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Recommendation ITUT G.7711/Y.1702

Generic protocokneutral information model for transport resources

Summary

Recommendation ITO G.7711/Y.1702 specifies a core information mo@él) of transport
resources. ThéM is applicableto the management and control of transport neteogegardless o
whether thg utilize traditional operation support systenOf§ managenent, an automatically
switched optical networkASON) control plane oasoftwaredefined networkingRDN) controller to
configure transport connectivity. The model is also applicable regardless of the technolog)
underlying transport network. Furthermore, the applicability oithés independendf the ultimate
protocols that will be used in the maeagent and control interfaces.

The 2016 editon of this Recommendation has changed the document structure, adc
«experimentat address structure to the foundation model, changed the name of TopologicalE
ForwardingEntity, incorporated Forwarding@struct (FC) under ForwardingEntity and conssdet
as closely related to topology, added the resilience model, added the equipment model and ¢
Specification model.

History
Edition Recommendation  Approval Study Group Unique ID'
1.0 ITU-T G.7711/Y.1702 201508-13 15 11.1002/1000/1256
20 ITU-T G.7711/Y.1702 201612-22 15 11.1002/1000/1309:
Keywords

Informationmodel| protocotneutral transport esource, UML

* To access the Recommendation, tipe URL http://handle.itu.int/ in the address field of your web
browser followed by the RecommendationsniquelD. For example http://handle.itu.int/11.1002/1000/11
830en
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
teleconmunicaions information and communication technologies (ICTBhe TU Telecommunication
Standardization Sector (I'FU) is a permanent organ of ITU. ITU is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwitsis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU study groups which, in turn, produce Recommendations on these topics.

The approval of ITUT Recommendations igeered by the procedure laid down in WTSA Resolution

In some areas of information technology which fall within TW purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expressitAdministration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ems, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other
obligatory language such as "must" and the negative equivalents are use@$s eaqguirements. The use of

such words does not suggest that compliance with the Recommendation is required of any party.
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the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the Recommendation developnt process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers are
cautioned that this may not repeesthe latest information and are therefore strongly urged to consult the TSB
patent database lttp://www.itu.int/ITU-T/ipr/.
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Recommendation ITUT G.7711/Y.1702

Generic protocokneutral information model for transport resources

1 Scope

This Recommendationdescribesa core information modglIM) of transport resourceg\n IM
describes the things in a dam in terms of objects, their properties (represented as attributes) and
their relationshipsThis IM isintended to bapplicableo the management and control of the transport
network regardless of whether the transport networks utilize traditapeshtion support system
(OS9 managemenfiTU-T G.7710] an automatically switched optical networR$ON) control
plane[ITU-T G.8080]or a softwaredefined networking YDN) controllerto configure transport
connectivity. The model is also applicable regassllef the technology of the underlying transport
network. Furthermore, the applicability of thé is independenof the ultimate protocols that will

be used in the management and control interfaces.

The corelM defined in this Recommendation can be useda@ass for the extension of
transport/contretechnologyspecificIMs. Such extension will be specified in technoleggcific
Recommendations, suchtaeseshown in Figure 4L: [ITU-T G.874.] for optical transport network
(OTN) management[ITU-T G.8053 for Carrier Ethernetmanagement[ITU-T G.8152] for
multiprotocol label switchingransport profile MPLS-TP) managementand[ITU-T G.7718.] for
ASON controlmanagement

ITU-T G.7711
(Generic)

ITU-T G.874.1 ITU-T G.8052 ITU-T G.8152 ITU-T G.7718.1
(OTN) (Ethernet) (MPLS-TP) (ASON)

G.7711-Y.1702(16)_F1-1

Figure 1-17 Example information model extension

A uniformmanagement/contrgdrotocotneutral cordM for traditional management, ASON conirol
and SDN control will ensure consistemperation, administration, maintenance and provisioning
(OAM&P) of the transport network. Thiwill benefit netvork operators and system/equipment
vendorsby enabling interoperability between SBdéntrolled and traditionallynanaged network
domains and future migration from traditional management to SDN control.

Furthermore, it is essential that thv be applical# to complex network elements (NEs) that may be
deployed in current networks, which requires suppomarfe than a simple nodal vietxamples of
such NEdollow.

T Multi-layer NEs with subnetworks at each layer with transitidivédts between the
subnetvorks.

T NEs that have their matrix partitiongelg, to model multipleMSPRINGterminations or to
model connectivity restrictiohsvith “internal” links between the subnetworks.

T Distributed NEde.g., apassive optical networfPON)| with a mediation dinction to allow
management visibility of each of the "encapsulated".NEs

The complexity of these NEs makié difficult to distinguish between the Nodalview and what
is traditionally called the network view. The cdk& thus encompasses both nodal aativork vievs
of transport resources.
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2 References

The following ITUT Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and otHerenreces are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the currently
valid ITU-T Recommadations is regularly published. The reference to a document within this
Recommendation does not give it, as a s@nde documenthe status of a Recommendation.

[ITU-T G.781]
[ITU-T G.798]

[ITU-T G.800]
[ITU-T G.805]
[ITU-T G.808.1]

[ITU-T G.874.1]

[ITU-T G.771Q
[ITU-T G.7718.1]
[ITU-T G.8021]
[ITU-T G.8032]
[ITU-T G.8080]
[ITU-T G.8081]

[ITU-T G.8052]

[ITU-T G.8152]

[ITU-T X.731]

[ITU-T X.1036]

[ISO/IEC 195051]

Recommendation ITA G.781 (2008)Synchronization layer functions

Recommendation ITO G.798 (2012)Characteristics of optical transport
network hierarchy equipment functional blocks

Recommendation ITOJ G.800 (2086), Unified functional architecture of
transport networks

Recommendatn ITU-T G.805 (2000)Generic functional architecture of
transport networks

Recommendation ITO G.808.1 (2014)eneric protection switching
Linear trail and subnetwork protection

Recommendation ITO G.874.1 (20&), Optical transport network:
Protocokneutral management information model for the network element
view.

RecommendatiofifU-T G.7710/Y.17012012) Common equipment
management function requirements

Recommendation ITAI G.7718.1/Y.1709.1 (2006 rotocokneutral
management information model for the control plane view

Recommendation ITI G.8021/Y.134%2016), Characteristics of Ethernet
transport network equipment functional blocks

Recommendation ITO G.8032/Y.13442015),Ethernet ring protection
switching

Recommaedation ITUT G.8080/Y.13042012),Architecture for the
automatically switched optical network

Recommendation ITAI G.8081¥.1353(2012),Terms and definitions for
automatically switched optical networks

Recommendation ITI G.8052Y.1346(2016), Protocolneutral
management information model for the Ethernet Transport capable network
element

Recommendation ITA G.8152/Y1375 @016),Protocolneutral
management information model for the MPLS network element

Recommendation ITA X.731 (1992),Information technology Open
Systems Interconnecti®érnSystems managemeBtatemaragement
function

Recommendation ITO X.1036 007),Framework for creation, storage,
distribution and enforcement of policies for network security

ISO/IEC 195051:2012 Information technology Object Management
Group Unified Modelling Language (OMG UML)Part 1: Infrastructure
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3

3.1

Definitions

Terms definedelsewhere

This Recommendation uses the following terms defined elsewhere:

3.1.1
3.1.2
313
3.1.4
3.1.5
3.16
3.1.7
3.1.8
3.1.9
3.1.10
3111
3.1.12
3.1.13

3.2
None

4

access poin{ITU-T G.805]

connection point[ITU-T G.805]

connection termination point[ITU-T G.808]
information model [ITU-T X.1036]

link [ITU-T G.805]

link connection[ITU-T G.805]

matrix [ITU-T G.805]

port [ITU-T G.805]

subnetwork [ITU-T G.805]

subnetwork connection[ITU-T G.805]
termination connection point[ITU-T G.808]
trail termination [ITU-T G.805]

trail termination point [ITU-T G.8081]

Terms defined in this Recommendéion

Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

AP
API
ASON
BMCA
C&SC
CIM
CP
CRUD
CTP
DSGL
DS
ECC
EMS
E-NNI
FC

Access Point

Application Programming Interface
Automatically Switched Optical Network
Best Master Clock Algorithm
Configuration and Switch Controller
Common InformatiorModel
Connection Point

Create Read Update Delete
Connection Termination Point
Domain Specific Graphical Language
Data Schema

Embedded Communication Channel
Element Management System
External Network to Network Interface
Forwarding Construct
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FD
FDFr
FPGA
FRE
FRU
FTP
GUID
IM

IMP

LP

LT

LTP
MAC
ME
MEP
MFDFr
MPLSTP
MSPRING
NE
NFRU
OAM
OAM&P
OCL
oS
0SS
OTN
PON
PTP

Rx
SASE
SDN
SDO
SNC
SNP
SSM
TAPI
TCP

Forwarding Domain

Forwarding Domain Fragment

Field Programmable Gate Array

Frame Reference Event

Field Replaceable Unit

Floating Termination Point

Globally Unique Identifier

Information Model

Inverse Multplexing

Layer Protocol

Layer Termination

Logical Termination Point

Media Access Control

Maintenance Entity

Maintenance Entitgroup &d Point

Matrix Forwarding Domain Fragment
Multiprotocol Label Switchinglransport Profile
Multiplex Sectionshare Potection Ring
Network Element

Non-Field Replaceable Unit

Operation, Administration and Maintenance
Operation, Administration, Maintenance and Provisioning
Object Constraint Language

Operaton System

Operation Support System

Optical Transport Network

Passive Optical Network

PrecisionTime Protocol

Receiver

Stand Alone Synchronization Equipment
SoftwareDefined Networking
Standard®evelopnentOrganiation
Sulmetwork Connection

SulmetworkPoint

Synchronization Status Message
Transport API

Termination Connection Point
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TPE TransmissiorPath Endpoint

TRI Transport Resource Identifier
TTP Trail Termination Point

TX Transmitter

UML Unified Modelling Language
UuID Universally Unique dentifier.
VCAT Virtual Concatenation

XC CrossConnection

XML Extensible Markup Language

This Recommendation also uses the following abbreviations and acronymsalbhesaations are
for the name of thenodel constructs, such as object class. These names folltumifiezd Modelling
Language UML) naming convention, i.e., UpperCamelCase.

FC ForwardingConstruct
FD ForwardingDomain

LP LayerProtocol

LTP LogicalTerminationPoint
MLSN MultiLayerSubnetwork
NCD NetworkControlDomain
NE NetworkElement

5 Conventions

51 UML modelling conventions

The information modglM) defined in this Recommendation is expressed in a formal language called
UML, which was developed by th@bject ManagementGroup (OMG). It is a gemral purpose
modelling language in the field of software engineering200Q the UML alsobecame subject to
[ISO/IEC 195051].

UML defines a number of basic model elementdledUML artefacts. In order tensure consistent
modelling, only a selected lsset of these artefacts is used in the development of the
ITU-T G.7711Y.1702IM. The selected subset of UML artefacts is document@ahmex A

5.1.1 Note on readingUML diagrams

The UML diagram convention is provided in Annex A. There are somasggcts of the diagms
that need to be emphasized

T Association end attribute (the name of which always starts with " ") highlighted in the
diagrams by the navigable end of the association (arrow head) is an attribute of the class at
the nonnavigable ed of the association. It is the convention not to show the attribute in the
class in the diagrams. The attributes for-mawigable ends (owned by the association) are

not shown.
T On some occasions, other properties of the association end attribaksoasbown.
In Figure 51, thetextathear r ow head end _ | LpdgcalTesminationPomtt(LITP).i but e

1 See [BUUID, 2017].
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«OpenModelClasss
- LogicalTerminationPoint

1>

LtpIncludesLayerProtocols

+ _lpList{ordered, unique}

«OpenModelClass»
LayerProtocol

Figure 5-17 lllustrating navigable association end attributes

This attribute is shown inthe fragment of abbreviated data dictionary Table 51 for

LogicalTerminationPoin(LTP).

Table 5171 Attributes for LogicalTerminationPoint

Attribute name Lifecycle stereotype
(empty = Mature)

Description

_lp

Ordered list of LayerProtocols that this LTP is
comprised of where the first entrytime list is the
lowest server layer (e,gphysical)

This sort of table is used in each of Recommendati@on a section of the mod&8uch table®nly

provide summary information. For full informatiothe reader should refer to the data dictionary

(seeAppendixll).

5.2 Model artefact lifecycle stereotypeconventions

Stereotypes are applied to entities in the model to indicate the degree of maturity. These are made

visible in many of the figures.

The following stereotypes appear in tRiscommendatian

| «experimental»

Indicates that the entity is at a very early stage of development and will almost certainly

change. The entity is NOT mature enough to be used in implementation.

T «preliminary»

Indicates that the entity is at a relatively early stafggevelopment and is likely to change

but is mature enough to be used in implementation.

If no stereotype is showthe entity is matureéSeeclause A.2 for more details.

6 Rec. ITU-T G.7711/Y.1702 (12/2016)




5.3 Forwarding entity terminology conventions

In this Recommendation, the terfRgrwardingDomain(FD) andForwardingConstruct(FC) have
been used in place of the traditional terubNetwork (SN) andSubNetwork-Connection(SNC),
respectively.

5.4 Conditional package conventions

Conditional packages are used &mhance (core) objectlasseshterfaces with additional
attributegoperations on a conditional basis. The attributes/operations are defined in special object
classes called packages. In this Recommendation, package names follow the same rules as definec
for object classes. Theame ends with the suffix " _Pac".

5.5 Pictorial diagram conventions

This Recommendationncludes a number of UML diagrams. The UML symbol set is suitably
explained inAnnex A, which includes guidelines on the usage of UML diagrams

This Recommendation alcontains a number of nadML diagrams, which use the symbdilsted
in Figure 52 in pictorial representations of network examples

EDITORIAL NOTE T The UML figures contained in this Recommendation are also available in png format
here

Rec. ITU-T G.7711/Y.1702 (12/2016) 7
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Alternatives Primary meaning
symbols symbol

FC [TMF SNC, FDFr, MFDFr, XC (and now FRE/FC)]

FC(emphasizing FcPorts O that support the pointer to the LTP)
[FcPort is equivalent to aList and zList] of TMF SNC/FDFr (and now EndPoint of FRE/FC)

LTP bound to physical port (TMF PTP (and now TPE with physical port)

LTP without direct physical port that is not dependent on another LTP (TMF FTP and now TPE that is floating)
Adapter and/or LTP Pool - absorbed into LTP [Is ITU-T G.805 adaptation function and is absorbed into TMF PTP/CTP/FTP/TPE]
Termination function - absorbed into LTP [Is ITU-T G.8035 trail termination and is absorbed into TMF PTP/CTP/FTP/TPE]

[
0l
[
|:| LTP without direct physical port that is dependent on another LTP (TMF CTP and now dependent TPE)
[
L
V4
Termination connection point (TCP) - absorbed into LTP [Is ITU-T G.805 TCP and is absorbed into TMF PTP/CTP/FTP/TPE]
b
Y

Connection point (CP) - absorbed into LTP [Is ITU-T G.805 CP and is absorbed into TMF PTP/CTP/FTP/TPE]
B Inverse multiplex point (IMP) - absorbed into LTP [Absorbed into TMF PTP/CTP/FTP/TPE]
Q ForwardingDomain [TMF MLSN, FlowDomain (and now ForwardingDomain)]

NE [roughly TMF ME]

————— Protection switch in an FC Two protection switches
[DL] FC decomposition (half switch) that are inverse ganged
showing common point in grey 7777

—— An association (illustrating a UML association) ~—® A navigable association
Route structure
Link (where the yellow form emphasizes LinkPorts and conceptual relationship to FC)

LinkPort
Encapsulated FC

FeSwitch showing
- common point (black dot)
- Described in spec only
- _selectedFcPortRefList
- Current switch position (red line)
- switchSelects
AP [Is ITU-T G.805 AP] - 1= input to switch selected (shown)
- 0 = output selected

Adjustable encapsulated FC

Fixed encapsulated FC

Association to another LP (may be inter LTP)
| NOTE - If not shown at the top of an LTP means the LTP
does not expose signal, ¢.g., monitor TP G.7711-Y.1702(16)_F5-2

Figure 527 Network diagram symbol key

6 Model overview

This clauseprovides an overview of th@ore Modelof the CommoninformationModel CIM) and
alsothe structure ofhe model description documentation.

In addition, there are UML modelling guidelines and tooling for model generation and usage. Pointers
to these guidelines are provided in Annex A.

The description of the model is broken down into a setnoiexegprogresingthrough the model
from the basics of transport forwarding and terminationa description of the augmentation
mechanism of the specification model.

Clauses.1 to 6.7provide some brief highlights from the associsadexes
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6.1 Developmentand useof the ITU-T G.7711Y.1702Generic Information Model

Figure6-1 provides an overview of the CIM and how the purpose speanificmation model IM)

views and data schen(RS) are related to it. The term DS in tlRecommendatiors used in the
context of either (1) a specific protocol that is used to implement a purpose specific interface or (2) a
programming language that is used to invoke a purpose specific application programming interface
(AP1). Guidelines for the use of UMin the CIM, pruning and refactoring the CIM to provide a
purpose specific view, and ultimately mapping ©%will also be provided.

Common information model

|
: T B Fm— | Interface creation process
* Forwarding subset 1
: : Termination subset ) View of the Map lcDaFa schema Map .lr{terface
Prune/refactor common or interface 1 instance 1
| | + Foundation subset IM for a
I .
particular
| | Technology (e.g., OTN) purpose Map > vln‘terface
| | model instance 2
[ '
| H : /!
| Application 1 (e.g., storage) I /
| | model I
|
| |
: |
I | xxx model | | /
I L/ \
iyl ity A\
/ \\ \\\\ / /
\, >< /_/
Guidelines \.,\ ~. /
4 \ ~
Model UML fap;yrucsl Common Interface Interface Interface
structure g}?ﬂ?ﬂb process specific specific specific

G.7711-Y.1702(16)_F6-1

Figure 6-11 Me t h odfiofbrroagjon model and data schemadevelopment

6.1.1 Common Information Model

An information model describes the things in a domain in terms of objects, their properties
(represented as attributes), and their relationships. The CIM should be expressed in UML and include
all of the artefacts (object classes, attributes, relationskip} that ae necessary to describe the
generic and domains for the technologies/applications being developed.

It will be necessary to continually expand and refine the CIM over time as new forwarding
technologies, capabilities and applications are encompassgdew insights are gained.

To allow these extensions to be made in a seamless manner, the CIM will be structured into a generic
core model Known by the number of this Recommendation, I'BJ-T G.7711/Y.1702 and a

number of models which are specific tbet forwarding technologies (such as OTN in
[ITU-T G.874.1] Ethernet iITU-T G.8052] etc.) and applications (such as ASON control plane
management ifiTU-T G.7718.1). This modelling process is intended to allow these extensions to

be developed with asuch independence as possible.

2 The term data schema is used instead of data model, since the term data model is also used in a wider context
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) GenericCore Model

The artefacts in the generic core mod€U-T G.7711Y.1702 will be used as a core model

by the technology/application specific models either directly or with extension. The generic
model will beconstructed as a set of soipdels each addressing a specific topic to allow for
easier navigation. This Recommendation is responsible for specifying and maintaining the
generic model.

As a result of advancements in the indusiirynay be recogrzed thatsome parts of the
generic model may need to be augmented or changed. This Recommendation will ensure that
any such areas are clearly identified using lifecycle stereotypes. The older model forms will
be maintained to ensure ongoing compatibility and $e @aigration.

T TechnologyApplicationModels

It is expected that the transport forwarding technology or application specific domains will
develop the appropriate models which contain objects, attributes and associations that relate
solely to that respeiee domains. In some cases application or forwarding technology
addition will also require enhancement of the generic model.

In some casean artefact in a model initially considered to be purely for a single forwarding
technology or application mape subsequently recoged as common across several
technologies or applications and hence there will be a need to migrate (promote) this artefact
to the generic model.

To ersure cohererg any artefacts, attributes or associations that might be identifiedg the
development of forwarding technology or application models should be included in the appropriate
fragment of the CIM. Only those properties that relate to the specific encoding or style of interaction
of an interface may be added outside thigl Cl

6.1.2 Purposespecificinformation model view

An interfacepurposespecific information model view is a subset of the CIM and should be expressed
in UML. A purpose specific information model vigastypically much smaller than the entire CIM.

If additional artefacts (objects, packages, attributes or associations) are identified while establishing
a specific view, these should be added to the appropriate fragment of the CIM so that they are
available for future use.

To provide maximum reuse, a purposecsipeview should be developed in two steps

| Prune and refactor the artefacts of the CIM to provide a model of the network to be managed.
Only those artefacts that represent the capabilities that are both in scope and supported are
include in the purpossgpecific IM.

| Define the access rights for the various groups of users that will manage that network

Pruning and refactoring provides a purpose specific IM that represents the capabilities of the network
of interest. The definition of access rights pdas the ability to limit the actions that can be taken by

the various user groups that will use that IM. For exapgplaser group responsible for network
configuration could be provided with full read/write access and the ability to create or delete obje
instances; while a user group responsible for inventory may only be allowed read acceas Gex

the networkbut cannot make changes).

T Pruning,i.e.,, remove the objects/packages/attributes that are not rdguire
A Select the required objeciasses from the common IM
3 All mandatory (noroptional) attributes and packages must be included
A Select the required conditional packages and optional attributes

3 Where appropriate conditional packages and optional attributes may be declared
mandatory

10 Rec. ITU-T G.7711/Y.1702 (12/2016)



A Remove any optional associations that are not required
| Refactoringj.e., reduce association flexibility:
A Reducing multiplicity €.g.,from [1..*] to [1])

3 When this results in a composition association of multiplicity [1] between a
subordinate and superior object class, they can be combined into a single object
class by pulling the attributes of the subordinate class into the superior class

A Where possible reducing the depth of the inheritaneg lfy combining object classes
by moving the attbutes of the super class into the subclass)

A Add reverse navigeon (if useful for the client)

3 The common IM only supports navigation from a subordinate object class to a
superior object class. This allows new subordinate object classes to be atided wi
any impact on the superior object class. In a purpose specific implementason
frequently useful to be able to navigate the relationship between superior and
subordinate glect classes in both directions

A Constraining attribute definitions
3 Reducing legal value ranges
3 Defining which (if any) attributes should be read only (for all users)
3 Defining constraints between attributes
T Definition of access rights:

If only one group will use the network specific IMen this step is not requdelf more than
one group will use the network specific IMis optional step provides a profile for each user
group to:

A Convert some attributes defined as read/write in the network specific IM to read only
A Remove the rights to create/delete somdlarbgect instances

6.1.3 Data schema

A DS is developed in the context of either (1) a specific protocol that is used to implement a purpose
specific interface or (2) a programming language that is used to invoke a purpose specific API. Note
that it is pasible to map directly from the purpose specific information model to interface encoding.
The DS is constructed by mapping of the purpose specific information model into the DS together
with the operations patterns from the CIM to provide the interfadeqobspecific operations and
notifications. The operations should include data structures taken directly from the purpose specific
information model view with no further adjustment.

The development of the DS should consider the following:

| The operationshould act on the information in a way consistent with the modelled object
lif ecycle interdependency rules

A Use Ifecycle dependencies to ensumesensible interface operation structuring and
interface flow rule

A Useatransaction approach style of irface to account for lifecycle dependencies of the
model

T The operations should abide by the attribute properties

A Read only attributes (except those which are defined as setByCreate) should not be
included in data related to creation of an object (eagt in createData) or in a
specification of a desired object outcome

T Use of attribute value ranges, etc. to allteffort" statement, optionality and negotiation to
be supported by the interface
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6.1.4 Interface encoding

This step encodes either the gmse specifi®S or a purpose specifi/ into either a specific protocol

that is used to implement a purpose specific interface or a programming language that is used to invoke a
purpose specific API. If the interface is encoded directly from the pugpes#ic information model

then the interface operations mhetadded as described in claGde3.

6.2

This clauseprovides a higHevel overview of thelTermination and-orwarding aspects of théore
Network Model Details of the model are provided in AnnexTBiis model is a canocal model of
networking from ananagementontrol perspectivekigure6-2 is a skeleton class diagram illustrating
the interrelationshipsf key object classes definaatheCore NetworkModel of theCoreModel The
classes are calioed toidentify key groupings in the model. The cote are chosen to match the key
entity colairs in Figures-2 (with theLink in the alternative colw for clarity). This colar scheme for
class diagrams is used in some of the figures in the asscamtexes

Core Network Modeli Forwarding and Termination Model

«Preliminary, OpenModelClass»
SdnCentroller

<Prelifminay>
SdnControlerHasNcds

<Preliminary, OpenMode|Clas:» 1

Preliminary-
NetwarkControlDomin
NedAccessesLinks
12
1
<Pralinfinary»
NedControlsNes
sPrelithinarys
Nelndudesttps «OpenModelClass, LikelyToChanges NedContlobEds
0.1
NeEncompassests HigherLeveIFdEncompassesl owerl evelFds
© v W e lowerlevelFdRefLit <Lm
<OpenModelClasss
Faa . ForwardingDomain
ggregatesLtps
0.1
0.1 2.5\ + fdRefList
FdEncompassesLowerlpvelLink
LinkHasts sociatedFds
o |+ towertevelLinkRefListly =
«OpenModelClasss
« ko lasss| + _linkPortList pen “L‘:k :
LinkPort
Sz 5+ LinkHaslinkPorts R
sStrictCompasites
+_lowerLevellink
LinkBhcempasseslowerl evelLjnks
LinkPortTarminpte:OnLtps FeConbansres
UpHasClientltps LtpRelatestToLtplnGtherView
LtpHaServerltps
+ serverltpReflit l o0 pRefList Y + tpReflist |« + MpReflist
«OpenModelClass T
LpHasPeerlty H LogicalT: connectedLpRef FeHasLowerlevelFes
b pCarfnects ToPeerlp
0t 1 o feRefList 0.1 -\ + lower evelFcReflist
+_peerlipRef 2 FcPortConnectedToltp * [ openylodelClass| + fePortlist OpenModelClass
h o ItpRefList ElfcPort "3 FeHasfcPorts 1 | = ForwardingCanstruct

0.1 T X,

clientltpReflist 1

Ltplnclude]LayerProtocols

+ _Iplist L

<OpenhlodelClass»
Q LayerPratocol

«StrictCompasites

Source Papyrus CoreModel diagram: ForwarditggnterLayerSkeletonOverview

Figure 6-271 Skeletonclass diagramof key object classes
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EDITORIAL NOTE T The UML figures contained in this Recommendation are also available in png format
here

6.3 Core Foundation Model

The Core FoundationModelin Annex Cprovides a detailed view of all aspgof the Core Model
that are relevant to all other parts of the CIM. Currently this model includes coverage of naming and
identifiers as well as states.

6.3.1 Naming and identifiers
Rationalizing the approadb naming, identification and addressing of entities described in the CIM

6.3.2 States
Basic states applicable to a majority of entities in the (@bt Figure 6.

=OpenModelClass, Preliminary» o OpenModelClass, Experimentals
E] state Pac <] «Preliminary» E] LocalClass
Eg «CpenModelattribute, Preliminany» + operationalState: OperationalState [0..1]
Eg «CpenModelAttribute, Preliminany» + adminsatratveState: AdministrativeState [1]
=l «OpenModelAttribute, Preliminary= + lifecycleState: LifecycleState [1] <]

«Preliminarys

OpenModelClass»

«Enumeration: «Enumerations» GlobalClass
«Preliminary» «Preliminary»
OperationalState Administrative State
= DISABLED =1 LOCKED
=1 ENABLED = UMLOCKED
These states are derived fram the definitions in B
ITU-T Recommendation X731 "Infarmation
«Enumeration Technology — Open Systems Interconnection -
«Experimentals Systerns Management: State Management
LifecycleState Function” including amendments 1 and 2. This
= PLANMED Recommendation and its amendments are
= POTENTIAL available from:
=1 INSTALLED httpe/fwwew ituint/rec/T-REC-X.731/en
= PENDING_REMOVAL

Source Papyru€oreModel diagram: GeneralizedStates
Figure 6-31 States for allobjects

6.4 Core Network Modeli Topology Model

The TopologyModelin Annex Dprovides a detailed view of the topology model covering both the
basic topology pattern with detailed attributes as well as the combination of layered topology and
topology views SeeFigure 64 and Figure 6.
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¥
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ke LinPortTeminatesOnlips | e
LogicalTerminationPoint [ "+ LinkPort r< T Link >

1 L

1. 0.2

—

LayerProtocolTransition Pac ‘

LinkEncompassesLowerlevellinks

LtpIncludesLayerProtecals

FeSuppartsLink

LinkContainsF

s

wPreliminary
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1 0.1
+| FePort g e :{ Forwardlng[onstluctE
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L
LayerPratocol
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Source Papyru§oreModel diagram: TopologiighLevelOverviewOfStructureAndPatsrge Text

Figure 6-471 Key classes that form the network topology

CoreModel Diagram
FdRecursionWithLink

Shown by ForwardingDomain

HigherLevelFdEncompassesLowerLevellFds

nesting (e.g., Ais in B)

s

0..1

Allows for
multi-ended

«OpenModelClass»

links

] ForwardingDomain

0.1 FdEncompassesLinks
>——

FD A encompasses
5 links

LinkHasAssociatedFds|

*

«OpenModelClass»

= Link

_Represents link at
I boundary of
ForwardingDomain

¥ agaregatedLink

«Experimental»

LinkEncompassesLinks

Showing experimental
Link recursion

[
[

I
A link is wholly in a specific ForwardingDomain

if all ForwardingDomains that it is associated to are

in that ForwardingDomain. Hence no specific association

is necessary in the model. G.7711-Y.1702(16)_F6-5

Figure 6-57 ForwardingDomain recursion with Link 3

The numbering of the FDs on the figure implies a strict and fixed hierarchy. It should be noted that the
association is aggregation darhence the hierarchy can change and an FD may move from being

encompassed by one FD to being encompassed by another. Consider the numbering as simply a view of the
current structure.
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6.5 Core Network Modeli ResilienceM odel

TheResilienceModelin Annex Eprovides a view of the model for resilience (including protection
and restorationand encompasses

T The basic resilience model structure
T The key attributes relevant to resilience
T The application othe resilience model to various cases

See Figure ®.

Lsyroatzral

Source Papyru€oreModel diagram: Resiliendeattern
Figure 6-6 17 Basic resilience pattern

6.6 Core Physical M odel

The Core PhysicalModelin AnnexF provides a view of the model for physiadjecs (including
equipment, holders and connect@sll encompasses

| Introduces théhysical model structure

| Describes the key classes of Blg/sicalmodel

| Explains the attributes of th#hysical model

T Describes the relationship between the connectdrthe LTP

T Shows how the model deals with the relationship between physical and functional views
T Explains how th&pecification model describes equipment scheraeas,(ules)

T Highlights work in progress to further advartbe Equipmentmodel

See kgure 67.
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+ _connec tor

Source Papyru€oreModel diagram: Equipmetattern

Figure 6-7 7 Basic equipment pattern

6.7 Core Specification Model

This clause provides a higavel overview of th&Core SpecificationModel Details of the model are
provided in Annex GThere are several related needs that have given rise $pebitication model:

| Provide machine readable form of specific localized beliavio
A Representing rules related to restrictions of specific cases of use of the model
A Representing capabilities specific cases of use

) Enablethe introduction of run time schema where the essential structure of the model is
known up front (at compile timehut the details are not

| Reducethe clutter in a representation where a set of details theesame Maes for all
instances that related to a specific case

| Allow leverage of existing standards definitions (e.g., technology/application specific) in a
machine readable language

The combination of treeneedsesulted in a separation in the model of défmis of structure and
content such thatan instance of classes from one model fragment could point to another model
fragment to enable the provision of a fragment of definition of the class and of subordinates.

The aim of all specification definitions ikat they be rigorous definitions of specific cases of usage
and enable machine interpretation where traditional interface designs would only allow human
interpretation.

The following dedicated spec structures have been considered
T FC spec: Main focustprovide a representation of théeetive internal structure oihe=C

T LTP and LP spec: Main focus to provide a representatidragér Protocol (LP) specific
parameters fathe LTP
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| FD and Link spec: Main focus on capacity and forwarding enablenmsnttiens
| Equipment spec: Main focus to provide a representation of equipping constraints

See Figure .
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Y PeoderiowSpsc .
LpSpecHasP roviderViewSpec 0.1
<

Source PapyruSoreModel diagram: SpddpCapabilitySpec

Figure 6-8 1 Classdiagram of the spec model oL TP and LP

In addition there is work on a generalized spec pattern with the main focus to provide a common
representation of the mechanism for relating a class to its spec, accounting for implementation needs.

7 Other aspects

This clause provides an overview of other critiagborting material of the CIM. These matesial
are further detailed iAppendixIV .

7.1 Key reference materials

In the development of th€ore Model ofthe CIM, IM works have been shared amostandards
developmentorganizations§DO9, including [3ONF TR-512], [0 TMF TR215], [ TMF TR225],
and[b-TMF GB9237. TheCore Model has also been published asJNF TR-512]. It is also being
shared with other bodies via various mechanisms including publication of a view of the model as
[b-IETF draftlam].

Appendix | provides a mapping between the documentation structure of this Recommendation and
[b-ONF TR512].
7.2 Data dictionary

The data dictionary provides details of the classes, attributes and data types (i.e., syntax) that are used
in themodel. The individuahnnexe®n model focuses provide details on key classes and attributes
but do not provide all details to avoid clutter and replication.

An extract from the data dictionary is showrFigure 7.1
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5.1.1.6 ForwardingConstruct
Qualified Name: CoreModel::CoreNetworkModel::ObjectClasses::ForwardingConstruct

The ForwardingConstruct (FC) object class models enabled potential for forwarding between two or more LTPs at a particularspecific
layerProtocol. Like the LTP the FC supports any transport protocol including all circuit and packet forms. It is used to effect
forwarding of transport characteristic (layer protocol) information. AnFC can be in only one FD. The ForwardingConstruct is a
Forwarding entity. Ata low level of the recursion, a FC represents a cross-connection within an NE. It may also represent a fragment
of a cross-connection under certain circumstances. The FC object can be used to represent many different structures including point-
to-point (P2P), point-to-multipoint (P2MP), rooted-multipoint (RMP) and multipoint-to-multipoint (MP2MP) bridge and selector
structure for linear, ring or mesh protection schemes.

Applied stereotypes:
* OpenModelClass
* objectCreationNotification: NA
* objectDeletionNotification: NA
* support: MANDATORY

Table 1: Attributes for ForwardingConstruct

Attribute Name Tvpe Multiplicity | Access | Stereotypes Description
JeyerProtocalName OpenModslAtuibute ThelayerProtocalat which the FC enables
LayerProtocolName 1 RW + AVC:NA potential for forwardng.
.y

- norange constraint
# support: MANDATORY

An FC object supports a recursive
ageregation relationship such that the
intemal construction ofan FC canbe
exposed asmultiplelowerlevel FC objects
. itioning) Aggregationis used as forthe
, OpenModelAtuibute (partitioning) Aggreg;
fomereveliRellit ForwardingConstruct o+ RW + AVC:NA FD to allow changes in hierarchy. FC

. aggregationzeflects FD aggregation. The
» yalueRange: norange constraint 2oy
 opport. MANDATORY FC represents a Cross-Comectionin an NE.

The Cross-Connectionin anNE is not
necessanly thelowestlevel of FC
partitioning.

Figure 7-17 Extract from data dicti onary

7.3 Terminology mapping

Tablelll.1 provides overview translations from classes in the CIM to classes (and concepts) in other
models. It will be helpful for someone who is familiar with one of the other industry standard
terminology sets when workirtgrough the CIM.

7.4 Core Model enhancement

AppendixIV provides fragments of ongoing work. The data dictionary docufsertAppendix II)
does NOT include entities from Appendix. All the work in AppendixV is experimental.

AppendixIV covers:

| Modeling enhancements including adding rules to the core model (loop and spiral)
| ManagementControkComponenmodel includinga ProcessingConstruct

T Operations model patterns

| Information architecture and patterns

| Additional interview interrelationshigonsiderations

| FurtherResilience model enhancements (including details of the support fofr TITBLB032]

7.5 Future Core Model work areas

Potential future areas of work in tiereModelinclude, not in any particular order:
T Policy Model

T Embeddedommunication channeECC) subset

T EnsuranceModule

| ManagementControl Components

A Development of the&€ontrdler model[including NE,NetworkControlDomain NCD),
Controller componentyetwork cae contro]

T Profiles, Templates an@pecifications
A Completion of spec model and addition of profiles model in the spec context
A Further development of constraint models (also covering policy)
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Signaling

A Developing models for sigriag in the context of ECC and protection
Operation, administratiomd maintenancedAM) functions

A Generalization of OAM functions, e.g., generalized MEPs
Ensurance

A Modeling of events and tlirereporting

Dependency graph representation of telecommunications technology (including flow
semantics)

A For expression ofletailed processes of a telecommunications technology to enable
interpretation of a new technology

Resilience

A Vvalidation of the protection model for support [6fU-T G.8033 and for other ring
schemes not yet covered

A Development of protectioscheme specifications and generalization of these to deal with
any network structure specification

A Add details from resilience spreadsheet to the documentation (and model comments
where appropriate)

Timing andSynchronization model (frequency and tiplease)

A Construction and development of a model of synchronization based on the FC and LTP
derived from work in ITUT

PhysicalEquipmentModule

Completion of the equipment model
Expectation 8. actual

Attribute details

Rationalize attributgroupings

Look for source for physical properties

Separate out functional work into other work areas (ProcessingConstruct and OAM
functions)

Separate outlanagemen€Control parts intdlanagemen€ontrol model

Refine and move specification model @lefrom the Physical model document tihe
Specification model documelifand move model as appropriate)

Specification
Complete pattern and migrate model to use pattern
Develop class based rule mechanism and consider more fluid approach to Core model

To o Do Do Io Do Do Ix

Provide further examples of usage
Develop detailed rules

Refine model to deal with rule interaction
Consider FD/FC spec convergence

3 FD ports would be necessabut these have essentially been subsumed by the LTP
(this relates to the general compongygtem pattern)

A When dealing wittCompoundLinks, consideation ofwhether rules are necessary for
Link is required(the same structure will appliput an additioal association from Link
to FD will be necessary)

To To To To To I
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Development of a specification toolkit including standardized rules and structures
DSGL (Domain Specific Graphical Languatgeease spec construction)
Model vs. specification:

3 Implication of the wok so far is that the specification structure is the model structure
and that the schema for any particular case has some parts of the structure in compile
time form and other parts in rdime only form where the rutime form may have
static parts onlyn the spec form

3 Is areplication of the model structureformal model but that formal model should
be decoupled at various points and extensible in a constrained way at various points

3 Considerations of "model viscositfdll models are fluid over see timeframe)
A Dealing with LTP and LP formal sedtructuring challenge

3 Related to the previous bulkghould the LP sub structuring of the spec model be part
of the LP model

A Migration of operations from nespec to spec
3 Continuum of usagapproaches from "phrase book user" to "orator"
| General processing construct model (and the component spatéem)

A Developing the model of the recursion of function abstractions from the base equipment
through functional protection to the supportofd-TPs etc.

) Patterns and architectures

A Construction of models that explore the pattern underlying Link/F@ifdDminimally
represent that pattern and show derivatibhink/FC/FD from that pattern

| Link andTopology
A Various detailed enhancemeirisluding considerations of merging of FC and Link
A Further clarification of ofinetwork "things" (could be a link topology)
A Serial compound link

| View abstraction

A Enhancements to view abstraction examples and cases, including FD view, FC view, Call
view, Service view, Connection view

A Further work on rules for virtualization (e.@hat from one view can be grouped in the
same link from another view)

| Mapping to other models
A Enhancements to the mapping to OpenFlow
A Development of mappings to IETmodels

T Interface patterns

A Completion of the generalized operations pattern covexirange of cases including
intend anctreate read update dele@RUD)

T Support for specific interface development
A Transport application programming interfadé\Pl)
A Intent model
| Tooling
A Enhancemertb UML YANG to coverSpecification models
A Enhancements to pruning and refactoring process and tooling

To To I
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| Minor enhancements

A Rename the LayerProtocol class
T Documentation

A Ongoing improvements

8 UML model Papyrusfiles

ThelTU-T G.7711Y.1702model is contained in a repositomebsite. The following links provide
the pointers to thETU-T G.7711Y.1702UML model files and supporting materials

| G.7711V2.00_PAP.zip

This contains théeenITU-T G.7711Y.1702model files
.project
CoreModel.di
CoreModel.notation
CoreModel.uml
Experimental.profile.di
Experimental.profile.notation
Experimental.profile.uml
OpenModel_Profile.profile.di
OpenModel_Profile.profile.notation
OpenModel_Profile.profile.uml

T G.7711 v2.00_DD.zip
This is the data dictionarySee Appendix Il.

The OpenModelProfilelefines the UML model meta construcie( basic building blocks, such
class, attribute, association, etc.) to bsed to build information models. Using the same
OpenModelProfile is essential stegfore achieving common IM.

NOTET The ITU-T G.7711/Y.1702 UML information models and the Open Model Profile are specified using
the Papyrus open source modelling tool. In order to view and further extend or modify the information model,
the user needs tostall the open source Eclipse software and the Papyrus tool, which is availalieiii$le
Papyrus]. The installation guide for Eclipse and Papyrus can be foun®NFbrR515.

To o To o To To o I I» To
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Annex A

Modelling principles and guidelines and tooling
(Thisannex forms an integral part of this Recommendagtion

The following modelling principles related to encapsulation have been followed in the development
of theCoreModel

| If the positional bounds of two related concept instances are coincident foeitied
lifecycle, then they may be merged into a single entity instance representing the composite
concept and hence share an identigéx

T If the positional bound of one concept instance is a subset of the positional bound of another
concept to whicht is related for its entire lifecycle and where that larger concept can be
considered as a domimadefinition, then it may be subsumed into the entity representing the
larger concept and hence be identified as part of the entity for that larger concept in terms of
attributes of that larger concept

| If the positional bounds of several instances of a conceptllasabsets of the positional
bound of another concefi which they are related for their entire lifecycle and where that
larger concept can be considered as a damhuhefinition, then they may be subsumed into
the entity via a composition relationship

T If a concept instance that bridges two other concept instances (of the same or different types)
is, in the particular case, devoid of anything but identity then it may be represented simply
by associations between the entities representing the two otihsgpt instances
A The associations may be two way navigable or one way navigable depending upon the

original associations

| If a concept instance that is a leaf is devoid of anything but idethtéy it may be omitted

Several guideline documents haleen constructed in the open source community to maintain
consistency in the models generaath the ains of acommon modelling approach a@dM in the
industry. These guidelines are availablga©SSDNEAGLE, 2017 and have also been published
by the Open Networking FoundatiorONF). The ITU-T G.7711Y.1702 core modelhas been
developed through close collaboration with ONF following these guidelines.

A.l UML modelling guidelines

[b-ONF TR514]: The CIM is expressed in a formal language called UML. Uhdls a number of
basic model elements, called UML eleicts. In order tersure consistent modelg, only a subset
of the UML artfacts is used in the development of the CIM. The selected subset of Udfctrris
documented.

A.2 Papyrus and Github guidelines

[b-ONF TR515] establiskesguidelines for tilizing the Papyrus tool used in the development of the
CIM. [b-ONF TR-515] also describes how the CIM moliey teams can cooperate in the GitHub
environment for separate and coordinated development Gfikhdragments.
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Annex B

Forwarding and Termination model
(This annex forms an integral part of this Recommendation.)

The focus othis annexs the key parts ahe Core NetworkModel of the CIM. TheCore Network
Modelcovers the essentials for modelling of thetwork providing all of the key classes.

The CoreNetworkModel encompasses all aspect3 efmination and~orwarding The focus of this
annex isas follows.

T TerminationSubset of theCore Network Model Coversthe modeling of the processing of
transport characteristic information, such as termination, adaptatt@AM

A Note that technology specific details are covered in the
ForwardingTechnologyModelFragments package of the CIM (this aspect is not in the
scope of thiRecommendation

T ForwardingSubset of theCore Network Model Covers the details dbrwarding entities
including:

A TheBasic Forwarding
A The FCSpecification

The Core Network Modeblso encompasses a number of other areas which are covered in detail in
therelevantannexs:

| LayeredTopology: Covers thenodeling of network topology information idetaik and
describes the attributes relevant when working witliti-layered network topology

T Protection: Covers the modielg of switches and configuration/switch control

Figures contained in this annex are also provided in the electronic attacbhnmesmRecommendation
and can be downloaded fraiis repository

B.1 Forwarding and Termination Model detail

The Forwarding andlrermination model is at the heart of tGere Model of the CIM.Figure B.1-1
illustratesthe structure of the model. Further structure related to other aspects of the model is provided
in other annexes (especially in Annexes D andHijure B.11 highlights key interrelationships
between key object classes definedhaeCore Network Modebf the Core Model The classes are
coloured toidentify key groupings in the model. The colours are chosen to match the key entity
colours in the diagram symbol disted in Figure5-2. This colour scheme for class diagrams is used

in some of the later figures.

The model inFigure B.1-1 provides the basic structure for the information represented over an
interface. When applying the information model to a specific interfanly a subset of the overall
information model may be needed. Depending on the scope of the interface, pruning of the
information model may be necessary, such as excluding a wlsk al part of alass. In addition,
refactoring of selected model efeicts may be necessary to meet spegitigppose needs. However,
refactoring of the model afacts should not add semantics beyond those defined in the information
model. ThePruning andRefactoringmethod is described itt{ONF TR-513].

4 The information described in this annex canuled, for example, fgpath computation and to provide
views of network capacity/capability with information maintained in a topology database.
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Figure B.1-17 Skeleton class diagram of key object classes

24 Rec. ITU-T G.7711/Y.1702 (12/2016)



It should be noted that the classes SdnController, NetworkControlDomain and NdtmnoekE are
being reassessed and will be rembztein the nexedition

Figure B.1-2 provides more detailhighlighting peer and interlayer associations between LTPs.
FiguresB.2-5 to B.2-12 explain the uses of the associations using simple pattern examples.
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«Preffninary»
SdnConfrolerHasNeds

, OpenhodelClass 1 |
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12
1
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Source Papyru€oreModel diagram: ForwardidgpinterLayeSkeletonOverview
Figure B.1-21 Skeletonclass diagramof key object classes showing layering

Details of FC td.ink layering and other FC, Link and FD considerations are providadnex D

Note that not all attributes are shown for the classes below. Only those attributes that are relevant for
this Recommendatioare shown.

5 The NE scope of the direct interface from an SDN controller to an NE in the infrastructure layer is similar
to the element managemeaystemto-network element (EM$0-NE) management interface defined in the
information models [ITUT G.874.1] (OTN), [ITUT G.8052] (Ethernet) and [ITT G.8152] (MPLSTP).
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B.1.1 Termination

B.1.1.1 LogicalTerminationPoint
Qualified NameCoreModel::CoreNetworkModel::ObjectClasses::LogicalTerminationPoint

The LTP class encapsulates the termination and adaptation functions of one or more transport layers
represented by instances of LayerProtocol. 8ineapsulatettansport layers have a sitegixed 1:1

clienti server relationship defined by associatemd ordering. The structure of LTP supports all
transport protocols including circuit and packet forms.

Inherits properties from:
T GlobalClass

See Table BAIL.

Table B.1-171 Attributes for Log icalTerminationPoint

Attribute name Lifecycle stereotype Description
(empty = Mature)

physicalPortReferenc| Preliminary One or more text labels for the unmodelled physical port
associated with the LTP. In many cagbsre is no
associated physical port

ItpDirection The overd directionality of the LTP.

T A BIDIRECTIONAL LTP must have at least some LPs
that are BIDIRECTIONAL but may also hawome SINK or
SOURCE LPs.

T A SINK LTP can only contain SINK LPs

T A SOURCE LTP can only contain SOURCE LPs

_serverLtp References contained LTPs representing servers of this
in an inverse multiplexindMP) configuration[e.g, virtual
concatenation(CAT)]

_clientLtp References contained LTPs representing client traffic of {

LTP for normal cases of ntiplexing

_p Ordered list of LayerProtocols that this LTP is comprised
where the first entry in the list is the lowest server layer
(e.g, physical)

_connectedLtp Applicable in a simple context where two LTPs are
associated via a neadjustableenabled forwarding. Reduce
clutter removing the need for two additional LTPs and an
with a pair of FcPorts

_peerlLtp References contadimy LTPs representing the reversal of
orientation of flow where tav LTPs are associated via a
nonadjustable enablddrwarding and where the reference
LTP isfully dependent on thetherLTP

_ItpSpec Experimental The specification of the LTP definés internal structure.
The specification allows interpretationafyaniationof LPs
making up the LTP and also iddigs which nterLTP
associations are valid

_ItpInOtherView Preliminary References one or more LTPs in other views that represe
this LTP.The referencing LTP is tharoviderof capability
_port Experimental See referenced class

An explanation of thetructure and usage of the specification referenced by " ItpSpec" is provided
in Annex G Rules for forming and interrelating LTP instances are providethuseB.2.2.
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B.1.1.2 LayerProtocol (LP)
Qualified Name: CoreModel::CoreNetworkModel::ObjectClastagerProtocol

The projection of an LTP into eatfansport layer is represented by a LayerProtocol (LP) instance.
LayerProtocol instances can be udedcontrol terminationand monitoring functionality An
instancecan also be usetb control the adaptain (.e., encapsulation or multiplexing of client
signal), tandem connection monitoring, traffic conditioning or shaping functionality at an
intermediate point along a connectidthere the clieritserver relationship is fixedt 1:1 andis
immutable the layers can be encapsulated in a single LTP instance. Whezéestlren: 1 relationship
between client and server, the layers must be split over two separate instances of LTP.

Inherits properties from:

T LocalClass
See Table B-R.
Table B.1-271 Attributes for LayerProtocol
Attribute name Lifecycle stereotype Description
(empty = Mature)
layerProtocolName Indicates the specific layeprotocol described by the
LayerProtocol entity
_IpSpec Experimental The LpSpec identifies the intedrgtructue of the LP
explaining internal flexibilities, degree of terminatior
and degree of adaptation on both client and server
IpDirection Preliminary The oveall directionality of the LP.
i A BIDIRECTIONAL LP will have some SINK or
SOURCE flows
i A SINK LP can only contain elements with SINK
flows or CONTRA_DIRECTION_SOURCE flows
I A SOURCE LP can only contain SOURCE flows ¢
CONTRA_DIRECTION_SINK flows
terminationState Experimental Indicates whether the layer is terminated and if so h

Transprt layerprotocob specific properties (such as technology specific termination and adaptation
properties) are not modetl directly in LayerTermination. These attributes are defined in specifications
(seeAnnex G that are used to augment the model. Whetechnology specific termination has a
complex structuring of internal parts, these parts will be nhediél the specification

B.1.2 Forwarding

B.1.2.1 ForwardingDomain
Qualified Name: CoreModel::CoreNetworkModel::ObjectClasses::ForwardingDomain

The ForwardingDomain (FD) class models the topological comporteat represents the
opportunity to enable forwarding (of specific transport characteristic information at one or more
protocol layers) between points represented by the LTP in the model. TheédD miovides the
context forand constrainshe formation, adjustment and removal of F@sd hence offers the
potential to enable forwarding. The LTPs available are those defined at the boundary of the FD.
At a lower level of recursion, an FEould represent fabric (switch matrix)in an NE. An NE

can encompass more than one switch matrix and hence more than ohkefHD representing

a switch matrix can be further partitioned. The FD correspon@sdobnetworkITU-T G.80Q,

6 The specific transport technology characteristic information (see TIT3J805).
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FlowDomain[b-TMF MTOSI] and a MultiLayerSubnetwork (MLSNpfTMF MTOSI]. As in the
TMF concept of MLSNand unlike the ITUT concept of subnetworknodel the FD can syport
more tha one layemrotocol.

Inherits properties from:
T GlobalClass

T ForwardingEntity
See Tablé3.1-3.

Table B.1-31 Attributes for ForwardingDomain

Attribute name Lifecycle stereotype Description
(empty = Mature)

layerProtocolNameList One or more protocol layers at which the FD
represents the opportunity to enable forwarding
between LTBthat bound it

_lowerLevelFd The FD class supports a recursive aggregation
relationship
(HigherLevelFdEncompassesLowerLevelFds) suc
that the internal construction of an FD can be
exposed as multiple lower level FDs and associat
Links (partitioning). he aggregated FDs and Links
form an interconnected topology that provides anc
describes the capability of the aggregating FD. Ng
that the model actually represents aggregation of
lower level FDs into higher level FDs as views ratt
than FD patrtition, ath supports multiple views.
Aggregation allow reallocation of capacity from
lower level FDs to different higher level F&s if
the network is reorganizdds the associatian
aggregation not composition)

_fc An FDaggregatesne or more FCs. haggregated
FC connects LTPs that bound the FD

_ltp An instance of FD is associated with zero or more
LTP objectsThe LTPs that bound the Rdovide
capacity for forwarding

_lowerLevelLink The FD encompasses Links that interconnect lowsg
level FDs anatollect links that are wholly within the
bounds of the FD. See also _lowerLevelFd

B.1.2.2 ForwardingConstruct (FC)
Qualified Name: CoreModel::CoreNetworkModel::ObjectClasses::ForwardingConstruct

The ForwardingConstruct (FC) class models enabled potential for forwarding between two or more
LTPs at a particular specific layerProtocol. Like the LTP the FC supports any transport protocol
including all circuit and packet forms. It is used to effecivBnding of transport characteristic
(layerprotocol) information. An FC can be in only one FD. The ForwardingConstruct is a Forwarding
entity. At a low level of the recursion, a FC represents a-a@ssection(XC) within an NE. It may

also represent #agment of a XC under certain circumstances. The FC object can be used to
represent many different structures including ptarpoint (P2P), pointo-multipoint (P2MP),
rootedmultipoint (RMP) and multipoinrto-multipoint (MP2MP) bridge and selector wsttures for

linear, ring or mesh protection schemes.
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Inherits properties from:
T GlobalClass

T ForwardingEntity
See Table B-4.

Table B.1-471 Attributes for ForwardingConstruct

Attribute name Lifecycle stereotype Description
(empty = Mature)

layerProtocolName The layerProtocol at which the FC enaliles
potential for forwarding

_lowerLevelFc An FC object supports a recursive aggregation
relationship such that the internal construction of &
FC can be exposed as multiple lower level FCaibj
(partitioning). Aggregation is used as for the FD to
allow changes in hierarchizC aggregation reflects
FD aggregationThe FC represents@oss
Conrectionin an NE. TheCrossConnectiorin an

NE is not necessarily tHewest level of FC
partitioning

_fcPort The association of the FC to LTPs is made via
FcPorts (ssentially the ports of the FC)

_fcSpec Preliminary References the specification that describes the
capability and internal structure of the FC (gtige
arrangement of switches foiparticular instance is
described by a referenced FcSpec). The specifica
allows interpretation of FcPort role and switch
configurationsetc.

forwardingDirection The directionality of the ForwardingConstrulst.
applicable to simpl&orwardingConstructs where al
FcPorts are BIDIRECTIONAL (the
ForwardingConstruct will be BIDIRECTIONAL) or
UNIDIRECTIONAL (the ForwardingConstruct will
be UNIDIRECTIONAL).Is not present in more
compkx cases

B.1.2.3 FcPort
Qualified Name: CoreModel::CeNetworkModel::ObjectClasses::FcPort

The association of the FC to LTPs is made via FcPorts. The FcPort class models the access to the FC
function. The traffic forwarding between the associated FcPorts of the FC depends upon the type of
FC and may be assated with FcSwitch object instancds. cases where there is resilientee

FcPort may convey the resilience role of the access to theltF€an represent a protected
(resilient/reliable) point or a protecting (unreliable working or protection) poirg.Fort replaces

the Protection Unit of a traditional protection moddie ForwadingConstruct can be considered as

a component and the FcPort as a Port on that component

Inherits properties from:
T LocalClass

See Table B-b.

Rec. ITU-T G.7711/Y.1702 (12/2016) 29



Table B.1-571 Attributes for FcPort

Attribute name Lifecycle stereotype Description
(empty = Mature)

_ltp The FcPort may be associated with more than one L]
when the FcPort is bidirectional and the LTPs are
unidirectional. Multiple Ltg' Bidirectional FcPort to
two Uni Ltps Zero Ltd BreakBeforeMake transitioin
Planned Ltp not yet in pla¢eOff-network LTP
referenced through other mechanism

role Each FcPort of the FC has a role (e.g., working,
protection, protected, symmetric, huppke, leaf, root)
in the context of the F@ith respect to the FC function

fcPortDirection The orientatio of defined flow at the FcPort

B.1.2.4 Link
Qualified Name: CoreModel::CoreNetworkModel::ObjectClasses::Link

The Link class models effectivadjacency between two or more ForwardingDomainss\HD its

basic form (i.e., pointo-point Link) it associates a set of LTP clients on one FD with an equivalent
set of LTP clients on another FDke the FC, the Link has ports (LinkPort) which takessotelevant

to the constraints on flows offered by the Link (e.g., Root role or leaf role for a Link that has a
corstrained Tree configuration).

Inherits properties from:
T GlobalClass

T ForwardingEntity
See Table B-b.

Table B.1-6 T Attributes for Link

Lifecycle stereotype

Attribute name (empty = Mature)

Description

layerProtocolName The Link can support multiple transport layer protocolg
via the associated LTP objeEbr implementation
optimization, where appropriate, multiple layggrecific
links can be merged and represented as a single Link
instance as the Link can represent a list of layer protoc
A link may support different layer protocols at each Po
when it is a transitional link

_fd The Link associates with two or more FD&is
assod@tion provides a direct summarization of the
association via LinkPort and LTP

_linkPort The association of the Link to LTPs is made via LinkP
(esentially the ports of the Link)
_lowerLevelLink Experimental A Link maybeformed from subordinate links (simil&r

FD formations from subordate FDs). This association i
intended to cover concepts such as serial compound |

linkDirection The directionality of the Linkls applicable to simple
Links where all LinkPorts arBIDIRECTIONAL (the
Link will be BIDIRECTIONAL) or UNIDIRECTIONAL
(the Link will be UNIDIRECTIONAL).Is nd present in
more complex cases

_fdRuleSet The rules related to a Link
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| At this point the model supports point to point links fully

A The modehllows multipoint, but anything above 2 (i.e., 3..*) is preliminary
T A Link may offer parameters such as capacity and delay\iseex D)

A These parameters depend on the type of technology that suppdariiskthe

B.1.2.5 LinkPort

Qualified Name: CoreMaal::CoreNetworkModel::ObjectClasses::LinkPort

The association of the Link to LTPs is made via LinkPort. The LinkPort class models the access to
the Link function.The traffic forwarding between the associated LinkPorts of the Link depends upon
the type olLink. In cases where there is resilienite LinkPort may convey the resilience role of the
access to the LinkThe Link can be considered as a component and the LinkPort as a Port on that

component

Inherits properties from:

) LocalClass
See Table B-T.

Table B.1-771 Attributes for LinkPort

Attribute name

Lifecycle stereotype
(empty = Mature)

Description

_Itp

The LinkPort may be associated with more than one
when the LinkPort is bidirectional and the LTPs are
unidirectional. Multiple Ltp" Bidirectional LinkPort to
two Uni Ltps Zero Ltd BreakBeforeMake transitioin
Planned Ltp not yet in plageOff-network LTP
referenced through other mechanism

role

Each LinkPort of the Link has a role (e.g., symmetric,
hub, spoke, leaf, rooth the @ntext of the Link with
respect to the Link function

offNetworkAddress

Experimental

A freeform opportunity to express a reference for a P
of the Link that is not visible and hence is outside the
scope of the control domain (effetwork). This attribute
is expected to convey a foreign identifier/name/addre
or a shared reference for some gjghn point at the
boundary between two administrative domains. This i
reference shared between the parties either side of th
network boundaryThe assumption ighat the provider
knows the mapping between network port and
offNetworkAddress and the client knows the mapping
between the client port and the offNetworkAddress af
that the offNetworkAddress references some commo
point or pool of pointsit may represat some physical
location where the haraff takes placeThis attribute is
used when an LTP cannot be referenced. A Link with
off-network endcannot be encompassed by an FD

linkPortDirection

The orientatiorof defined flow at the LinkPort

B.1.3 NetworkElement, NetworkControlDomain and SdnController

T These three classes offer a rudimentary controller model that does require some

advancement.
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B.2

The NE concept is well known in the industry and it is normal practice to represent it as in
this model.However there appear to be a number of potential issues with this traditional
representation. These potential issues will be explored in a fediitren and there may be
changes made to this entity. Because of the familiarity it has NOT been marleuinargl

There is work underway to improve the model in this area including development of a model
for controller continuum and dismantling the NE into coherent psetiause?.5).

Explanatory figures

FiguresB.2-3 to B.2-20 illustrate the application of the model to various network scenarias. Th

clausecovers both forwarding and termination. The forwarding views are relatively lightweight.
More sophisticated forwarding views are providedimex D and Annex E

For akeyto the symbol set used FiguresB.2-3 to B.220, seeFigure5-2.
B.2.1 Forwarding

B.2.1.1 Basicforwarding

The basic forwarding model, described in previdasisas, offers the capability to enable constrained
forwarding between LTP&igureB.2-1 provides a basic nodal view.

«OpenModelClass»
& ForwardingDomain

0.1
' ‘\‘ S ~ FdContainsFes
+ _lipRefList yy * | \\‘ \“ \\\ + feRefList W «
a‘2 FcPortConnectedToLtp — 2‘* FcHasFcPorts ]‘ Rt

«StrictComposites»

CoreModel Diagram
Forwarding-ConnectivityFragment

G.7711-Y.1702(16)_FB.2-1

Figure B.2-17 Forwarding fragment in a nodal view

Figure B.2-1 illustrates the ForwardingConstruct (FC) in the context of two LTH& FC defines

the enabled constrained forwarding between the LTH3dureB.2-1it is point to point) The FcPort

of the FC is shown within the FC, emphasizing the strict wpale relationship and lifecycle
dependency of the FcPort on the FC. The FcPorts are effectively FC component ports. The FC shown
has two FcPort$ut the modehllows for two or more FcPorts [2.,Where in some cases the FcPort

explained inAnnex E

could be selected as a source or destination for switching. The protection switching capability is

The [0..2] multiplicity of _ltpRefList (at the end of the assticin 'FcPortConnectedToLtpallows
for a bidirectional FcPort to associate with two unidirectional LTPs.
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B.2.1.2 Forwarding the Topology

The FC defining thereble constrained forwarding betwesiset ofL TPs can be considered in the
context of a networkopology offering capacity.

FigureB.2-2 shows a network for a singlé® in terms of the basic topology of FDs, Links and LTPs
(grey) that provide capability and capacity for tieand the signal forwarding using FCs (X, Y and
Z) and LTPs (green) enabgnnformation flow for the_P.
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Figure B.2-21 Forwarding in a single layer

Clause B.2.2leals with LTP layering considered in the context of IgirfgDs. More sophisticated
multi-layer multtFD and multiview considerations are covered in detailimex D.

B.2.2 Termination

In some figuresthe LP is depicted with a view of the internal detdtgure B.2-3 shows the cases
illustrated inthefigures. In a realizatigrihe LP detail structure would be expressed by a specification
as described iAnnex G
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Key to encapsulated
structure in LP

@ Encapsulated FC

Q_O Adjustable encapsulated FC

@ Fixed encapsulated FC

? CP (port) [Is ITU-T G.805 CP]

Full layer, fixed

Can be associated with FC

, TCP(port) [Is ITU-T G805 TCP]

@ AP [Is ITU-T G.805 AP]

Full layer, flexible (with

optional exposed CP)
Association to another LP (may be inter LTP)

1— NOTE - If not shown at the top of an LTP means the LTP
does not expose signal, e.g., monitor TP

I
Exposed CP i ™ Peer CP
bes==p=—-- I

' |
! i Dual CP pool (encapsulating zero length link)
I — 7

Exposed TCP Rt !

Exposed CP with layer content rearranger

o} H . <
(note this has n encapsulated sub-layer CPs)

Adapter (with pool) L _;;" ____________ |

Pool

Concatenating adapter i? E Concatenating adapter (alternative)
————————— 1 T
1 : : !
i i Concatenatable exposed TCP ' E Concatenatable exposed TCP (alternative)

I 1

1 i g : G.7711-Y.1702(16)_FB.2-3

Figure B.2-37 LP cases

The relationship between some of the entities in the CIM and other familiar models are shown in
Figure B.2-4, whichalso provides a key to some additional symbols. Further mappings are provided
in Appendix L.
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Layered Per-layer detail

parameter list captured in LT
Rationalized | used to capture entities |
Expanded representation ITU-T | per-layer detail TMF I Core model
ITU-T G.805 (ITU-T G.805/
representation  ITU-T G.800 terms | |
' ) | / @\ LR ]
(> TPE LTP
ﬁ?—l I T'_‘_l";'_‘ n I m
————— e SRS - e e B - e e
t,r,J
N Y !
I b |
--L-
ITU : v I
Semi-flexible TP ! r"l:; @/ TPE I LP 4| LTP
X~ SNC/FR O | P |
I L |
)
mu| | % T™F |
CTP I @ CTP |
——————— n n
_____ T _I_—_"-_—u-'..‘_—_______[__.r________
\._.r_/
e '
I L I
A4 |
A
4
Fixed | '4'3\ |
(degenerate) | Yo @v\ | LP ||
SNC/FR (] | I |
I
Ny
| o TPE || LTP
1] et |
_____ _l__'\__r_/-'-__—_ RN T — — — .
| :‘f) | 14
e (Lr) || L
| N |
' TMF
| > PTP |
LR w I |
ITU-T | LT = Layer termination |
TTP/CTP I TPE = Termination point encapsulation I
CP = connection point CTP = connection termination point
AP = access point PTP = physical termination point
TCP = termination connection point LT = layer termination
TTP = trail termination point TPE = termination point encapsulation
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Figure B.2-47 Mapping from ITU -T and TM Forum Termination models to the Core

Figure B.2-5 illustrates a number of LTPgpurple, grey and green) representing the layering
associated with physical ports (purple), their connectable clients (green) and floatinggtdys (

The rightnostboxesshow the relationship between the LTP and the LP in terms of a detailed symbol
derived from work bythe TM Forum and ITUT (seeFigureB.2-4).8 An LP instance represents all
aspects of termination of a single layeotocol. An LTP is composed of 1 or more LPs, where the
LPs represent the stack of terminations relevant to the LTP as depicted in the pictorial view. A
termination stack may spread across several LTPs. The reason for this split includes multiplicity,
connection flexibity and flow orientation transition&eealsothe pictorial convention ikigure5.2).

7 It should be noted that in this and future editions the terms ForwardingDomain (FD) and
ForwardingConstruct (FC) are used in place of SubnetworkConnection (SNC) and SubNetwork (SN),
respectively (used in the earlier versions of the ONF informatioretpod

8 The work has been coordinated by the TM Forum and related teTIGLB05].
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Examples of LTPs (using Port with various More precise view of port

LtpIncludesLayerProtocols

figures consistent with layers and flexibilities
those used in TM forum modelled as LTPs =
for PTP, CTP and FTP) (and shown as TM 3
forum PTPs and CTPs) k \\\
m i \\\ CoreModel Diagram
5 i \\\ LtpAndLp
1 N\
L «OpenModelClass»
i ‘*\\ \ = ngiec;ll\%gniiﬁla?i;n%im
i 0 LTP
? \_/ ; i
1
\/ ' 1

Bl B

I

I

| /

] / 1% + 7lpLis ique}

! /

: \K «OpenModelClass»

! / £ LayerProtocol

|

1

J / LP

1 /

| /

! B

|

* L. | .

A List order conveys order

--------- of LPs in the LTP where
the first in the list is the
lowest server layer

e i i Tt

Will use this representation
to highlight the LTP/LP
associations

i

G.7711-Y.1702(16)_FB.2-5

Figure B.2-57 Representations of LTPs

In the model:

[ The flow of signal through the aspects of the LP showhRignire B.2-5 is not currently
formally represented

A The LTP specification work (seknnex Q, which is currently experimentgprovides
the basis for formal representation iruaufeedition

T The flow between LPs within an LTP is represented via list order (see theimote
FigureB.2-5)

T The flow between LPs in different LTPs in a hierarchy is represented by the specific LTP
relationship (see Figu.2-7) and the corresponding LP list order in the LTP

A In FigureB.2-5, the Sink signal flowing from the top of the upper LP of the purpléL
(i.e., the last entry in the LP list of that LTP) passes to the bottom of the LP in the
associated green LTP

There are a number of different cases of ltfi&are depicted ifrigure B.2-6.

9 See clause B.2.3.

36 Rec. ITU-T G.7711/Y.1702 (12/2016)



LTP with server access via physical port and the lowest
identified layer-protocol allows access to the physical
media. Provides a naming context for associated LTPs.
[AIl TM Forum PTP cases]

Seel -7 Physical (has associated physical port)

LTP with no direct access via
physical port that can exist
alone with no other LTP
(floating/virtual). Provides a
naming context for associated
LTPs.

[All TM Forum FTP cases]

Diagrams essentially show
minimum LTP versions.
White zig-zag cut shows
multi-layer-protocol
opportunities where all
additional inserted layer-
protocols must be "full layer

fixed" and must have a
multiplicity of 1..1 to next
layer-protocol

Dependent (on existence of another LTP)

o= LTP with server bound to another

] LTP client. Can use naming context
J of bound LTP server. Can provide
I

I

naming context to bound LTP client
< _;;; ____________ ! [Subset of TM Forum CTP cases]

LTP with client bound to another LTP LTP with client bound to another
client. Can use naming context of LTP server. Can use naming context

T 1
I
bound LTP client. Does NOT provide i ] of bound LTP server. Does NOT
g .
I
1

naming context. provide naming context
[a TM Forum CTP cases] ~  |L----Z---- [a TM Forum CTP cases]
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Figure B.2-67 LTP cases

Figure B.2-7 shows a number of LTPs (purple and green) representing the layering associated with
physical ports (purple) and their connectable clients (green) as descriteasien B.2. 1FigureB.2-7

shows in more detail the partitioning of the layer stack betw@&&sLSeveral different relationships

are available for use at the split. The choice depends tparrientation of traffic flow.

Consider the left most LTP pair in the pictorial form and a signal entering the bottom of the purple
LTP (at a physical portl'he signal would be dmultiplexed up to the top of the purple LTP and then
re-multiplexed as it travels down the green LTP. The association between the two is essentially a
degenerate poirib-point FC. The LTPs are split because of the change in floventation
(multiplexing orientation). The association supporting this relationship is shown in the UML diagram
in FigureB.2-7.
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NOTE - The LtpHasClientLtps association links

~--5 the LTPs but as the figure illustrates the actual
:% . ~N trz‘lfﬁc relati(mship is betyveen specific functionality
_____ = =S ; of the top LP (i.e., the client adapter) of the LTP

that has the clients and specific functionality of
the bottom LP (i.e., the adapter to the server)
\ of the client LTP (where the top and bottom LPs
\ are determined by examining the LP list order).

’
’
.
} ’ H
’
’
’
.

L

1

N \ This association is used for
NN inverse multiplexing
NN (inc VCAT)

A -

“ LtpHasClientLtps ,/”

=
S LtpHasServerLtps

_________ N «OpenModelClass»
. LtpHasPeerLtp 0.1 = LogicalTerminationPoint

coooooooosocooocociEas

n_lT *

--------- CoreModel Diagram
LtpBasicAssociations
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Figure B.2-77 LTP relationships illustrated in a simple network element context

Considering the right most LTPs in the pictorial form and a signal entering the bottom of the purple
LTP (at a physical port), the signal would berdeltiplexed up to the top of the purple LTP and then
further demultiplexed in the client LTPs. The LTPeeasplit because of a change in multiplicity or

the opportunity to connect with an FC. The association supporting this relationship is shown in the
UML diagram inFigure B.2-7.

In Figure B.2-8, the final LTP to LTP association is highlighted. This allows L TPs that are
associated with physical ports without the need for an FC. This is only allowed in a case when the
relationship between the LTPs is such that the whole signal from one LTP must flow to the other with
no flexibility. The association effeotely represents a degenerate FC.
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«OpenModelClass»

& Logical TerminationPoint 0.1

0.1
LtpConnectsToPeerLtp

CoreModel Diagram
LtpPeerAssociation
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Figure B.2-81 LtpConnectsToPeerLtp illustrated in an Amplifier/Regenerator context

Figure B.2-9 shows a standard case of an FC between two LTPs (green) which are clients of LTPs
(purple) where those LTPs support multiplients.
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Figure B.2-97 FC between LTPs

FigureB.2-10shows a standard case of an FC between two LTPs (purple) where there is forwarding
flexibility , but the LTP supports only one signal flow.
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Figure B.2-1017 FC between LTPs supporting only one flow

B.2.3 Directionality

The model supports bidirectional, unidirectional and mixed directionality constFignse B.2-11
shows the directionality attributes and data types.

- forwardingBamain

FdAggregatesltps

LinkP ortTerminatesOnLtps

«Enumeration=
EE] PortDirection

= INPUT
= QUTPUT

= BIDIRECTIONAL

=1 UNIDENTIFIED_OR_UNKNOWN

+ _ltpReflist + _lepRefList

«OpenMaodelClass»
H LogicalTerminationPoint

+ _MtpReflist

~OpenhadelClass-
E ForwardingDomain

5. + ItpDirection: TerminationDirection [1]

L

+ IpList ¥ 1"

LtpIncludesl ayerProtocols

«OpenMaodelClass»
=} LayerProtocol

3 «Preliminarys + [pDirection: TerminationDirection [1]

0.2 FcPortConnectedToltp

FdEncompasseslowerLevelLinks

+ _lowerLevellinkRefjit

FdContainsFcs

~OpenModeiClas:. «OpenMaodelClass»
E LinkPort [+ linkPortList 1 Link
& + linkPortDirection: PortDirection [1] RTETr— 5% + inkDirection: ForwardingDirection [0.1]
2 wStrictCe sits
OpenMiodelClass> + fePortlist OpenModeiClasss
ElFeport FeHafPorts T onstruct B
3 +fcPortDirection: PortDirection [1] | 2." trictC sit: 3 + tion: Fi dingDirect... pe&——

<Enumeration
[= TerminationDirection

= BIDIRECTIONAL
SINK
= SOURCE
= UNDEFINED_OR_UNKNOWN

«Enumerations
«Experimental»

ES] ExtendedTerminationDirection

= CONTRA,_DIRECTION_SINK
E CONTRA_DIRECTION_SOURCE

eEnumerations
(3 ForwardingDirection

= BIDIRECTIONAL

= UNIDIRECTIONAL

=1 UNDEFINED_OR_UNKNOWN

Source Papyru€oreModel diagramorwardingConnectivityFragmentWithLtAndDirection

Figure B.2-117 Model highlighting directionality
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FigureB.2-12illustrateshe meaning of the key direction attributes in the model.

Highlighting change of flow orientation when moving between two LTPs

T Sink (server to client)
| Source (client to server)

== I[nput
mefp- Output

Using input/output does not provide
clarity as there are two inputs and
two outputs. The termination is

‘ |_— essentially a component with two

L bidirectional ports, one top and one
bottom.

To identify the specific point in a port
in the LP both input/output and sink/
source need to be used in combination

G.7711-Y.1702(16)_FB.2-12

Figure B.2-127 Interpreting the direction attributes

Figure B.2-12 showsthe bidirectional LTPs and an FC in an NE context. It should be noted that the
terms Sink and Source are consistent wiitiput and Output at the base of the LTP/LP

but counterintuitive at the top of the LTP/LP (where a Sink outputs signal). Th#isperminology

is aligned to that used in ITD. Sink/Source are defined in terms of "flow orientation” in the layer
stack {.e.,client to server or server to client).

There are a number of legal combinations of bidirectional and unidirectional LTP$Gs
FigureB.2-13 provides an overview.
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[ 4]
[
A

A) This case occurs
when there is a
strong bidirectional
treatment of the LTP
server layers (inc
physical) and the FC
(forwarding) is also

B) This case occurs
when the flow to
the left of the
termination points
diverges and hence
needs to be treated
unidirectionally

90
tlo

L

C) This case most
likely occurs when
the role of the points
in the forwarding
relationship differ
although associated
with the same single

>

i

D) Two unidirectional
FcPorts in the same
FC relate to the same
LTP where FC has
been split due to
some internal
characteristics.

E) This case occurs
when there is a

strong bidirectional
treatment of the server
layers (inc physical)
but the flow diverged
via the forwarding in

F) Two independent
unidirectional flows.

essentially (and is also treated bidirectional flow such a way that there

bidirectional. as unidirectional in from some is no shared fate,
the server including perspective. transaction etc that
physical) but the needs to be managed.
forwarding) is
essentially
bidirectional (to
the right).

Additional key

> Absolute direction of flow at the boundary

O FcPort

«—— FcPortConnectedTopLtp association (one LTP per FcPort)
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NOTE - All entities shown are at the same layer-protocol

Figure B.2-1371 Various mixed directionality forms

Figure B.2-14 shows how to relate two unidirectional LTPs to a single FC where the two LTPs are
intended to carry the same traffic. The pattern also applieslirectional LTPs and FCs.

Correct Incorrect

Two LTPs feeding an FC

NOTE 1 — The FC may
support interleaving of
traffic (e.g., for packet)
and not require an explicit
switch

FC output feeding two LTPs

8

. G.7711-Y.1702(16)_FB.2-14
<« FcPortConnectedToLtp association (one LTP per FcPort)

NOTE 2 — LTPs per FcPort applies only in mixed direction cases
NOTE 3 — All entities shown are at the same layer-protocol

Figure B.2-1471 Interrelationship of a pair of unidirectional LTPs and a unidirectional FC

Figure B.2-15 shows how to relate two unidirectional FCs to a single LTP where the two FCs are
intended to carry the same traffiche pattern also applies to bidirectional LTPs and FCs.
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Shows access to FC Overlay form Encapsulated form
One LTP feeding two A /
FCs that have different ’ > ’

remote destinations ;
(or the same remote > }
via different routes) U\

Two FCs feeding one

LTP where the FCs D

have the same remote \ /
sources (only legal if / N
flows switched or D Q—O

interleaved)
NOTE — All entities shown are at the same layer-protocol

T
f

T
—

00

@(‘)
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Figure B.2-157 Interrelationship of a pair of unidirectional FCs and a single LTP

In some network casethe LP encapsulates several terminations functions with the same essential
orientation of fow. Figure B.2-16 shows a case with nantrusive monitoring in an LTP (green). In

that LTP, the two cases of Sink flow are distinguished by recognizing that one is in the normal
orientation (red flow) with respect to standard traffic floe,, the signdpassed from the Server LTP

is further terminated, whereas the other is in amamal orientationi.e., the signal that would be
expected to be encoded by (multiplexett.) by the server LTP is actually terminated (blue going to
brown flow). The nomormal orentation is called ContraSink.
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[ — Sink non-intrusive monitor
- ContraSink non-intrusive monitor

All LTPs/LPs are bidirectional.
Sink (server to client)
In this case the "client LTP"

supports two non-intrusive

monitors
¢ Source (client to server)
T ContraSink

== Input
== Output
(O Half of a bidirectional FcPort
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Figure B.2-161 Contra-directionality showing monitors

The same logic applies to the Source terminations as depickégluire B.2-17 where the LTP has
both nonintrusive monitoring (as ifrigure B.2-16) and thepotential for active test signal injection
in an LTP (green)
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|

Sink (server to client)

Source (client to server)

T
v

ContraSink

N|

ContraSource

== Input
w=p Output
() Half of a bidirectional FcPort

"
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Figure B.2-171 Contra-directionality showing monitors and signal sources

The Client LTP has one LP (which is considered simply as Bidirectiathaf)has four termination
functions (where two are contdirectional). As a consequencthere are four inputs to the
termination functions, distinguished as follows:

Source Input
ContraSourcénput
Sink Input
ContraSinkinput.

It is expected that thieP directly includes the Source and Sink attributes and a composed part of the
LP would include the ContraSource and ContraSink attributes (this is for furthercstudy

In the following examplésee Figure B-A8), there is a deep inspection capability, althotigleak with
two layers of inspection. It is assumed that the forwarding technology is such that the server layer supports
only one client. Although the LTPs are bidirectional, the upper LP of the greeis EURidirectional

10 The measures, etc. for the SINK and CONTRA_DIRECTION_SINK are likely to be the same hence the

46

need to partition the CONTRA_DIRECTION_SINK measure, itin a composed part (to avoid name
clashes).
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Sink. This illustrates one case where an LTP directionality is different from the directionality of an
included LP.

The Client LTP (which is considered simply as Bidirectional) has two termination functions in the
layerprotocol of theFC (where one is contidirectional). As a consequendkere are two inputs to
termination functions. These are distinguished as follows:

T Sink Input
T ContraSinknput

(i

1
N

Sink (server to client)

‘ Source (client to server)

ContraSink

1
=

ContraSource

== [nput
==l Output
() Half of a bidirectional FcPort
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Figure B.2-181 Contra-directionality showing deep inspection
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B.3  Work in progress

Figure B.3-1 shows some constraints on the associations in the model. Further work is being carried
out on how to most appropriately represent constrdtigare B.3-1 also shows some classes related
to other parts of the model covered in other documeets AnnegsD and E.

Source Papyru€oreModel diagram: HighLevelDetall

Figure B.3-17 Classdiagram of all key classes showing attributes and constraints

FigureB.3-1 shows owned attributes of the key classes in the model. Not all classes are shown and
the classes iRigure B3-1 have additional attributes related to associataitisthose classeas well
as some inherited attributes and some experimental attributes.
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