }? &
el enent nmngt opo3:city { xsd:string }? &
el enent nmngt opo3: street Address { xsd:string }? &
el ement nmwgt opo3: floor { xsd:string }? &
el ement nmwgt opo3: room { xsd:string }? &
el enent nmngt opo3: cage { xsd:string }? &
el ement nmwgt opo3:rack { xsd:string }? &
el ement nmagt opo3:shel f { xsd:string }? &
el ement nmngtopo3:latitude { xsd:float }? &
el ement nmngt opo3: | ongi tude { xsd:float }?

##
## generic path
##

BasePath =
el ement nmwgt opo3: path {
BasePat hCont ent
}

BasePat hContent =
Identifier &
BasePat hl dRef ? &
(
BaseLi nk |
L2Link |
L3Li nk

##
## msc
H#it

BaseAddress =

attribute value { xsd:string } |

text
) &
attribute type { xsd:string }
BaseRol e =
attribute role { xsd:string } |
el enent nmagt opo3:role { xsd:string }
)
BaseNanme =

el ement nmagt opo3: nane {
attribute type { xsd:string }? &
xsd: string

}

BaseNodel dRef =
attribute nodel dRef { xsd:string }

Basel nterfacel dRef =
attribute interfacel dRef { xsd:string }

BaseLi nkl dRef =
attribute |inkldRef { xsd:string }

BasePat hl dRef =
attribute pathldRef { xsd:string }

BaseNet wor kl dRef =
attribute networkldRef { xsd:string }

# End Schema

The second schema is specific to “Layer 4” connections:
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# Begin Schema

#

#

# File: nntopo_l 4.rnc - Layer 4 Network entities

#

# \ersion: $Id: nntopo-l4.rnc 209 2007-02-15 17:20: 25Z zur awski $
# Purpose: The schema represents entities at the Layer 4 or
# Transport |ayer

#

# Reference: http://books. xnl schemat a. or g/ r el axng/ page2. ht m
#

#

#

# Namespace definitions

#

nanespace nntl4 = "http://ggf.org/ ns/ nnwg/ t opol ogy/|4/3.0/"
nanmespace nntl3 = "http://ggf.org/ ns/ nnwg/ t opol ogy/13/3.0/"
nanmespace nmagt opo3 = "http://ggf.org/ ns/ nnng/t opol ogy/ base/ 3.0/ "

##
## endPoint pair stuff
##

L4Endpoi nt Pair =
el ement nntl4:endPointPair {
L4Endpoi nt Pai r Cont ent

}
L4Endpoi nt Pai r Content =
(
el enent nntl 4: endPoi nt {
attribute port { xsd:string }? &
attribute protocol { xsd:string }? &
(
attribute role { "src" } |
el enent nmwgtopo3:role { "src" }
)? &
(
el enent nntl 4: address { L4Address } |
elenent nntl3:interface { anyThing }
)?
I
el enent nntl 4: endPoi nt {
attribute port { xsd:string }? &
attribute protocol { xsd:string }? &
(
attribute role { "dst" } |
el ement nmwgtopo3:role { "dst" }
)? &
(
el enent nntl4: address { L4Address } |
elenent nntl3:interface { anyThing }
)
}
)
H#it
## endPoi nt stuff
H#it
L4Endpoi nt =

el ement nntl 4: endPoi nt {
L4Endpoi nt Cont ent
}

L4Endpoi nt Content =
attribute port { xsd:string }? &
attribute protocol { xsd:string }? &
attribute index { xsd:string }? &

L4Rol e? &
(
el enent nntl 4:address {
L4Addr ess
}
element nntl3:interface {
anyThi ng
}

#i#
## generic path
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H#it
Path =
element nntl4:path {
Pat hCont ent
}
Pat hContent =
Identifier &
Pat hl dRef ? &
L4Endpoi nt *
H#it
## msc stuff
H#it
L4Address =
(
attribute value { xsd:string } |
text
&
attribute type { xsd:string }
L4Rol e =
(
attribute role { xsd:string } |
el ement nmwgt opo3:role { xsd:string }
)
Pat hl dRef =

attribute pathldRef { xsd:string }

# End Schema

The second schema is specific to “Layer 3" connections:

# Begin Schema

#

#

# File: nntopo_| 3.rnc - Schena for Layer 3 entities

# Version: $Id: nntopo-13.rnc 189 2007-01-31 20: 46: 21Z boote $
# Purpose: This schema represents entities at Layer 3, or the
# Net wor k Layer.

# Reference: htt p://books. xnl schemat a. or g/ r el axng/ page2. ht m

#

#

#

# Nanespace definitions

#

nanmespace nntl3 = "http://ggf.org/ ns/ nmwg/ t opol ogy/13/3.0/"
nanespace nntl2 = "http://ggf.org/ ns/ nnwg/ t opol ogy/12/3.0/"
nanmespace nmagt opo3 = "http://ggf.org/ ns/ nnng/t opol ogy/ base/ 3.0/ "

##
## 13 interface
H#it

L3Interface =
elenent nntl3:interface {
L3I nt er f aceCont ent
}

L3I nterfaceContent =

Identifier? &
L3I nterfacel dRef? &
el ement nntl 3:ipAddress {

L3Addr ess
1?7 &
el ement nntl3:netmask { xsd:string }? &
element nntl3:ifName { xsd:string }? &
element nntl3:ifDescription { xsd:string }? &
element nntl3:ifAddress {

L3Addr ess
1?7 &
el ement nntl3:ifHostNane { xsd:string }? &
el ement nntl3:iflndex { xsd:string }?
elenent nntl3:type { xsd:string }? &
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el ement nntl3:capacity { xsd:string }?

L3Address =
(
attribute value { xsd:string } |
text
) &

attribute type { xsd:string }

#i#
## 13 link
#i#

L3Li nk =
el ement nntl3:1ink {
L3Li nkCont ent

}

L3Li nkContent =

Identifier? &

L3Li nkl dRef ? &

element nntl3:index { xsd:string }? &

element nntl3:type { xsd:string }? &

el enent nntl 3: nane {
attribute type { xsd:string }? &
xsd:string

1?7 &

el enent nntl 3: gl obal Nane {
attribute type { xsd:string }? &

xsd: string
1?7 &
(
L3Interface |
L2Interface
) &
(
L3Link |
L2Li nk
) &
Nodex
##
## |3 network
#it
L3Network =

el ement nntl 3: net wor k{
L3Net wor kCont ent
}

L3Net wor kCont ent =

Identifier? &

L3Net wor kIl dRef ? &

el enent nntl 3: nane {
attribute type { xsd:string }? &
xsd:string

1? &

element nntl3:type { xsd:string }? &

el ement nntl 3:subnet { xsd:string }? &

el ement nntl3:netmask { xsd:string }? &

el ement nntl3:asn { xsd:string }? &

(
L3Interface |
L2Interface
) &
(
L3Li nk |
L2Li nk
) &
Nodex
##
## 13 path
##
L3Path =
el ement nntl3:path {
L3Pat hCont ent
}
L3Pat hContent =
Identifier &
L3Pat hl dRef ? &
(

L2Link |
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L3Li nk
) *
##
## 13 misc
##
L3Rol e =
(
attribute role { xsd:string } |
el ement nntl3:role { xsd:string }
)

L3I nterfacel dRef =
attribute interfaceldRef { xsd:string }

L3Li nkl dRef =
attribute |inkldRef { xsd:string }

L3Net wor kI dRef =
attribute networkldRef { xsd:string }

L3Pat hl dRef =
attribute pathldRef { xsd:string }

# End Schema

The second schema is specific to “Layer 2” connections:

# Begin Schena

#

#

# File: nntopo_|l 2.rnc - Schena to describe topol ogical

# features to be used in subject

# el ements.

# Version: $Id: nntopo-12.rnc 189 2007-01-31 20: 46: 21Z boote $
# Purpose: This file lays out some nmjor network topol ogi es
# used in neasurenent.

# Reference: http://books. xm schemat a. or g/ r el axng/ page2. ht m
#

#

#

# Namespace definitions

#

nanespace nntl2 = "http://ggf.org/ns/ nmwg/t opol ogy/|2/3.0/"
nanespace nmagt opo3 = "http://ggf.org/ns/ nmng/t opol ogy/ base/ 3.0/ "

##
## 12 interface
##

L2Interface =
element nntl2:interface {
L2l nt er f aceCont ent
}

L2I nterfaceContent =
Identifier? &
L2Interfacel dRef? &
L2Rol e? &
el enent nntl2:type { xsd:string }? &
el enent nntl 2: address {
L2Addr ess
1?7 &
el enment nntl 2: nane {
attribute type { xsd:string }? &
xsd:string
1?7 &
el ement nntl2:description { xsd:string }? &
element nntl2:ifHostNane { xsd:string }? &
element nntl2:iflndex { xsd:string }? &
el ement nntl2:capacity { xsd:string }?

L2Address =
(

attribute value { xsd:string } |
text
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) &
attribute type { xsd:string }

##
## 12 1ink
##

L2Link =
element nntl2:1ink {
L2Li nkCont ent

}

L2Li nkContent =

Identifier? &

L2Li nkl dRef ? &

el ement nntl2:index { xsd:string }? &

elenent nntl2:type { xsd:string }? &

el enent nntl 2: nane {
attribute type { xsd:string }? &
xsd:string

1?7 &

el ement nntl 2: gl obal Nane {
attribute type { xsd:string }? &

xsd:string
1?7 &
L2Interfacex &
L2Li nk* &
Nodex
H#it
## 12 network
H#it
L2Network =

el ement nntl2:network {
L2Net wor kCont ent
}

L2Net wor kCont ent =

Identifier? &

L2Net wor kIl dRef ? &

el enent nntl 2: nane {
attribute type { xsd:string }? &
xsd: string

1? &

el enent nntl2:type { xsd:string }? &

el ement nntl2:vlan { xsd:string }? &

L2Interfacex &

L2Li nk* &
Nodex
##
## 12 path
##
L2Path =
element nntl2:path {
L2Pat hCont ent
}
L2Pat hContent =
Identifier &
L2Pat hl dRef ? &
L2Li nk*
#it
## 12 msc
##
L2Rol e =
attribute role { xsd:string } |
elenent nntl2:role { xsd:string }
)

L2l nterfacel dRef =
attribute interfacel dRef { xsd:string }

L2Li nkl dRef =
attribute |inkldRef { xsd:string }

L2Net wor kI dRef =
attribute networkldRef { xsd:string }
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L2Pat hl dRef =
attribute pathldRef { xsd:string }

# End Schema

8.2.3 Future Plans

Members of theperfSONAReffort are active in th&NM-WG , NML-WG , NMC-WG, andNSI-WG. It is
anticipated that future iterations perfSONARwill continue to adopt the recommendations of these groups
when they become available and slowly depreciate the addainstructs. Services that do not adapt will
face the risk of being discontinued from therfSONARramework, but this step has not been necessary to
date.

8.3 Network Control Plane

TheNetwork Control Planectivities are driven by several development efforts iditlg ESnetSOSCARS
project [13], EANT2's AutoBAHN [1], and Internet2’CN [4]. The groups are striving for protocol in-
teroperability within theDICE [5] collaboration and are interested in a portable and figtured definition
of network topology. Early work was not aware of & F working group efforts and focused on designs
that were precise, but not as scalable to other related ptsisech as network measurement and monitoring.
The various groups have adopted topology that is similattatwheperfSONARonsortium had initially
adopted and championed. Various design requirements laaged the flavor of topology to become more
specific than was available at the time. The following sectlescribes the current use of topology for these
communities. Note that this community does use the condegt @entifier similar to what was described
in Section 4 but with the specific elements described below.

8.3.1 Schema Differences

The Network Control Planaises elements similar to what was seen in Section 8.1.1 aii®$&.2.1, but
minor modifications wer&EQUIRED to fit this particular enterprise. The following represedm: basic
elements in this schema:

e Topology
e Domain
e Node

e Port

e Link

8.3.1.1 Topology

Thetopology element is used to enclose the definition afe@nainas well as the specific information that
an IDC (Inter Domain Controller) wishes to publish. Neighbors on tbentrol planeshare topology to
perform signaling operations.

aera T

<donmin />
</t opol ogy>
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8.3.1.1.1 idcld

Theidcld element contains identification information for theC (Inter DomainController) of a specific
domain. This information contain€HOULD be unique.

8.3.1.1.2 domain

The domain element contains a complete definition of network topologyd specific domain. See also
Section 8.3.1.2.

8.3.1.2 Domain

Thedomain element contains a complete definition of all topologicdites for a domain. These normally
consist ofnodes ports, andlinks.

<domai n>
<node />
<port />
<link />

</ donai n>

8.3.1.2.1 node

Thenodeelement describes network entities that confarns See also Section 8.3.1.3.

8.3.1.2.2 port

Theport element describesterfacesthat connectinks. See also Section 8.3.1.4.

8.3.1.2.3 link

Thelink element directly connecsortsthat are contained inodes See also Section 8.3.1.5.

8.3.1.3 Node

Thenodeelement is designed to describe a network capable deviteasuan endpoint, router, or switch.
This element normally contains a contaddressand a definition of all availablports

<node>
<address />
<port />
<port />

</ node>

8.3.1.3.1 address

Theaddresselement contains contact information in the fornrDoiShostnames olP addresses.

8.3.1.3.2 port

The port element describes a netwoitkterface for communicating on a specific node. See also Sec-
tion 8.3.1.4.
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8.3.1.4 Port

Theport element describes a netwarkerfacethat provides plumbing support for tmedesof a domain
The port itself contains definitions on capacity as well astaof link elements that connect the node to the
outside world.

<port>
<capacity />
<mexi munReser vabl eCapacity />
<m ni munReser vabl eCapacity />
<granul arity />
<link />
<link />

</ port>

8.3.1.4.1 capacity

Thecapacity element describes the maximuapacityof the port in bits per second.

8.3.1.4.2 maximumReservableCapacity

The maximumReservableCapacityelement describes the maximum amount of capacity that cae-be
served for a port in bits per second. TM&JST be less than or equal to tieapacity(see Section 8.3.1.4.1).

8.3.1.4.3 minimumReservableCapacity

The minimumReservableCapacity element describes the minimum amount of capacity that carebe
served for a port in bits per second. TM&JST be less than or equal to tmeaximumReservableCapacity
(see Section 8.3.1.4.2).

8.3.1.4.4 granularity

Thegranularity element describes the minimum increment in which bandwgdthbe reserved.

8.3.1.4.5 link

The element

8.3.1.5 Link

Thelink element describes a connection between ports. This eldnento describe the underlying tech-
nology in use as best as possible as the information is uséteb C for communication purposes.

<link>
<renotelinkld />
<trafficEngi neeringMetric />
<capacity />
<mexi munReser vabl eCapacity />
<m ni munReser vabl eCapacity />
<granularity />
<Swi t chi ngCapabi | i t yDescri pt or s>
<swi t chi ngcapType />
<encodi ngType />
<swi t chi ngCapabi | i t ySpeci fi cl nf o>
<interfaceMU />
<vl anRangeAvai |l ability />
</ swi t chi ngCapabi | i t ySpeci fi cl nf o>
</ Swi t chi ngCapabi | i t yDescri ptor s>
</1ink>
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8.3.1.5.1 remoteLinkld

TheremoteLinkld element is the remote link to which the link is connected. ugaMAY all be “*” if
connected to an end-host or domain without a topology detsmni

8.3.1.5.2 trafficEngineeringMetric

The trafficEngineeringMetric element is a metric associated with this link. Use is usuaierved for
specific implementations and no schema guidance is proVatadlue.

8.3.1.5.3 capacity

Thecapacity element describes the maximuwapacityof the link in bits per second.

8.3.1.5.4 maximumReservableCapacity
The maximumReservableCapacityelement describes the maximum amount of capacity that cae-be
served for a link in bits per second. TINEJST be less than or equal to tisapacity(see Section 8.3.1.4.1).
8.3.1.5.5 minimumReservableCapacity

The minimumReservableCapacity element describes the minimum amount of capacity that carebe
served for a link in bits per second. TINUST be less than or equal to tmeaximumReservableCapacity
(see Section 8.3.1.4.2).

8.3.1.5.6 granularity

Thegranularity element describes the minimum increment in which bandwgdthbe reserved.

8.3.1.5.7 SwitchingCapabilityDescriptors

The SwitchingCapabilityDescriptors element describes the parents switching capability. Therseveral
possible sub elements which we will briefly describe here:

e switchingcapType- Describes the “type” of switching available on a link (eegherne}

encodingType- Describes the “type” of encoding for the link (e SONET).

switchingCapabilitySpecificinfo - ContainsinterfaceMTU andvlanRangeAvailability.

interfaceMTU - The maximum transmission uni¥(TU ) of this link

vlanRangeAvailability - The range oW/LAN s available for provisioning on a link.
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The Control Plane community constructed this schemata, with assistance fn@mbers of thé&NM-WG

andperfSONAR.

# Begin Schema

File: nntopo_ctrlplane.rnc
Version: $ld: nntopo_ctrlplane.rnc 378 2009-02-02 17:25:37Z aaron $

IR H R R

defaul t namespace Ctrl Pl ane =
"http://ogf.org/ schema/ net wor k/t opol ogy/ ctrl Pl ane/ 20080828/

include "nntypes.rnc"

## Definition of the topol ogy el enent
start | = elenent topology { CrlPlaneTopol ogyContent }

Ctrl Pl aneTopol ogyCont ent =
# & Parameters

Identifier

& el ement idcld { xsd:string }

& (
Ctrl Pl aneDonain |
el enent domai nSi gnature {

Ctrl Pl aneDonai nSi gnat ur eCont ent

}

) *

## this a placeholder until we discuss and experinment wth signatures
Ctrl Pl aneDomai nSi gnat ur eContent =

attribute domainld { xsd:string }

& anyEl enent

Ctrl Pl aneDonai n =
el enent domain {
Identifier
& Lifetine?
& (
Ctrl Pl aneNodex
& Ctrl Pl anePort *
& Ctrl Pl aneLi nk*
)
}

Ctrl Pl aneNode =
el enent node {
Identifier
& Address?
& Cirl Pl anePort *
}

Cirl Pl anePort =
el ement port {
Identifier
& Cirl Pl aneCapaci t yCont ent
& Cirl Pl aneLi nkx
}

Ctrl Pl aneLink =

el ement link {

Identifier

el ement renoteLinkld { xsd:string }?
el enent trafficEngineeringMetric { xsd:string }
Cirl Pl aneCapaci t yCont ent ?
el ement |inkProtectionTypes { xsd:string }*
el ement administrativeGoups { CtrlPlaneAdni nistrativeGoup }*

o R0 R0 R Ro RO

}

# Begin path and endpoint additions
CtrlPlanePath =
el ement path {
Identifier
& Lifetime?
& attribute direction { "upstreant | "downstreani }?
& Ctrl Pl anePat hCont ent
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# a path consists of a |ist of hops, and/or |inks
Ctrl Pl anePat hContent =
elenent hop { Ctrl Pl aneHopContent }«

Ctrl Pl aneHopContent =

Identifier

& (
Donai nl dRef |
Nodel dRef |
Port | dRef |
Li nkl dRef |
Ctrl Pl aneDonain |
Ctrl Pl aneNode |
Ctrl PlanePort |
Ctrl Pl aneLi nk

)

& el ement nextHop { Ctrl Pl aneNext HopContent }*

Ctrl Pl aneNext HopCont ent =
attribute weight { xsd:integer }?
& attribute optional { "true" | "false" }?
& xsd:string

Ctrl Pl aneBi directional Path =
el enent bidirectional Path { Ctrl Pl aneBidirectional PathContent }

Ctrl Pl aneBi di recti onal Pat hContent =
Identifier
& Lifetinme?
# W have to do this so that it can be validated using trang/jing and still
# have the paths appear in an arbitrary order
& (
(Ctrl Pl aneDownst r eanPat hCont ent, Ctrl Pl aneUpst r eanPat hCont ent)
| (CtrlPlaneUpstreanPat hContent, Ctrl Pl aneDownstreanPat hCont ent)
)

Ctrl Pl aneDownst r eanPat hCont ent =
el enent path {
Identifier?
& attribute direction { "downstreant }
& Cirl Pl anePat hCont ent
}

Ctrl Pl aneUpst r eanPat hContent =
el enent path {
Identifier?
& attribute direction { "upstreant }
& Ctrl Pl anePat hCont ent
}

# End path and endpoi nt

Ctrl Pl aneAdmi ni strativeGoup =
elenent group { xsd:int }
& el ement groupl D { xsd:string }?

Ctrl Pl aneSwi t chi ngCapabi | i tyDescriptor =
el enent swi tchingcapType {
"psc-1"
| "psc-2"
| "psc-3"
| "psc-4"
| "I2sc"
| "tdnt
| "Isc"
| "fsc”
}
& el ement encodi ngType {
"packet "
| "ethernet"”
| “pdh"
| "sdh/sonet"
| "digital wapper”
| "lanbda"
| "fiber"
| "fiberchannel "
| xsd:string

}
& el ement switchingCapabilitySpecificlnfo {
Ctrl Pl aneSwi t chi ngCapabi | i t ySpecificlnfo
1+

Ctrl Pl aneSwi t chi ngCapabi | i tySpecificlnfo =
Ctrl Pl aneSwi t chi ngCapabi | i t ySpecificlnfo_psc
| CtrlPlaneSwi tchingCapabilitySpecificlnfo_l2sc
| CtrlPlaneSw tchingCapabilitySpecificlnfo_tdm
| CtrlPlaneSwi tchingCapabilitySpecificlnfo_lsc
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| CtrlPlaneSwi tchingCapabilitySpecificlnfo_fsc

Ctrl Pl aneSwi t chi ngCapabi i tySpecificlnfo_psc =
el enent capability { xsd:string }

Ctrl Pl aneSwi t chi ngCapabi i tySpecificlnfo_tdm=
el enent capability { xsd:string }

Ctrl Pl aneSwi t chi ngCapabi i tySpecificlnfo_lsc =
el enent capability { xsd:string }

Ctrl Pl aneSwi t chi ngCapabi | i tySpecificlnfo_fsc =
el ement capability { xsd:string }
Ctrl Pl aneSwi t chi ngCapabi | i tySpecificlnfo_|l 2sc =
el ement interfaceMU { xsd:int }
& el ement vl anRangeAvail ability { xsd:string }
& el ement suggest edVLANRange { xsd:string }?
& el ement vlanTranslation { "true" | "false" }?
## Capacity Description Pattern
Ctrl Pl aneCapaci tyContent =
el enent capacity { xsd:string }?
& el ement maxi munReser vabl eCapacity { xsd:string }?
& el ement mi ni nunReser vabl eCapacity { xsd:string }?
& el ement granularity { xsd:string }?
& el ement unreservedCapacity { xsd:string }?

# End Schema

8.3.3 Future Plans

The Network Control Planavill continue to use the current topology schema as reptedeabove through
the next several releases of software unless there is a dorgpeason to shift to new work produced by
theNML-WG or NSI-WG.

9 Notational Conventions

The key words “MUST” “MUST NOT”, “REQUIRED”, “SHALL", “SHALL NOT”, “SHOULD”, “SHOULD
NOT”, “RECOMMENDED”, “MAY”, and “OPTIONAL" are to be interpeted as described in RFC 2119

[2]

10 Security Considerations

There are important security concerns associated withehergtion and distribution of network topology
information. We do not address those concerns in this dooyrbat implementers are encouraged to con-
sider the security implications of generating and distiiimy topology information. While distribution of
end-to-end application-level topology is generally atedpdescriptions that identify individual compo-
nents should be taken carefully, and the distribution obrimfation to other sites that cannot be obtained
readily by other users at those sites should be consideretlin
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