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Recommendation ITUT G.7711/Y.1702

Generic protocokneutral information model for transport resources

Summary

Recommendation ITO G.7711/Y.1702specifies a core information model (IM) of transp
resources. The IM is applicable to the management and control of transport networks regai
whether they utilize traditional operation support system (OSS) management, an autorn
switched ogtal network (ASON) control plane or a softwatefined networking (SDN) controller t
configure transport connectivity. The model is also applicable regardless of the technolog)
underlying transport network. Furthermore, the applicability of thésiMdependent of the ultimai
protocols that will be used in the management and control interfaces.

The 2016 edition of this Recommendation changed the document structure, atieegeaimental
address structure to the foundation model, changed the name of TopologicalEn
ForwardingEntity, incorporated ForwardingConstruct (FC) under ForwardingEntity and consid
as closely related to topology, added the resilience model, added themexuipodel and added tt
specification model.

The 2018 edition of this Recommendation has enhancdoivardingandtermination,foundation,
topology, resilence,equipment andspecification models, added thmntrol, operationspattern,
rocessingconstrict, constraintdomain models, and also updated the model descripgipandces.
ClauseslV.6, "Synchronization management model" and LV:Media management modehave
been remov@from this edition as they arow covered by separate Recommendations

History
Edition Recommendation  Approval Study Group Unique 1D’
1.0 ITU-T G.7711/Y.1702 201508-13 15 11.1002/1000/1256°
2.0 ITU-T G.7711/Y.1702 201612-22 15 11.1002/1000/1309:.
3.0 ITU-T G.7711/Y.1702 201803-16 15 11.1002/1000/1354:
Keywords

Information model, protocateutral, transport resource, UML

To accesshe Recommendationtypethe URL http://handle.itu.intin theaddresdield of yourweb
browser followed by the RecommendationisniquelD. For example http://handle.itu.int/11.1002/1000/
11830en
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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 (ICTEhe ITU 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 witbwato standardizing
telecommunications on a worldwide basis.

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 Recommendatiorikese topics.

The approval of ITUT Recommendations is covered by the procedure laid down in WTSA Resdlution

In some areas of information technology which fall within TW purview, the necessary standards are
prepared on a collaborative basis witldl&nd IEC.

NOTE

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

Compliance with this Recommendation is voluntary. However, the Recodatien may contain certain
mandatory provisions (to ensure, 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 stuicas "must" and the negative equivalents are used to express requirements. The use of
such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility titae practice or implementation of this Recommendation may involve
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 I@tdb@rs or others outside of

the Recommendation development 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 RecommendationeHamplementers are
cautioned that this may not represent the latest information and are therefore strongly urged to consult the TSB
patent database Bttp://www.itu.int/ITU-T/ipr/.

a ITuU 2018

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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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 resourcegin IM
describes the things in a domain 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 transportvoets utilize traditionaloperation 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 regardless of the technology of the underlying transport
network. Furthermore, the applicability of thd is independentf the ultimate protocols that will

be used in the management andtoal interfaces.

The corelM defined in this Recommendation can be usedadsass 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 Exampleinformation model extension

A uniformmanagement/contrgdrotocotneutral coréM for traditional management, ASON conirol
and SDN control will ensure consistemperation, administration, maintenance gmdvisioning
(OAM&P) of the transport network. Thiwill benefit network operators and system/equipment
vendorsby enabling interoperability between SBddntrolled and traditionallynanaged network
domains and future migration from traditional managene®80N control.

Furthermore, it is essential that tivé be applicable 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 sbnetworks at each layer with transitionalks between the
subnetworks.

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

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

The complexity of these NEs makie difficult to distinguish between the MiBodalview and what
is traditionally called the network view. The ctké thus encompasses both nodal and networkwiew
of transport resources.
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2 References

The following ITUT Recommendations and other references contain provisions which, through
reference irthis text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investgptessibility of applying the

most recent edition of the Recommendations and other references listed below. A list of the currently
valid ITU-T Recommendations is regularly published. The reference to a document within this
Recommendation does not giveas a standlone document, the status of a Recommendation.

[ITU-T G694.]
[ITU-T G.78)]

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

[ITU-T G.800]
[ITU-T G.805]
[ITU-T G.808.1]
[ITU-T G.872]

[ITU-T G.874.1]

[ITU-T G.702]
[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]

Recommendation ITI G.694.1(2012, Spectral grids for WDM
applications: DWDM frequency grid

Recommendation ITA G.780/Y.13512010), Terms and definitions for
synchronous digital hierarchy (SDH) networks

Recommendation ITI G.781 (2008)Synchronization layer functions

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

Recommendation IT G.800 (206), Unified functional architecture of
transport networks

Recommendation ITO G.805 (2000)Generic functional architecture of
transport networks

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

RecommendatiofifU-T G.872 (2017)Architecture of optical transport
networks

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

Recommendation IT G.7702(2018), Architecture for SDN control of
transport networks

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

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

Recommendation ITO G.8021/Y.134X2016), Characteristics of Ethernet
transport network equipment functional blocks

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

Recommadation ITUT G.8080/Y.1304Z012),Architecture for the
automatically switched opticaletwork

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

Recommendation ITOJ G.8052Y.1346(2016), Protocolneutral
management information model for the Ethermain§port capable network
element
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[ITU-T G.8152] Recommendation ITI G.8152/Y1375 @016),Protocolneutral
management information model for the MPLIS network element

[ITU-T Q.1741.9 Recommendation ITA Q.1741.9 2015),IMT-2000 references to Release
11 of GSM evolved UMTS core network

[ITU-T X.731] Recommendation ITA X.731 (1992),Information technology Open
Systems Interconnecti®érSystems managemeBtatemanagement
function

[ITU-T X.1036] Recommendation ITI X.1036 @007),Framework forcreation, storage,

distribution and enforcement of policies for network security

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

3 Definitions

3.1 Terms definedelsewhere
This Recommendation uses the following terms defined elsewhere:

3.1.1 access poin{ITU-T G.805]
3.1.2 connection point[ITU-T G.805]

3.1.3 connection termination point[ITU-T G.808]

3.1.4 information model [ITU-T X.1036]

3.1.5 link [ITU-T G.805]

3.16 link connection[ITU-T G.805]

3.1.7 matrix [ITU-T G.805]

3.1.8 port [ITU-T G.805]

3.1.9 subnetwork [ITU-T G.805]

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

3.1.13 trail termination point [ITU-T G.8081]

3.2 Terms defined in this Recommendéion
None

4 Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:
AP Access Point

API Application Programmingnterface
ASON Automatically Switched Optical Network
AVF Agile Value Fabric

BMCA Best Master Clock Algorithm

Rec. ITU-T G.7711/Y.1702 (03/2018) 3



C&SC
CIM
CP
CRUD
CTP
DSGL
DS
ECC
EMS
E-NNI
FC

FD
FDFr
FPGA
FRE
FRU
FTP
GUID
IM

IMP

LP

LT

LTP
MAC
ME
MEP
MFDFr
MPLS-TP
MSPRING
NE
NFRU
OAM
OAM&P
ocCL
oS
0SS
OTN

Configuration and Switch Controller
Common Information Model
Connection Point

Create Read Update Delete
Connection Terminatio Point

Domain Specific Graphical Language
Data Schema

Embedded Communication Channel
Element Management System
External Network to Network Interface
Forwarding Construct

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 TerminatiorPoint

Media Access Control

Maintenance Entity

Maintenance Entitgroup e&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

4 Rec. ITU-T G.7711/Y.1702 (03/2018)



PC Processing Construct

PON Passive Optical Network

PTP PrecisionTime Protocol

Rx Receiver

SASE Stand Alone Synchronization Equipment
SDN SoftwareDefined Networking

SDO Standard®evelopnentOrganization
SNC Sulmetwork Connection

SNP SulnetworkPoint

SSM Synchronization Status Message
TAPI Transport API

TCP Termination Connection Point
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 acrowickare for the name
of the model constructs, such as object class. These names follbmitieel Modeling 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 ManagemenGroup (OMG). It is a generapurpose

1 See [BUUID, 2017].
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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 subset of these artefacts is used in the development of the
ITU-T G.7711Y.1702IM. The selected subset of UML artefacts is documentéahmex A

5.1.1 Note on readingUML diagrams

The UML diagram convention is provided in Annex A. There are some key aspects of tlaendiag
that need to be emphasized

| Association end attrite (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 end 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.
| On some occasions, other properties of the association end attribute are also shown.
In Figure 51, thetextathear r ow head end _ | logcalTesninationPomt(L{TP).i but e

«OpenhodelClasss
= LogicalTerminationPoint

LtpIncludesLayerProtocols

1* +_IpList{ordered, unigque}

«OpenModelClass»
LayerProtocol

Figure 5-17 lllustrating navigable association end attributes

This attribute is shown irthe fragment of abbreviated data dictionary Table 51 for
LogicalTerminationPoin(L TP).

Table 5171 Attributes for LogicalTerminationPoint

Attribute name Lifecycle stereotype Description
(empty = Mature)

_lp Ordered list of LayerProtocols that this LTP
comprised of where the first entry in the list is
lowest server layer (e,gphysical)
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This sort of table is used in each of Recommendati@on a section of the mod&8uch tablesnly
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.

| "preliminary"

Indicates that the entity is at a relatively early stage of development bkelyigo change
but is mature enough to be used in implementation.

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

5.3 Forwarding entity terminology conventions

In this Recommendation, the terfagrwardingDomain(FD) ard ForwardingConstruct(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) object classet@rfaces with dditional
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. The name ends with thestffiPac”.

5.5 Pictorial diagram conventions

This Recommendationincludes 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 also contains a number ofuigih. diagrams, which use the symbdilsted
in Figure 52 in pictorial representations of network examples

EDITORIAL NOTET The UML figures contained in this Recommendation are also available in png lhemaat
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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 dependent on another LTP (TMF CTP and now dependent TPE)

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.805 trail termination and is absorbed into TMF PTP/CTP/FTP/TPE]

Termination connection point (TCP) - absorbed into LTP [Is ITU-T G.805 TCP and is absorbed into TMF PTP/CTP/FTP/TPE]

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

NE [roughly TMF ME]

Protection switch in an FC Two protection switches

FC decomposition (half switch) that are inverse ganged

showing common point in grey

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
Adjustable encapsulated FC FeSwitch showing
! P - common point (black dot)

. - Described in spec only

Fixed encapsulated FC - _selectedFcPortRefList
- Current switch position (red line)
- switchSelects

AP [Is ITU-T G.805 AP] - 1= input to switch selected (shown)

- 0 = output selected

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

In addition, the following symbols and labels are usetthe diagrams related to media:

Rec.
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Se  Signal (clectrical) Attenuator

Sp Signal (photcfmc) Directional attenuator

Pe  Pump (electrical) Sy
: Bidirectional attenuator

Pp  Pump (photonic)

La Laser

Photodiode

Glass

Copper

Silicon etc.

Erbium doped fibre

Phase modulator

Omnidirectional attenuator
Tuneable filter/laser/receiver

Amplification

Lorf s

Filter
Asymmetric attenuating filter

L
-

N

Omni-directional

Unidirectional
Bidirectional

Termination

Bgo=ose=znz

Connector with "transmit" pin

FC with band pass filter

Amplification

Circulator

QQ@

Phase change (or where highlighted "the empty set") G.7711-Y.1702(18)_F5-3

Figure 537 Additi onal media diagram symbol set

6 Model overview

This clauseprovides an overview of theore model of the Commoninformationmodel CIM) and
alsothe structure of the model description documentation.

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

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

Clauses.1 to 611 provide some brief highlights from the associedadexes

6.1 Developmentand use of thelTU-T G.7711Y.1702Genericinformation model

Figure6-1 provides an overview of the CIM and how the purpose speniticmation model M)

views and data schenfRS) are related to it. The term DS in tlRecommendatiois used in the
context of either (1) a specific protocol that is used to implement ageigpecific interface or (2) a
programming language that is used to invoke a purpose specific application programming interface
(API). Guidelines for the use of UML in the CIM, pruning and refactoring the CIM to provide a
purpose specific view, and ultitedy mapping to S will also be provided.

2 The term data schema is usestead of data model, since the term data model is also used in a wider context.
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Common information model

Care model fragment I Interface creation process
* Forwarding subset 1
* Termination subset ] View of the Map DaFa schema Map .lnterface
© geoo Prune/refactor COMMOon for interface 1 instance 1
+ Foundation subset IM for a
particular Interf:

Technology (e.g., OTN M > Interface

gy (e.g ) purpose ap instance 2

Application 1 (e.g., storage)
model

|
|
|
|
|
|
|
|
| | model
|
|
|
|
|
|
|

/ \ \\\\ yd // '\‘
/ \\ >< - ./
Guidelines \ ~. /
\ S

4

Model UML Pap;yru; Common Interface Interface Interface
structure tool an process specific specific specific

GitHub

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

Figure 6-11 Me t h odl iofbrroagion model and data schemadevelopment

6.1.1 Commoninformation model

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

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 mannerythelldie structured into a generic
core model Known by the number of this Recommendation, I'BY-T G.7711/Y.1702 and a
number of models which are specific to the 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 as much independence as possible.

T Genericcore model

The artefacts in the generic eanodel (TU-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 be constructed as a set of snbdels each addressing a specific topic to allow for
easier naigation. This Recommendation is responsible for specifying and maintaining the
generic model.

As a result of advancements in the indusirynay be recogrzied that some parts of the
generic model may need to be augmented or changed. This Recommendiatiasure that

any such areas are clearly identified using lifecycle stereotypes. The older model forms will
be maintained to ensure ongoing compatibility and to ease migration.
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T TechnologyApplicationmodels

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

In some casean artefact in a model initially considered to be purely for a single forwarding
technology or application may be subsequently re@eghias common across several
technologies or applications and hettoere will be a need to migrate (promote) this artefact
to the generic model.

To ersure cohererg any artefacts, attributes or associations that might be identified during the
development of forwarding technology or application models should be indludlee 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 the CIM.

6.1.2 Purposespecificinformation model view

An interfacepurposespecific informatiormodel 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 whilshéstabli

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 purpose specific view should be developed in two steps

| Prune and refactor the artefacts of the @d\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 purpose specific IM.

T Define the access rights for the various groups of users that will ménzgetwork

Pruning and refactoring provides a purpose specific IM that represents the capabilities of the network
of interest. The definition of access rights provides the ability to limit the actions that can be taken by
the various user groups thatlwise that IM. For examplea user group responsible for network
configuration could be provided with full read/write access and the ability to create or delete object
instances; while a user group responsible for inventory may only be allowed readiaecean see

the networkbut cannot make changes).

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

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

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

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

A Where possible reducing the depth of the inheritanee lfy combining object classes
by moving the attributes of the super class into the subclass)
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A Add reverse navigin (if useful forthe 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 added without
any impact on the superior object class. In a purpose specific implementaon
frequently useful to be able to navigate the relationship between superior and
subordinate gect classes in both directians

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

If only one group will use the network specific |Men this step is not required. If more than
one group will use the network specific IMis optional step prodes 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 some or all object instances

6.1.3 Dataschema

A DS is developed in the context of eitlig) 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 possible to map directly from the purpose specific information model to interfaooiren

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 interface protocol specific operations and
notifications. The operations should include datacstires taken directly from the purpose specific
information model view with no further adjustment.

The development of the DS should consider the following:

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

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

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

T The operations shoultbide 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 outcame

T Use of dtribute value ranges, etc. to alldeffort” statement, optionality and negotiation to
be supported by the interface

6.1.4 Interface encoding

This step encodes either the purpose spdafiior a purpose specifid/ into either a specific protocol

that s 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 purpose specific information model
then the interface operations mhetadded as deglmed in claus®.1.3.
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6.2 Core Network modeli Forwarding and termination model

The forwarding andermination document provides a hitgvel overview of theermination and
forwarding aspects of the CoreNetworkModel. This model is essentially a canonical model of
networking from a managemeoontrol perspectiveFigure 62 is a skeleton class diagram
illustrating theinterrelationships betwedswy object classes defined in tereNetworkModel of the
CoreModel. The classes are aaied to help recognize key groupings in the model. Theucolare
chosen to match the key entity cals in Figure5-2, Network diagramsymbol key (with thelink in

the alternative colar for clarity). This colar scheme for class diagrams is used in some of the figures
in the associated documents.

«OpenMadelClasss

HigherLevelFdEncompassesLowerl evelFds
. + lowerLevelFd l *
+ lowerLevelFd

FdAggregatesltps ForwardingDomain
. s 1
FdHasFdPorts LinkEncompassesljowerL evelFds
«Preliminary, StrictComposites — | «Experithentals
E 25N+ fd
FdEncompasses) owerlevellinks
o dPort LinkHasApsociatedFds
OpentdodelClass, Preliminarys + JowerLevelLink W *
FdPort = 1
[ —— «OpentadelClass» ———————
= [opentadelClasss]  + linkPort S Link "._suppartedLink
LinkPort
ElLinkPo 5.+ LinkHaslinkPorts B
0.1 g
aStrictCompositer . L0
0.1 + _lowerL evelLink
Prelinjinary» )
LinkPortSupportsFeParts «Experimental»
FdPortBundTolt OnLtns e inks
ortBqundToltp LinkPartTermingtesOnLtps <Experinfentals LinkEncompassesLowerlevelLinks FeSuppprestink
FdPortSupartsFcPorts «Prelinfinary=
«Experimpentals FdSupportsFes
LtpHasClientltps LipRelatestToltplnOtherview Should this be LinkSuppartdFes
—— FdSupportsFes aExperimentals
LtpHasServerLtps ‘
+ _serverltp Yo oY ¢ eapYoa | v wy *-tpInOtherview
«OpenModelClassa P
LtpHasPeerltp 5 LogicalTerminationPoint s connectedltp FeHasLowerL evelFes
o1 "L LipCornectsToPeerltp
01 01 v fPart WV W 4 feport . fe . - + _lowerLevelFc
+_peerlts 0, FePortConnectedToltp * [ openModelClasss .+ fePort «OpenModelClasss .
- + ltp E report oo FeHasFePorts | E ror onstruct e
0.1 0 - + ettty # “StrictCompositen
_,—l 0.1
I
|
! LtpIncludeiLayerProtocols
I
| + lp 1
Has changed fram «Oéer\Mode\C\ass»
<ampasttion ta LayerProtocol
aqgregation in 13

Source Papyrus CoreModel diagram: ForwarditgnterLayerSkeletonOverview

Figure 6-271 Skeletonclass diagramof key object classes

EDITORIAL NOTET The UML figures contained in this Recommendation are also available in png lemaat

6.3 Core Foundation model

TheCoreFoundatiormodelin Annex Cprovides a detailed view of all aspgof thecoremodelthat
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 .(3bk Figure 6.
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=OpenModelClass, Preliminary»
Q State Pac

«Preliminary»

qi

Eg «CpenModelattribute, Preliminany» + operationalState: OperationalState [0..1]
Eg «CpenModelAttribute, Preliminany» + adminsatratveState: AdministrativeState [1]
= «OpenModelbttribute, Preliminary= + lifecycleState: LifecycleState [1]

OpenModelClass, Experimentals
Q LocalClass

<]—

«Preliminarys

«Enumerations
«Preliminary»
OperationalState

«Enumeration=
«Preliminary=
Administrative State

OpenModelClass»
GlobalClass

=1 DISABLED
=1 ENABLED

=1 LOCKED
= UMLOCKED

These states are derived fram the definitions in

sEnumerations
«Experimentals
LifecycleState

=1 PLANNED
=1 POTENTIAL
=IINSTALLED

=1 PENDING_REMOWAL

Source Papyru§oreModel diagram: GeneralizedStates

64

ITU-T Recommendation X.731 “Information
Technology — Open Systems Interconnection -
Systemns Management: State Management
Function” including amendments 1 and 2. This
Recommendation and its amendments are
available from:
http:/fwwewitu,int/rec/T-REC-X.731/en

AN

Figure 6-31 States for allobjects

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 viewsSee

NelncludesLtps

Figure6-4 and 65.

eLikelyToChange»

NetworkElement

0.1

NeEncompassesFds

RiskParameter_Pac

TransferCest Pac

FdAggregatesLtps

‘"

TransferTiming. Pac

Transferintegrity Pac

0.1
0.1
HigherlevelFdEncom passesLowerlevelFds
' 0.1
0.1
ForwardingDomain
0.1 FdContdinsFes

L 1 R 0.1
o

0.1

FdEncom passesLowerLevellinks

LinkHasAssociatedFds

LogicalTerminationPoint

LinkHasLinkPorts

LinkPortTerminatesOnLtps | |inkport
B g 1

1 kX

L

LtpIncludesLayerProtocals

1
LayerProtocol

—

TransferCapacity Pac

Validation Pac ‘

ForwardingEntity 0.1
e
¥
Link - -—

0.1

0.2

LinkEncompassesLowerlevellinks

FeSuppartsLink

FcHasFcPorts 1

«Preliminary»
LinkContainsFds
«Experimentgl-

1 0a

FePortConnectedToltp “Exper\mentaluc
1
+| FePort 2+ ForwardingConstruct

LayerTransitionAbstractsLtps

FcHasLowerlevelFcs

LayerProtocolTransition Pac ‘

«Experimentals

Source PapyruSoreModel diagram: TopologhighLevelOverviewOfStructureAndPatsirge Text

Figure 6-471 Key classes that form the network topology
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CoreModel Diagram
FdRecursionWithLink

Shown by ForwardingDomain HigherLevelFdEncompassesLowerLevellFds
nesting (e.g., A is in B) Tl
P Allows for
* 0.1 multi-ended
«OpenModelClass» links

£ ForwardingDomain

0.1 FdEncompassesLinks
passesLinks
K>—

——Z
€ 2= 7
FD A encompasses =T
5 links
LinkHasAssociatedFds|
- * *
., &
Represents link at «OpenModelClass»
" boundary of & Link
ForwardingDomain -
- P * *

S =777 7§ agerepatedLink

«Experimental»
LinkEncompassesLinks

Showing experimental
Link recursion

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 6-51 ForwardingDomain recursion with Link 3

6.5 Core Network modeli Resiliencemodel

The Resiliencemodelin Annex Eprovides a view of the mod&r resilience (including protection
and restorationand encompasses

T The basic resilience model structure

| The key attributes relevant to resilience

T The application of the resilience model to various cases
See Figure ®.

3 The numbering of the FDs on the figure implies a strict and fixed hierarchy. It should be noted that the
association is aggregation and hence the hierarchy can changen &fd aay 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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Source Papyru€oreModel diagram: Resiliendeattern

6.6

Figure 6-6 1 Basic resilience pattern

Core Physical model

The Core Physicalmodelin AnnexF provides a view of the model for physiaiject (including
equipment, holders and connect@asll encompasses

Introduces théhysical model structure

Describes the key classes of #hg/sicalmodel

Explains the attributes of tH#ysical model

Describes the relationship between the connector and the LTP

Shows how the model deals with the relationship betwghysical and functional views
Explains how thé&pecification model describes equipment scheraeas,fules)
Highlights work in progress to further advartbe Equipmentmodel

See Figure 4.

16

Rec. ITU-T G.7711/Y.1702 (03/2018)



Intend to move 0.1
sFisldReplacesble” to sOpentdodelilass, Matures -

"spec layer" Equipment -l
* | &+ isFieldReplaceable: Baclean [1]

+ _encapsulatedNonFru + _accupyingFru
0.1
1 [ 0.1
EquipmentEncapsulatesNonFru
HolderQccupiedByEquipment
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“Experinjentals
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«Matires «Experimental»
e e o tErpedmental
EquipmentHasHolder | HasConcealedConnector
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I
AddressedInTheContextOfHolder 1
I
I
I
I
I
I
+_containedHolder Y/ * 1.1 Y + _addressedByHolder !
OpentodelClass, Matures |
£ Holder SR !
I
I
I
I
I
' May not need to
ol | instantiate connector
E ' {eurrently abstract but
i may be case
! dependent).
I
oy +_exposedCable
+ _connector [, = \if /
/
Holder i . kOpenModeiCiass, Pretiminanys 1,1 [openMadelClass, Experimentals
connecdtornot - HolderE ncaps ulatesConnector H Connector 1" CableHasConnector E Cable
exposed. !
May need to «Preliminary» +_connector T _connector oExperimentals
have an
identifier or
name so it can
be addressed. 0.1 .+ _connector /

Model does not allow
stackable connectors

ConnectorConnectsConnector

This should have a strand model.
Medium and MediumPort (where the portis
the facet of the fibre where cut),

«Experimentals B30 need medium bundle,

Source Papyru€oreModel diagram: Equipmemattern
Figure 6-7 17 Basic equipment pattern

6.7 Core Specification model

This clause provides a higavel overview of theCore 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 of specific cases of use

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

T Reducethe clutter in a representation where a set of details tAkesame values for all
instances that reledl to a specific case

T 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 definitions 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 is that they be rigorous defimstiof specific cases of usage
and enable machine interpretation where traditional interface designs would only allow human
interpretation.
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The following dedicated spec structures have been considered

| FC spec: Main focuss to provide a representationtbie efective internal structure ohd=C.

T LTP and LP spec: Maindcusis to provide a representation lodyerProtocol (LP) specific
parameters fothe LTP.

| FD and Link spec: Main focus on capacity and forwarding enablement restrictions

| Equipment spec: Main focusto provide a representation of equipping constraints

T Schemespec:Main focus is to provide a mechanism to describe any pattern (arrangement)

of entities from the model for some specific purposg.(to describe the struare of a
[ITU-T G.8032] protection scheme.

See Figure .
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Figure 6-8 1 Classdiagram of the spec model oE TP and LP

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

6.8 Control model

The ONFarchitecture [BONF TR521] talks of a recursion of control aligning well with the more
general concept of thmanagementontrol continuunirom [b-TMF IG1118]. The control model in
Version 2 of thecoremodel showed a traditional hierarchy rather thanregsized recursion.

Over many years it has become apparent that the traditional representation of the Network Element
and of the Managed Element was not correct. It is cleay fiioat one perspectivdhe Network
Element is simply a lower level membertbeé ManagemernControl Continuum (MCC). It is also
apparent that all other aspects of the NE are covered by other parts of the model.

It was concluded that the NE should benredeled as simply a control capability and that that
capability should begeneralized so that it could handle all aspects of the Management Control
Continuum.
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Figure 6-97 Core control model

As explained irversion 2 of theore model,the classes $Controller, NetworkControlDomain and
NetworkElemerthave been reassessed and deprecated and new classes have been developed in thi:
release to replace them. It has been recognized that a uniform recursive model of control can be
developed that providescansistent treatment of what were previously seen as completely different
things

6.9 OAM model
For further study

6.10 Operation pattern model

The work has been carried out with the assumption that the futateud orientedsuch that the
controllers & an interconnected system of clehmsed components. It is assumed that in a cloud
environment the operations will be "outcomgented" interactionwhere the focus is on stating the
constraints that form a boundary that defines the desired targettclonoeoriented interaction the
operations/methods/activities/tasks used to achieve the desired outcome are firmly in the domain of
the provider. The client simply provides information about the desired outcome in the context of what
has been agreed as pitde. Hence the essential nee@y interaction is the provision of information

about the desired outcome in terms of constraints and potentially in the context of some expected
initial system stateWhilst the content of any message may differiperaction the structure will be
consistert

T The Operationgpatternmodel is intended to provide a dynamighkdsticated structure that
has foldaway' parts

4 The Network Elemenscope of the direct intixce from a SDN controller to a Network Eleménthe
infrastiucture layer is similar to the EM®-NE management interface defined in the information models
[ITU-T G.874.1 (OTN), [ITU-T G.8052 (Ethernet), andITU-T G.8152 (MPLS-TP).

5 Intent is an outcomeriented form of interaction.

6  Again, human language #&good analogy. The grammar remains constant, simple and repeating but the
vocabulary is broad and changes/grows often rapidly.
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T The aim is tgprovideone structure

A For all outcomeoriented constraiAbased forms indding intent
A Supports traditional Verb driven forms

3 with constrained valued
3 with absolute values
A Enables operations that:

3 Act on multiple separate independent things

3 Have sequence and interdependency between parts and with othextesepa

interactions

3 Arelong lived or short lived (where the life may depend upon the case and may

not be knowable before the request

| The aim is that the model will be used to generate schema where there is a continuum of

compatible schema from thmost basic simple CRUCreate/Read/Update/Delet®yms

to the most sophisticated forms such thatCRUD form can be seen as a tiny subset of the

sophisticated form
Figure6-10 shows the model of the request.
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Figure 6-101 The Structure of an operation (request)
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6.11 Processingconstruct model

The ProcessingConstruct (PC) represents generalized functionality. The PC is used in conjunction
with the ConstraintDomain (CD) that groups PCs aodstrains their usage. In addition to being
general applicable to represent functionality that is not being modeled in detail the PC and CD form
the fundamental pattern that allows an important tramsib the representation of@eVvice.

In the CIM tere are already separate classes for special types of functions:
T ForwardingConstruct to represent forwarding functionality

| LogicalTerminationPoint to represent termination, and

| ForwardingDomain to represent forwarding scope constraints.

Processing@nstruct is in addition to these concepts and is to be used where the major function of
interest is related to processing rather than forwarding of information.

While there are a number of grey areas between processing and forwarding, there apgfew
ProcessingConstructs:

T Memory

T CPU

T Storage

Another use for ProcessingConstruct is for representing control plane processes such as packet
routing processes. Packet routers commonly run many routing protocols and may also run many

instances of eaclouting protocol. Each routing process instance peers independently and using
ProcessingConstruct we can show the actual control plane topologies.

7 Here we will use the term 'device' in a loose and undefined manner to aid in the discussion. The term is
not defined becauskis not important for our discussion, the generally understood concept is sufficient.
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Figure 6-111 Processingconstruct and constraint domain core model

7 Other aspects

This clause provides an overview of other critical supporting material of the CIM. These material
are further detailed iAppendixl.

7.1 Key reference materials

In the development of theore model ofthe CIM, IM works have been shared amostandards
developnentorganizations$DO9, including [BONF TR512], [0 TMF TR215], [6TMF TR225],
and[b-TMF GB923. Thecore model has also been published asJdF TR-512]. It is also being
shared with other bodies via variougechanisms 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 the model. The individuainnexeon model focuses provide details on key classes and attributes
but do not provide all details to avoid clutserd replication.
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An extract from the data dictionary is shoimrFigure 7-1.

5.1.1.6 ForwardingConstruct
Qualified Name: CoreModel::CoreNetworkModel::ObjectClasses::ForwardingConstruet

The ForwardingConstruct (FC) object 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 effect
forwarding of transport characteristic (layer protocol) information. AnFC can be in only one FD. The ForwardingConstructis 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
s support: MANDATORY

Table 1: Attributes for ForwardingConstruct

Atiribute Name Type Multiplicity | Access | Stercotypes Description
layerProtocolName OpenhlodelAtmibute ThelayerProtocd at whichthe FC enables
- LayerProtocolName 1 EW » AVC:NA potential for forwarding

. - norange constraint
« support: MANDATORY

An FC object supports a recursive
aggregationrelationship such that the
intemal construction ofan FC canbe
exposed asmuitiple lowerlevel FC objects
7 . Aggregationis used as forthe
. OpenModelAtribute (partitioning). Aggregatio
omerlevelfeRefiit ForwardingConstruct o= W * AVC:NA FD to allow changesin hierarchy. FC

) . aggregationreflects FD aggregation. The
» yalueRange: norange constraint
+ support: MANDATORY FC represents a Cross-Comectionin an NE.

The Cross-Commectionin anNE is not
necessarily the lowestlevel of FC
partitioring

Figure 7-17 Extract from data dictionary

7.3 Terminology mapping

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

7.4 Core model enhancement

AppendixIV provides fragments of ongoing work. The data dictionary docu(sertAppendix II)
does NOT include entities from Appendi. All the work in AppendiXV is experimental.

AppendixIV covers:

T Modeling enhancements including adding rules to the core model (loop and.spiral)
T ManagementContro-Componenmodel includinga ProcessingConstruct

T Operations model patterns

T Information architecture and patterns

T Additional interview interrelationship consideratians

T FurtherResilience model enhancements (including details of the support for TITBLB032]

7.5 Future core model work areas

Potential future areas of work in tberemodelinclude, not in any particular order:
i Policy model

T Embedded communication channe0C) subset

T Ensurancemodule

T Managementontrol components

A Development of th&€ontrdler model[including NE,NetworkControlDomain NCD),
controller componentetwork cae contro].
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Profiles,templates andpecifications

A Completion of spec model and addition of profiles model in the spec context
A Further development of constraint models (atseecing policy)

Signaling

A Developing models for sigriag in the context of ECC and protection
Operation, administration and maintenan@@¥i) functions

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

Ensurance

A Modeling of eventsand thér reporting

Dependency graph representation of telecommunication technology (including flow
semantics)

A For expression of detailed processes of a telecommunication technology to enable
interpretation of a new technology

Resilience

A Validation of the protection model for support [¢TU-T G.8033 and for other ring
schemes not yet covered

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

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

Timing andSynchronization model (frequency and time/phase)

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

Phystal equipmentmodule

Completion of the equipment model
Expectation 8. actual

Attribute details

Rationalize attribute groupings

Look for source for physical properties

Separate out functional work into other work areas (ProcessingConstru€@/Advid
functions)

Separate oulanagemen€Control parts intdlanagemen€ontrol model

Refine and move specification model detail fridme Physical model document tine
Specification model documeiiand 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
Provide further examples of usage

Develop detailed rules

Refine model to deal with rule interaction

Consider FD/FGpec convergence

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

T To o T To To o I»

To To T T To I
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A When dealing wittCompoundLinks, consideation ofwhether rules are necessary for
Link is requied (the same structure will appliput an additional association from Link
to FD will be necessary)

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

3 Implication of the work 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 rdmme only form whee the rurtime form may have
static parts only in the spec form

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

3 Considerationsfd'model viscosity"(all models are fluid over some 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 operation§rom nonspec to spec
3 Continuum of usage approaches from "phrase book user" to "orator"
General processing construct model (and the component sypatézm)

A Developing the model of the recursion of function abstractions from the base equipment
through functional protection to the supporting of LTe.

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 enhancements including 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 exarmpled 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 ttmapping to OpenFlow
A Development of mappings to IETF models
Interface patterns

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

Support for specific interface developnt
A Transport application programming interfadé\Pl)
A Intent model

o To T
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Tooling

A Enhancemertb UML YANG to coverSpecification models

A Enhancements to pruning and refactoring process and tooling
Minor enhancements

A Rename the LayerProtocol class

Documentation

A Ongoing improvements

UML model Papyrusfiles

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

G.7711V2.02_PAP.zip

This contains the IT G.7711Y.1702model files, i.e., the .project, .di, .notation, and .uml
files

G.7711 v2.2 DD.zip
This is the data dictionar§gee Appendix Il.

G.7711 v2.Q FIG.zip
This is the figure files

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 informadel,

the user needs to install the open source Eclipse software and the Rapyrushich is available at
[b-EclipsePapyrus]. The installation guide for Eclipse and Papyrus can be foun®NHRbIR-515.

26
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Annex A

Modelling principles and guidelines, and tooling
(This annex forms an integral part of this Recommendation.)

The following modelling principles related to encapsulation have been followed in the development
of the Core Model.

| If the positional bounds of two related concept insés are coincident for their entire
lifecycle, then they may be merged into a single entity instance representing the composite
concept and hence share an identifier, etc.

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

| If the positional bounds of several instances of a concept are all subsets of the positional
bound of another concept to which they are related for their entire lifecychetaard that
larger concept can be considered as a dominant definition, then they may be subsumed into
the entity via a composition relationship.

| If a concept instance that bridges two other concept instances (of the same or different types)
is, in the paticular case, devoid of anything but identity then it may be represented simply
by associations between the entities representing the two other concept 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 identity, then it may be omitted.

Several guideline documents have been constructed in the open source community to maintain
consistency in the models generated with the ainascoimmon modelling approach and CIM in the
industry. These guidelines are available aOBSDNEAGLE, 2017] and have also been published

by the Open Networking Foundation (ONF). The {TUG.7711Y.1702 core model has been
developed through close collaltion with ONF following these guidelines.

A.l UML modelling guidelines

[b-ONF TR514]: The CIM is expressed in a formal language called UML. UML has a number of
basic model elements, called UML artefacts. In order to ensure consistent modelling, drggta su

of the UML artefacts is used in the development of the CIM. The selected subset of UML artefacts is
documented.

A.2 Papyrus and Github guidelines

[b-ONF TR515] establisheguidelines for utilizing the Papyrus tool used in the development of the
CIM. [b-ONF TR-515] also describes how the CIM modelling teams can cooperate in the GitHub
environment for separate and coordinated development of the CIM fragments.
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Annex B

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

The focus of this annex is the key parts of the Core Network Model of the CIM. The Core Network
Model covers the essentials for modelling of the Network providing all of the key classes.

The Core Network Model encompasses all aspects of Termmraith Forwarding. The focus of this
annex is as follows.

T Termination Subset of the Core Network Model: Coveraibeelling of the processing of
transport characteristic information, such as termination, adaptation and OAM

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

T Forwarding Subset of the Core Network Model: Covers the detaflsrwhrding entities,
including:
A The Basic Fawvarding
A The FC Specification.

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

| Layered Topology: Covers thmodelling of network topology information in defadnd
describes the atbrutes relevant when working with muléiyered network topology

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

Figures contained in this annex are also provided in the electronic attachment to this
Recommendatigrwhich can be downloaded frothis repository

B.1 Forwarding and termination model detail

The Forwarding andermination model is at the heart of the CoreMoé&ure B.1-1 provides a

view of the structure of the model. Further structure related to other aspects of the model is provided
in other sections (especially relevant are Annex DAsmukex E). The diagram below highlights key
interrelationships betweékey clases defined in th€oreNetworkModule of the CoreModel. The
classes are calimed to help recognize key groupings in the model. Theucelare chosen to match

the key entity colaors in the diagram symbol set referenced in clause 5 (with the Link atténeative

colour for clarity). This colar scheme for class diagrams is used in some of the later figures.

8  The information described in this annex carubed, for example, for path computation and to provide
views of network capacity/capability with information maintaiired topology database.
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Figure B.1-17 Skeleton class diagram of key object classes

The model inFigure B.1-1 provides the essential entities for representation of Forwarding and
Termination.Several patterns can be seen in the model:

| ComponerfPort: An aspect of the ComponeBystem pattern discusseddppendixV. The
Link, ForwardingConstrict (FC) and ReardingDomain (FD) have ports

T Symmetric function: An FD can be seen as a symmetric function and can be associated
directly with an LTP (bypassing the FdPort). A Link can also be seen as a symmetric function
in the context of an FD and be directly asatad to an FD bypassing the FdPort, LinkPort
and intervening LogicalTerminationPoint (LTP)

T Port support: If the ports on one class (6=@) support the ports of another class (&G
such that FdPortSupportsFcPort) then there is also a supptansthd between the classes
(e.g, FdSupportsF&.

T Enablement: The FD and Link represent the potential to enable constrained forwarding. Both
FD and Link can support enabled constrained forwarding represented by.the FC

When applying the information model t@pecificinterface,only a subset of the overall information
model may be needed. Depending on the scope ohtidace pruning of the information model
may be necessary, such as excluding a wtlakes or partfoa classin addition, refactoring of the
selected modedrtifacs may be necessary to meet specificpurposeneeds. However, factoring
of the modehrtifacs should not add semantics beyond those defined in the information Mioelel.
Pruning and Bfactoring method is described in@INF TR-513].

Figure B.1-2 provides more detail highlighting peer and interlayer associations between LTPs. The
figures in clause B.2,2Termination explain the uses of the associations using simple pattern
examples.

9  Note that the name of this association has been changed in this release to emphasise the pattern.
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Figure B.1-27 Skeleton class diagram of key object classes showing layering

The figure also shows intdatyer and intrdayer associations between FD, FC and Link. Details of
FCto link layering and other FC, Link and FD considerations are provid&dnexD.

Note that not all attributes are shown for the classes belovhpgemndixIl for a list of all attributes).
Only those attributes that are relevant for this document arersh

B.1.1 Termination model

B.1.1.1 LogicalTerminationPoint
Qualifiedname: CoreModel::CoreNetworkModel::ObjectClasses::LogicalTerminationPoint

The LTP class encapsulates the termination and adaptation functions of one or more transport layers
representedly instances of LayerProtocol. The encapsulated transport layers have a simple fixed 1:1
clientserver relationship defined by association end ordering. The structure of LTP supports all
transport protocols including circuit and packet forms.

Inherits preerties from:

) GlobalClass
See Table B-1L.
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Table B.1-171 Attributes for LogicalTerminationPoint

Attribute name Lifecycle stereotype Description
(empty = Mature)

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

[tpDirection The overdldirectionality of the LTP.

T A BIDIRECTIONAL LTP must have at least some L
that are BIDIRECTIONAL but may atshave some SINK
or SOURCE LPs

T A SINKLTP can only contain SINK LPs

T A SOURCE LTP can only contain SOURCE LPs
_serverLtp References contained LTPs representing servers of thig

in an inverse multiplexing (IMP) configuration [e.g., virtl
concatenation (VCAT)]

_clientLtp References contained LTPs representing client traffic of
LTP for normal cases of multiplexing
_Ip Ordered list of LayerProtocols that this LTP is comprise

where the first entry in the list is the lowest server Ig
(e.g.,physical)
_connectdLtp Applicable in a simple context where two LTPs are assoc
via a noradjustable enabled forwarding. Reduces clu
removing the need for two additional LTPs and an FC wi
pair of FcPorts

_peerlLtp References contdimg LTPs representing theeversal of
orientation of flow where two LTPs are associated vi
nonadjustable enabled forwarding and where the refere
LTP is fully dependent on the other LTP

_ItpSpec Experimental The specification of the LTP definiés internal structure. Th
specification allows interpretation of organization of L
making up the LTP and also identifies which int&iP
associations are valid

_ItpInOtherView Preliminary References one or more LTPs in other views that represer
LTP. The referencing LTP the provider of capability

_port Experimental See referenced class

An explanation of the structure and usage of the specification referenced by " ItpSpec" is provided
in Annex G. Rules for forming and interrelating LTP instances are provided in &&uge

B.1.1.2 LayerProtocol (LP)
Qualifiedname: CoreModel::CoreNetworkModel::ObjectClasses::LayerProtocol

The projection of an LTP into each transport layer is represented by a LayerProtocol (LP) instance.
LayerProtocol instances can be used to control termination and monitoring functionality. An
instancecan also be used to control the adaptation (i.e., sn&pn or multiplexing of client
signal), tandem connection monitoring, traffic conditioning or shaping functionality at an
intermediate point along a connection. Where the ¢lgamver relationship is fixed at 1:1 and is
immutable; the layers can becaipsulated in a single LTP instance. Where therenslarlationship
between client and server, the layers must be split over two separate instances of LTP.

Inherits properties from:
T LocalClass

See Table B-P.
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Table B.1-21 Attributes for LayerProto col

Attribute name Lifecycle stereotype Description
(empty = Mature)

layerProtocolName Indicates the specific layer protocol described by
LayerProtocol entity

_IpSpec Experimental The LpSpec identifies the internal structure of the
explaininginternal flexibilities, degree of terminatig
and degree of adaptation on both client and server

IpDirection Preliminary The overall directionality of the LP.
i A BIDIRECTIONAL LP will have some SINK o
SOURCE flows.

T A SINK LP can only contain ements with SINK
flows or CONTRA_DIRECTION_SOURCE flows

T A SOURCE LP can only contain SOURCE flows
CONTRA_DIRECTION_SINK flows

terminationState Experimental Indicates whether the layer is terminated and if so.h

Transport layer protocH specific properties (such as technology specific termination and adaptation
properties) are not modelled directly in LayerTermination. These attributes are defined in specifications
(see Annex G) that are used to augment the model. Where a technolafiy setnation has a
complex structuring of internal parts, these parts will be modelled in the specification.

B.1.2 Forwarding

B.1.2.1 ForwardingDomain
Qualifiedname: CoreModel::CoreNetworkModel::ObjectClasgemwardingDomain

The ForwardingDomaiFD) class models the topological component that represents a forwarding
capability that provides the opportunity to enable forwarding (of specific transport characteristic
information at one or more protocol layers) between poirts. FD object providethe context for

and constrains the formation, adjustment and removal of FCs and hence offers the potential to enable
forwarding.The FCs may be formed between LTPs at the boundary of the FD or between physical
ports at the boundary of the FD (for mediadies). A number of FDs (related by Links) may be
grouped and abstracted to form an FD where that FD represents the effect of the underlying FDs but
where the detailed structure is not appar€&hts grouping and abstraction is potentially recursive.

An FD represents an abstraction of some combination of software behavior, electronic behavior and
physical structure that provides a forwarding capabiftya lower level of recursion an FD could
represent a forwarding capability within a deviéedevice may ecompass two or more disjoint
forwarding capabilities and may support more than one layer protocol, hence more than Ane FD.
routing fabric may be logically partitioned to represent connectivity constraints, hence the FD
representing the routing fabric snae partitioned into a number of FDs representing the constraints.
The FD represents a subnetwork [ITUG.800], FlowDomain [TMF 612] and a
MultiLayerSubNetwork (MLSN) [TMF 612]As in the TMF concept of MLSN the FD can support

more than one laygrotocd. Note that th¢ I TU-T G.80Q subnetwork is a single layer entity.

Inherits properties from:
T GlobalClass

T ForwardingEntity
See Table B-B.

10 The specific transport technology characteristic information (see TIT3J805)).

32 Rec. ITU-T G.7711/Y.1702 (03/2018)



Table B.1-31 Attributes for ForwardingDomain

Attribute name Lifecycle stereotype Description
(empty = Mature)
layerProtocolNameList One or more protocol layers at which the FD represent
opportunity to enable forwarding between LTPs f{
bound it
_lowerLevelFd The FD class supports a recursive aggregation relatiof

(HigherLevelFdEncompassesLowerlLevedfdsuch tha
the internal construction of an FD can be expose
multiple lower level FDs and associated Lin
(partitioning). The aggregated FDs and Links form
interconnected topology that provides and describes
capability of the aggregating FD.ok¢ that the modeg
actually represents aggregation of lower level FDs
higher level FDs as views rather than FD partition,
supports multiple views. Aggregation allow reallocatior
capacity from lower level FDs to different higher le
FDs, as ithe network is reorganized (as the associatiq
aggregation not compositian)

_fc An FD aggregates one or more FCs. An aggregate
connects LTPs that bound the FD

_lItp An instance of FD is associated with zero or more |
objects. The LTPs th&tound the FD provide capacity f
forwarding

_lowerLevelLink The FD encompasses Links that interconnect lower |

FDs and collect links that are wholly within the bounds
the FD. See also _lowerLevelFd

_fdSpec Experimental See referenced class

B.1.2.2 FdPort
Qualifiedname: CoreModel::CoreNetworkModel::ObjectClasses::FdPort

The association of the FD to LTPs may be direct for symmetric FDs and may be via FdPort for
asymmetric FDsThe FdPort class models the role of the access to the FD furidtecapability to

set up FCs between the associated FdPorts of the FD depends upon the type of FD. It is asymmetry
in this capability that brings the need for FdP®dHe FD can be considered as a component and the
FdPort as a Port on that component.

Inherits properties from:
| LocalClass

This class is Preliminary.

Table B.1-4 71 Attributes for FdPort

Attribute name | Lifecycle Stereotype Description
(empty = Mature)

_ltp An instance of FD is associdtevith zero or more LTH
objects.

The LTPs thabound the FD provide capacity for forwardir

For asymmetric FDs, the association to the LTP is via
FdPort
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Table B.1-471 Attributes for FdPort

Attribute name | Lifecycle Stereotype Description
(empty = Mature)
role Each FdPort of the FD has a role (e.g., symmetric,
spoke, leaf, root) in the context of the FD with respect tq
FD capability
fdPortDirection The orientation of the defined flow at the FdPort
_fcPort Experimental Where an FD is asymmetric and hence has FdPorts

where that FD and supports FCs, appropriate FdPorts o
FD support the corresponding FcPorts

B.1.23 ForwardingConstruct (FC)
Qualifiedname: CoreModel::CoreNetworkModel::ObjectClasses::ForwardingConstruct

The ForwardingConstruct (FC) class models enabled constrained potential for forwarding between
two or more FcPorts at a piaular specific layerProtad. Like the LTP, the FC supports any transport
protocol including all analogue, circuit and packet forRus.digital layer networks it is used to effect
forwarding of transport characteristic (layer protocol) informati&n. FC can be in only one
ForwardngDomain (FD).The FC is a forwarding entityAt a low level of the recursion, a FC
represents a cros®nnection within an NE. It may also represent a fragment of a-coosgection
under certain circumstanceshe FC object can be used to represent ndiffgrent structures
including pointto-point (P2P), pointo-multipoint (P2MP), rootedanultipoint (RMP) and
multipointto-multipoint (MP2MP) bridge and selector structures for linear, ring or mesh protection
schemesWhen applied to media, the FC reprasehe ability for a flow/wave (potentially containing
information), to be propagated between FcPdifte. existence of a FC instance is independent of the
presence (or absence) of a flow/wave (and any information encoded witlirfldyv/wave cannot
propagate in the absence of a FC instance.

Inherits properties from:
T GlobalClass

| ForwardingEntity
See Table B-b.

Table B.1-571 Attributes for ForwardingConstruct

Attribute name Lifecycle stereotype Description
(empty = Mature)

layerProtocolName The layerProtocol at which the FC enables
potential for forwarding

_lowerLevelFc An FC object supports a recursive aggrega
relationship such that the internal construction o
FC can be exposed as multiple lower level

objects (partitioning). gregation is used as for tf
FD to allow changes in hierarchy. FC aggrega
reflects FD aggregmn. The FC represents

CrossConnection in an NE. The Cre&onnection
in an NE is not necessarily the lowest level of
partitioning

_fcPort The assoation of the FC to LTPs is made V
FcPorts (essentially the ports of the FC)
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Table B.1-571 Attributes for ForwardingConstruct

Attribute name Lifecycle stereotype Description
(empty = Mature)
_fcSpecReference:ClassRef | Experimental Reference to the Spec (Class)
SpecReference
forwardingDirection The directionalityof the ForwardingConstruct.

applicable tosimple ForwardingConstructs whe
all  FcPorts are BIDIRECTIONAL (thé
ForwardingConstruct will be BIDIRECTIONAL
or UNIDIRECTIONAL (the ForwardingConstruc
will be UNIDIRECTIONAL). Is not present if
more complex cases

B.1.24 FcPort
Qualifiedname: CoreMdel::CoreNetworkModel::ObjectClasses::FcPort

The association of the FC to LTPs is always made via FcPottse case of media the association
between FCs is made via their FcPorts and the association of an FC to the physical Pin is made via
the FcPortThe FcPort class models the access to the FC fundtientraffic forwarding between

the associated FcPorts of the FC depends upon the type of FC and may be associated with FcSwitch
object instancedn cases where there is resilience, the FcPorteoayey the resilience role of the
access to the FQt can represent a protected (resilient/reliable) point or a protecting (unreliable
working or protection) pointThe FcPort replaces the Protection Unit of a traditional protection
model. The Forwarding@nstruct can be considered as a component and the FcPort as a Port on that
component.

Inherits properties from:
T LocalClass

See Table B-b.

Table B.1-61 Attributes for FcPort

Attribute name Lifecycle stereotype Description
(empty = Mature)

_ltp TheFcPort may be associated with more than one
when the FcPort is bidirectional and the LTPs
unidirectional. Multiple Ltpi Bidirectional FcPort tg
two Uni Ltps Zero Ltg BreakBeforeMake transitio
T Planned Ltp not yet in place Off-network LTP
referenced through other mechanism

role Each FcPort of the FC has a role (e.g., work
protection, protected, symmetric, hub, spoke, |
root) in the context of the FC with respect to the
function

fcPortDirection The orientation of defined float the FcPort

B.1.25 Link
Qualifiedname: CoreModel::CoreNetworkModel::ObjectClasses::Link

The Link class models effective adjacency between two or more ForwardingDomains K6Ds).
digital layer networks, ifts 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 FD. Like the FC, the Link has ports
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(LinkPort) which take roles relevant to the constraints on flows offered by the Link (e.g., Root role
or leaf role for a Linkhat has a constrained Tree configuration).

Inherits properties from:

| GlobalClass
| ForwardingEntity
See Table B-T.
Table B.1-771 Attributes for Link
Attribute name Lifecycle stereotype Description
(empty = Mature)
layerProtocolName The Link cansupport multiple transport layé
protocols via the associated LTP object.
implementation optimization, where approprig
multiple layerspecific links can be merged a
represented as a single Link instance as the
can represent a list of layeigpocols. A link may
support different layer protocols at each F
when it is a transitional link
_fd The Link associates with two or more FDs. T|

association provides a direct summarization
the association via LinkPort and LTP

_linkPort Theassociation of the Link to LTPs is made
LinkPort (essentially the ports of the Link)

_lowerLevellLink Experimental A Link may be formed from subordinate lin
(similar to FD formations from subording
FDs). This association is intended to co
concepts such as serial compound links

linkDirection The directionality of the Link. Is applicable
simple Links where all LinkPorts at
BIDIRECTIONAL (the Link will be
BIDIRECTIONAL) or UNIDIRECTIONAL
(the Link will be UNIDIRECTIONAL). Is not
presenin more complex cases

_fdRuleSet The rules related to a Link

_linkSpec Experimental See referenced class

_linkSpecReference:ClassRe| Experimental See referenced class
SpecReference

T At this point the model supports point to point links fully
A The model allows mulpoint, but anything above 2 (i.e., 3..*) is preliminary
T A Link may offer parameters such as capacity and delay (see Annex D)
A These parameters depend on the type of technology that supports the Link.

B.1.26 LinkPort
Qualifiedname: CoreModel::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 of Link. In cases where there is resilience, the LinkPort may convey the resilience role of the
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access to the Link. The Link can be considered as a component and the LinkPort as a Port on that
component.

Inherits properties from:
T LocalClass

SeeTable B.18.

Table B.1-81 Attributes for LinkPort

Attribute name Lifecycle stereotype Description
(empty = Mature)

_ltp The LinkPort may be associated with more than
LTP when the LinkPort is bidirectional and the LTPs
unidirectional. MultipleLtp i Bidirectional LinkPort to
two Uni Ltps Zero Ltg BreakBeforeMake transitioh
Planned Ltp not yet in placé Off-network LTP
referenced through other mechanism

role Each LinkPort of the Link has a role (e gymmetric,
hub, spoke, leaf, root) ithe context of the Link with
respect to the Link function

offNetworkAddress | Experimental A freeform opportunity to express a reference for a
of the Link that is not visible and hence is outside
scope of the control domain (efietwork). This
attribute is expected to convey a forei
identifier/name/address or a shared reference for 4
mid-span point at the boundary between {
administrative domains. This is a reference shi
between the parties either side of the network boung
The assmption is that the provider knows the mapp
between network port and offNetworkAddress and
client knows the mapping between the client port
the offNetworkAddress and that the offNetworkAddr
references some common point or pool of points. it
represent some physical location where the hah(
takes place. This attribute is used when an LTP ca
be referenced. A Link with an offietwork end canng
be encompassed by an FD

linkPortDirection The orientation of defined flow at the LinkPort

_fcPort Experimental Where a Link supports FCs each LinkPort of that L
supports the corresponding FcPorts.

B.1.3 Clock, timing and synchronization

Propagation of timing information (frequency, time or both) is a fundamental aspect of networking.
The iming model includes a representation of the clock used to provide timing for the functionality
of a device. For many applications the clock in a device needs to be synchronized to clocks in other
devices ie., build a synchronized network). The model nresgents the control of capability that
allows for the clock be synchronized with other devices that provide a timing signal and of capability
that allows the clock to provide a timing signal to other devices.

The timing signals are supported by variousmoek protocols and synchronization is achieved by
various techniques. The model described here is a generalized model that can be applied to any
network protocol (se&R-512.A.8for more details). For any particular case the specific properties

for the coresponding protocol/technique via the specification approacti(esex G.
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Figure B.1-37 Clock related to LTP, C&SC and FC

FigureB.1-3 shows the clock (highlighted in red) and associations (highlighted in blue) that form the

clock model.

Qualifiedname: CoreModel::CoreNetworkModel::ObjectClasses:: Timing::Clock
Clock function processes the input sync information (frequency and ssmeostamp and PTP

announce messages) and provides the modified sync information to the sync distribution function.

If none of the inputs meet the quality defined by the contralierclock may enter a helaver or
freeerun modeThe status of the clock wibe reported to the controller.

Inherits properties from:

T LocalClass

This class is Experimental.

Table B.1-971 Attributes for Clock

Attribute name Lifecycle Stereotype Description
(empty = Mature)

runMode Experimental The runmode of the frequencgystem clock
such as freeun, locked, and holdover.

_encompassedClock Experimental A clock may be emergent from and m
effectively encompass several clocks in a resil
solution.

_encapsulatedFc Experimental A Clock may encapsulate an FC related
resilience where the clock provides an output
is essentially that of one of several other clock
the resilience scheme.
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Table B.1-97 Attributes for Clock

Attribute name Lifecycle Stereotype Description
(empty = Mature)

_outputLtp Experimental A Clock may feed one or more LTPs with timi
information to popagate across the netwg
(it may feedno LTPs).

_encapsulatedCasc Experimental TheClock may encapsulate a complex FC wh
there is a resilience mechanism active and tha
will need to be controlled.

The Casc to control the FC can be encapsul
in the Clock.

_phaseAlignedClock Experimenal One or more clocks can be actively phase alig
(this is especially relevant in a hitless resilief
scheme).

B.14 NetworkElement, NetworkControlDomain and SdnController

As explained in the previous edition (Edition 2) of this Recommendatiog|abses SdnController,

NetworkControlDomain and NetworkEleméhhave been reassessed and new classes have been

developed in this relead@gureB.1-4 shows the relationship beéen the Edition 2 classes (timave

been deprecated highlighted with red tet and borders) and the new classes via some expanded
example classes (highlighted in green) that show two aspects of a control entity, the controller itself

and the view of the controller.

11 The Network Elemenscope of the direct intiaice from a SDN controller to a Network Eleméanthe

infrastructure layer is similar to the EM8NE management interface defined in the information models

[ITU-T G.874.1 (OTN), [ITU-T G.8052 (Ethernet) andiITU-T G.8153 (MPLS-TP).
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Figure B.1-47 Skeleton Class Diagram of key object classes showing Controllers

The new model is explained in full detail in Annex H. The key consideration is that the
ControlComponent (SDN Controller) exposes a ControlView which includes via aggregation
(highlighted in blue) all controlled entities (where a controlled entity is allowed to be in many
ControlViews). The SDN Controller exposes itself as a ControlComponentView and also exposes the
NEs as SubordinateExposedViews which provides a further ControlViewinttlatles the NE
ControlComponentViewi.g.,the control aspects of the NE) and the aggregation of the subset of the
entities from the SDN Controller ControlView that the NE controls. These are presented in the
terminology and naming of the SDN Controller.

B.2 Explanatory figures

This clause provides figures that illustrate the application of the model to various network scenarios
The clause covers both forwarding and termination. The forwarding views are relatively lightweight.
More sophisticated forwarding views are provided in Annex D and Annex E).

See Figure 2 for a key to the symbol set usede figures contained in this an
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B.2.1 Forwarding
B.2.1.1 Basic forwarding

The basic forwarding model, described in previous clauses, offers the capability to enable constrained
forwarding between LTPs. Figure B12provides a basic nodal view.
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Figure B.2-17 Forwarding fragment in a nodal view

Figure B.21 illustrates the ForwardingConstruct (FC) in the context of two LTPs. The FC defines
the enabled constrained forwarding between the LTPs (in Figw® iBi& point to point). The FcPort
of the FC is shown within the FC, emphasigithe strict wholgart relationship and lifecycle
dependency of the FcPort on the FC. The FcPorts are effectively FC component ports. The FC shown
has two FcPorts, but the model allows for two or more FcPorts [2..*], where in some cases the FcPort

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

The [0..2] multiplicity of _ltpRefList (at the end of the associatiboPortConnectedToLtpallows
for a bidirectional FcPort to associatéh two unidirectional LTPs.

B.2.1.2 Forwarding the Topology

The FC defining the enable constrained forwarding between a set of LTPs can be considered in the
context of a network topology offering capacity.

Figure B.22 shows a network for a single LPtarms of the basic topology of FDs, Links and LTPs

(grey) that provide capability and capacity for the LP and the signabrding using FCs (X, Y
andZ) and LTPs (green) enabling information flow for the LP.
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Figure B.2-21 Forwarding in a single layer

Clause B.2.2 deals with LTP layering considered in the context of single FDs. More sophisticated
multi-layer multtFD and multiview considerations are covered in detail in Annex D.

B.21.3 Forwarding in the media layer

Consider media (glass, copper,,aetc) through which information is to be transferred.
An appropriate medium is relatively transparent to some particular wave/particle flow (light,
microwaves, electronstc), i.e, when the medium is present it is inherently enabled to forward some
spedfic flows "uninhibited".

Also consider a wave/particle flow that is modulated by a source of information such that the
information can be recovered by observing the flow (and hence termination some or all of the flow)
at some point remote from the soundéhen the modulated flow is applied to an appropriate medium

it is possible to transfer information from a source to a distant receiver at the boundary of the medium.

On this basisand considering the definition of ForwardingConstruct (FQ3¥ clear hat the effect
of a medium can be represented by an FC and that the FC is always essentially present. The existence
of an FC instance is independent of the presence (or absence) of a flow/wave and information encoded
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within it (if any). A wave/flow cannopropagate without an FC. In some cases the FC may support
the propagation of the wave/flow, but the characteristics of the FC may prevent the transfer of
information.

In general, a medium imposes degradation on the flow where the specific charactdrigies o
medium interact with the characteristics of the flow for example:

| Absorption causing loss of power

T Interference between flows causing loss of integrity

| Dispersion causing loss of integrity

T Adding noise causing loss of integrity

| Restrictingbandwidth (frequency slot) causing loss of information integrity

As flow takes place in a length of a medium it can be represented by an FC with certain characteristics.

On some occasions the characteristic can be used to advantage. For exampladhienrteat takes
place in an Erbium doped fib causes amplification of the power in one flow.

Fibre adjacencycould be representedith a media ink/FD and hence the bridge between the
(atomic/static) physical consideration and the photonic functional consideradiamgdium will

have some nafinear characteristics. Because the medium can modify the flow in a complex way,
and considering that therensedia both within a device and between devices the choice of whether
to represent an element supporting the FC as Link or FD is driven purely by its position.

A physical medium is passive in nature, but when stimulated with the appropriate flows, &éath lin
and nonrlinear characteristics of the medium cause complex activity that yields relevant emergent
functionality. In some media the characteristics are such that:

T Power may be transferred from a flow of one characteristic to a flow of acbm@cteristic
in the medium

A Linear
3 Electronic to photonicg.g.,a laser)
3 Photonic to electronia(g.,a photodiode)
A Nontlinear
3 Photonic tgphotonic (an optical amplifier)
3 Photonic tgphotonic in a fibre (causing interference)

T Modulation may be transferred from a flow of one characteristic to a flow of another
characteristi€? in the medium

A Electronic to photonice.g.,a lasetd)
A Photonic to electronic (e.ga photodiode)

On this basisan FC may be fed with inputs of different chasexistics and as a result the power
and/or modulation may transfer from one domain to anoghgr,électronic to photonic). There may

also be a media change with no change of domain of 8ayv,&n air gap in an optical network where
the light passesmporarily into a gaseous mediueng.,at the junction between the medium of the
laser and the fite).

12 The transfemay only account for one form of modulation (e.g., phase information may be lost).

13 The medium in a laser has relatively high impedance to photons compared to glass and to electrons
compared to copper but in this case the key is transfer of power/moddtatin the electronic to photonic
domain. The change of domain happens within the medium.
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Clearly some media are constructed to minimize the undesirable effect-bh@mncharacteristics
(e.g., the fibre between sites) and other media eoastructed to take advantage of +ioear
characteristicsg.g.,Erbiumdopedfibre amplifier (EDFA)).

A physical medium necessarily occupies three dimensional space. Within that space a flow can be in
any direction and can spread. There is no simpévaelt quantization, it is not slotted or grid based,

it is essentially continuous. In some cases overlaying a conceptual grid structure is beneficial but this
is a view and not an inherent aspect of the medium. The model doassame any grid structure.

If there is a relevant grid/band formulation this will be detailed in a specification model (as described
in AnnexG).

The "any direction" characteristic is termed "ordirectionality". To cater for this aspect the
directionality enumerations have besxtended appropriately. In some cases a medium will restrict

the flow (due to diminished physical dimensions) to be only meaningful in one dimeagigar{

optical fibre), but the case is still considered as odirectional. Further restrictions using
appropriate active elements will prevent flow in one direction in an essentially one dimensional case.
Under these circumstances the more usual unidirectional representations will apply. As is the case for
other layers, bidirectional is applied to an F&ttis an abstraction of an assembly of two oppositely
directed unidirectional FCs.

In the media layer, bidirectional abstractions are normally only used as-hleghkabstraction for
the purpose of managing network connectMity=or other purposes, hidctional representations
are rarely useful and in most cases cuiirectional or unidirectional representations are used.

Figure B.2-3 the key enhancements made to the model to support media.
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E Connector =1INPUT =1 UNIDIRECTIONAL

=1 OUTPUT =1 UNDEFINED_OR_UINKR W Op |
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CoreModel diagram: ForwardirignhancementsRelatedToMedia

Figure B.2-37 Enhancements related to media (highlighted in red)

14 For example, in a higher level control/management system it may be convenient to associate a pair of flexible
grid filters that are omni directional as a bidirentl entity where one filter is used for each direction of
wave/flow propagation. This would allow a single command to cause the configuration of two FCs.
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Figure B.2-3 highlights in red the additions and adjustments made to the model to accommodate
media. There are two additional ForwardingEntity Pacs both of which provide information on
analogie characteristiés.

Often the media forwarding devices have a fixed number of FcPorts where the forwarding
characteristics per port are varialdiggure B.2-4 shows an FC that represents a rapdirt tunable
filter.

The figure shows internal FCs and usies FcPortlsFcPOrtOfInternalFc association. The internal
FCs could be represented as elements of FctRoutes (rather than directly via the
FcHasLowerLevelFcs), if they need to be explicitly exposed, or simply as bundles of attributes
explained by the Fc®g where, amongst other things, the FcSpec would define the frequency and
transfer characteristicdoés/gain, gain tilt (for an amplifier), chromatdispersion, "distortion"
etc)16. When using the spec the SubordinateForwarding specification mechanigsed (see
AnnexG).

All properties of the FC are conveyed =2> Directional attenuator

as part Oft.he ForwardingEntity P Tuneable filter/laser/receiver

* Attenuation )

» Filter properties and tunability /L Filter
FcPortlsPortOfInternalFc G.7711-Y.1702(18)_FB.2-4

Figure B.2-47 Broadband coupler/splitter with tuneable filter (FC contains FC)

Where the FcSpec is used, the FcSpec deiimernal routes and parameters of the route. Where the
properties are fixed, they could be defined only in the spec as usual. So fixed coupler/splitters just
need the FC with spec but variable devices also need route, reflecting the spec againstheldch to

the controls. Like FcSwitch this can be a sparse model so the Route FC is present unconnected or just
the measure is provided against the main FC with NO route where the measure is numbered as per
the spec and probably with respect to the port numgeri

As for all media, dibre has a particular transfer characteristic that essentially filters incoming flow
allowing only photons with characteristics in a relatively small range to pass almost uni#ipeded
Photons well outside this range will not passalatA flow of photons with characteristics near the
edge of the range may be attenuated the phase characteristics of the modulated information may
be impaired. The transfer characteristics ofilae are complex. Photons within a range of
characteriscs that may readily pass are considered to be in a band.

A media network is constructed from an arrangement of units afiane€Considering the
omntdirectional nature of the media, some of the units of media will broadcast a flow (splitting the
power) ad others will merge flows, as shown in the figure above. All units of media will apply some
degree of filtering. A band of characteristics for which there is minimal attenuation can be considered
as a channel through which a flow can pass relatively wlegh A particular medium may have
several channels (as it may have several bands).

15 Depending on the application it may not be necessary to use some or any of the analogue titaracteris
It is expected that the _Pac approach will be replaced by a Specification approach in the next release and
this will provide the necessary flexibility.

16 An indication if the parameter is inherently omni directional (i.e., independent of the diretsanal
propagation) or "uni" directional will also be provided in the specification.

17 There is considerable complexity in the characteristics of a medium that has been ignored here especially
around the edges filter pass band. The notion of a freguaot is not fully covered.
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To determine if a flow o& particular characteristic will pass through a chain of units of media in a
network the characteristic of those units must be accumulated apgtedp. For the filtering
characteristics, the method of accumulation can be considered as intersection. The intersection of
channel definitions for each unit of media defines the channel through the chaifl [G.872]

defines the ternfor these channslto be "media channel".

As discussed earlier, an FC is used to represent the enabled flow. An FC is therefore used to represent
a channel through a medidfand also through any chain of units of media. As a chain can be
considered as starting anywhere andliing anywhere, this leads to the FC being a grouping of any
series of FC and hence grouping FCs are NOT in a simple hierarchy.

H=AnglnBng2nC
gl=g2=w
H=AnBNC
F=AnB
E=BnC

G.7711-Y.1702(18)_FB.2-5

Figure B.2-571 Chain of filters and fibres

Figure B.2-5 shows a simple arrangement of units of media represented as FE&wginaisizes the
nonthierarchical nature of the treatment. The filter characteristics of the units of media are considered
and such that the characteristics of an FC is the intersection of the characteristics of the FCs it is
composed of. The FcPort to Pihtbe Connector is explained alauseB.2.5 Relationships to the
physical port.

Figure B.2-6 shows a view of the same chain of filters &ibdes with a purely FC based abstraction.

The figure illustrates the use of two different associations betwd#ortisc one allowing chaining of

FCs and the other allowing nesting of FCs. This abstraction could also be applied to layers other than
media to provide a flow only view where the specific termination considerations are not relevant and
where the connectdeCs are alternately in a Link and in an FD (potentially in a Route context).

18 The FC is also used to represent all parallel channels through the medium.
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Figure B.2-6 7 Abstraction of chain of filters and fibre s

Figure B.27 illustrates a more complex arrangement with a splitter/coupler and shows three FCs that
have a point in common to the left of the diagram and show the effects of the individual ports of the
coupler splitter when viewed at the points to the right of tagrdim.

F=AnglnBlNng2nC
gl=g2~ew

F= AnBInC
G=AmB2nD
H=AnB3nE

G.7711-Y.1702(18)_FB.2-7

Figure B.2-717 Complex assembly othains of filters and fibres
B.2.2 Termination

B.2.21 Casesof LTP and LP

In some figures, the LP is depicted with a view of the internal details. Figw@ $\.@ws the cases
illustrated in the figures. In aealization, the LP det&d structure would be expressed by a
specification as described in Annex 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 (por) [Is ITU-T G.805 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
! i Dual CP pool (encapsulating zero length link)
R — 7

Exposed TCP Rt !

Exposed CP with layer content rearranger

o} ; . .
(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(18)_FB.2-8

Figure B.2-87 LP cases

The relationship between some of the entities in the CIM and other familiar models are shown in
Figure B.29, which also providea key to some additional symbols. Further mappings are provided
in Appendix 1.
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ITU-T I Layered ~ TMF Per-layer detail ONF |p Spec explains
o | parameter list captured in LT LP internal
Rationalized | used to capture entities
Expanded representation I per-layer detail strycture

ITU-T G.805 (ITU-T G.805 /
representation  1TU-T G.800 terms)

Semi-flexible
&~ SNC/FR

Fixed

(degenerate)
& SNCIFR

|
ITU-TM.3100 LT = Layer termination I
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

G.7711-Y.1702(18)_FB.2-9

Figure B.2-91 Mapping from ITU -T and TM Forum Termination models to the Corel®

19 It should be noted that in this and future editions the terms ForwardingDomain (FD) and
ForwardingConstruct (FC) are used in place of Subnetwonk€wion (SNC) and SubNetwork (SN),
respectively (used in the earlier versions of the ONF information model).
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Examples of LTPs (using Port with various More precise view of port

«OpenModelClass»
] LayerProtocol

figures consistent with layers and flexibilities
those used in TM forum modelled as LTPs -
for PTP, CTP and FTP) (and shown as TM NS
forum PTPs and CTPs) RN
i \\ CoreModel Diagram
| ! N\ LtpAndLp
I N
; |
\ «OpenModelClass»
i “‘\\_‘_ \\\g ngi;%gn;i;a‘:i;nPoim
' 1 - N
o X ~_\
‘ ; . LTP
-, V | /
- 5 Tt
| | / LtpIncludesLayerProtocols
1 X
? V I / 1.* + 7lpLis ique}
. )
) H

LP

List order conveys order
of LPs in the LTP where
the first in the list is the
lowest server layer

R e

Will use this representation
to highlight the LTP/LP
associations

e

G.7711-Y.1702(18)_FB.2-10

Figure B.2-101 Representations of LTPs

In Figure B.2-10, the pictorial form shows a number of representations of LTPs (purple, grey and
green) representing the layering associated with physical ports (purple), their connectable clients
(green) and floating LTPs (grey). The right most pictorial form shibw réationship between the

LTP and the LP in terms of a detailed symbol derived from work by TM ForurtTahd .20 An LP
instancerepresents all aspects of termination of a siteylerprotocol An LTP is composedfd. or

more LPswhere the LPs represettie stack of terminationselevant to the LTRs depicted in the
pictorial view.A terminationstackmayspread across several LTPs. The reason for this split includes
multiplicity, connection flexibilityand flow orientatiortransitions

In the model:

T The flow of signas through the aspects of the LP shown in Figure @2 not currently
formally represented

A The LTP specification work (see Annex G), which is currently experimental, provides
the basis for formal representation in a future edition.

20 The work has been liaised by TM Forum and related to {TTG.805].
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T The fow between LPs within an LTP is represented via list order (see the note in

FigureB.2-10).

T The flow between LPs in different LTPs in a hierarchy is represented by the specific LTP

relationship (see Figure B7) and the corresponding LP list ordere TP

A In Figure B.210, the SinR®signal flowing from the top of the upper LP of the purple
LTP (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 LT& Hre depicted in Figure B2

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]

B B 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.

[AlIl TM Forum FTP cases]

Dependent (on existence of another LTP)

———————————————————— LTP with server bound to another

I
I
i of bound LTP server. Can provide
I
I

[Subset of TM Forum CTP cases)

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

naming context.
[a TM Forum CTP cases] L. - pp—

Figure B.2-1171 LTP cases

21 See clause B.2.3.

LTP client. Can use naming context

naming context to bound LTP client
___________________ I

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

’—rm LTP with client bound to another
! ! LTP server. Can use naming context
bound LTP client. Does NOT provide i ! of bound LTP server. Does NOT
i g ] provide naming context
! [a TM Forum CTP cases]

G.7711-Y.1702(18)_FB 211
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B.2.22 Casesof LTP and LP

Figure B.212 shows a number of LTPs (purple and green) representing the layering associated with
physical ports (purple) and their connectable clients (green) as described inBckaRde
FigureB.2-12shows in more detail the partitioning of the layer stack batw@®s. Several different
relationships are available for use at the split. The choice dependsepmrentation 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 poy. The signal would be deultiplexed 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 poiftb-point FC. The LTPs are split because of the change in fioentation
(multiplexing orientation). The association supporting this relationship is shown in the UML diagram
in Figure B.212.

NOTE - The LtpHasClientLtps association links
the LTPs but as the figure illustrates the actual
traffic relationship is between specific functionality
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)

Y of the client LTP (where the top and bottom LPs

\ are determined by examining the LP list order).

-\ /

- \
ﬁ\\ \
1
N \
\
N This association is used for
Y \ . . .
N inverse multiplexing
N (inc VCAT)

N 7
A P

\:\ LtpHasClientLtps -~ .

X
N LtpHasServerLtps

«OpenModelClass»
*. LtpHasPeerLp 0.1 ] LogicalTerminationPoint

0.1

i

CoreModel Diagram
LtpBasicAssociations

G.7711-Y.1702(18)_FB.2-12

Figure B.2-127 LTP relationships illustrated in a simple network element context

Considering the right most LTPs in tptorial 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 LTPs are split because of a change in icitytipt

the opportunity to connect with an FC. The association supporting this relationship is shown in the
UML diagram in Figure B.22.
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In Figure B.213, the final LTP to LTP association is highlighted. This allows two LTPs that are
associated with phisl 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 effectively represents a degenerate FC.

«OpenModelClass»
& Logical TerminationPoint 0.1

0..1

LtpConnectsToPeerLtp

CoreModel Diagram
LtpPeerAssociation

G.7711-Y.1702(18)_FB.2-13

Figure B.21371 LtpConnectsToPeerLtp illustrated in an Amplifier/Regenerator context
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Figure B.214 shows a standard case of an FC between two LTPs (green) which are clients of LTPs
(purple) where those LTPs support multiple clients.

G.7711-Y.1702(18)_FB.2-14

Figure B.2-141 FC between LTPs
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Figure B.215 shows a standard case of an FC between two LTPs (purple) where there is forwarding
flexibility, but the LTP supports only one signal flow.

G.7711-Y.1702(18)_FB.2-15

Figure B.2-157 FC between LTPs supporting only one flow

B.2.2.3 Inverse multiplexing

It is sometimes necessary to carry a single information flow that has a particular characteristic rate
over a network where the bearers are too small to carry that rate of information transfer. Under these
circumstancest is necessary to use a mechanism thateds the information flow into parts to be
conveyedn parallelover several of the bearers in paralgich that it can be reassembled at the far

end of the bearer into a flow that is indistinguishable from the original.

The divisionof an information flow into parts is calledversemultiplexing. There are a number of
different schemes for inverse multiplexingnk aggregation roup (LAG)yirtual concatenation
(VCAT), etc). Some schemes take advantage of other characteristiesiafdrmation flow such as

the nature of thepacket. The scheme provides distinct properties and also distinct measures.
Regardless of the specific scheriee essential model is the same.

In the case of the LAGIt is possible to use some of the bearergrotect others by simply
overprovisioning. Again, this does not change the essential nadehay change the encapsulation
and certainly affects the parameters and measures.
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In Figure B.2-16:

| The "Expanded Representation” diagram shows a vieweokssential model ohverse
multiplexing as an arrangement of basic generalized fumtio

A The FC is shown with a selector that operates at signal rate selecting fragment by
fragment from different inputs (where the fragments may be packets, frames fr
fragments) and feeds this as a stream towards the client.

This form is overly complex and there is opportunity for simplification

| The "Encapsulated FC and CSC" diagram shows the chosen simplified form where the C&SC
and the FC have been encapsuatethe LTP

A This encapsulation could be exposed within the spec of an LP of the LTP or could be
summarized as attributes of the LP of the LTP

This is the model fomversemultiplexing.
| There are two specific cases shown dealing with differeritiplicities:
A 'nclients and n "channels" on the server' shows the use of the full "Encapsulated.." model
A '1 client and 1 "channel" on the server' shows the most reduced form
The most likely case is 'n clients and 1 "channel” on the server.

Client _\

i

A

1
.- i - o n clients and
C&SC - L‘l‘|" _____ '_‘,‘__' n "channels" on server
1

I
§

Server

Switches select queues
and feed queues

1 client and

Expanded representation Encapsulated FC and C&SC 1 "channel" on server
Key ) - Some degree of
ControlChoosesSwitchPosition LtpHasServerLtps ~—— FcPortConnectedToLtps D termination/adaptation/
—— CascPortConnectedToLtps = LtpHasClientLtps queuing

G.7711-Y.1702(18)_FB.2-16

Figure B.2-161 Represenation of inversemultiplexing
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B.2.2.4 Clock, timing and synchronization

FigureB.2-17illustrates the essence of the timing synchronization flows in terms of the model classes
and associations from a nodal perspective. The case shamtantionally complex including clock
protection.

C&SC
G
e
Ij |j G.7711-Y.1702(18)_FB.2-17
Key
» ClockFeedsLtp ~—p ClocksInPhaseAlignment A Implied port O Clock
— LtpHasClientLtps —— Signal flow T Implied FC o
ControlChoosesSwitchPosition — FcPortConnectedToLtps E LayerProtocol
— CascPortConnectedToLtps — ClockEncompassesClock === Implied Signal flow

Figure B.2-171 Clock and timing synchronization

FigureB.2-18 shows only the model classes and associations (the signal flow is not shown).
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C&SC

G
G
Key
—— ClockFeedsLtp —>

= LtpHasClientLtps
ControlChoosesSwitchPosition —»
— CascPortConnectedToLtps —>

G.7711-Y.1702(18)_FB.2-18

ClocksInPhaseAlignment O Clock
FeSwitchSelectsFcPorts 0¢

FcPortConnectedToLtps E LayerProtocol
ClockEncompassesClock ===+ Implied Signal flow

Figure B.2-181 Clock and timing synchronization (only the modelis shown)

FigureB.2-19 shows a simpler case where there is only a single clock in the device.
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Figure B.2-197 Clock and timing synchronization with a single clock
(only the modelis shown)

The detailed representation shown above is somewhat cumbersome. A more compact approach is to
use a combination of SchemeSpec (8emex G) and ProcessingConstruct (s&enex K). The
SchemeSpec is used to represent the pattern detail of the scheme arferteassingConstruct form

of the scheme can be related to the scheme providing fewer instances in a simpler form (a detailed
view of a use of this technique is providedinnexE (for ITU-T G.8032 protection).

Examples of use of the model are providedppendixXI andAppendixXIl .

B.2.2.5 Termination in the media layer

Figure B.2-20 shows a laser with a back diode allowing direct measurement of the light from the
laser. The actual lasing element is represented by an FC as discussed in aclaasiefhe
electronic functions are represented as terminations. The overall effect of the electronic to photonic
transition is termination.

The electronic to photonic and photonic to electronic transitions bound the photonic media layer.
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