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Recommendation ITUT G.7711/Y.1702

Generic protocokneutral information model for transport resources

Summary

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

The 2016 edition of this Recommendation changed the document structure, atleepesimental

address structure to the foundation model, changed the name of TopologicalEn
ForwardingEntity, incorporated ForwardingConstruct (FC) under Forwardingtnii considers F(
as closely related to topology, added the resilience model, added the equipment model and ¢
specification model.

The 2018 edition of this Recommendation enhanced the forwarding and termination, four
topology, resilence, quipment and specification models, added the control, operations pi
processing construct, constraint domain models, and also updated the model description ap|
Clauses 1V.6,"Synchronization management mddahd 1V.7,"Media management modelhave
been removed from this edition as they are now covered by separate Recommendations.

The 2021 edition of this Recommendation has added Annegih@&Party model AnnexN, the
Location modeland Annex Q the Foundationi State It also improves signiantly the model
structureto alignthe UML with the documents. The molley tool has been upersioned to Eclipst
4.13.0 (201909) and Papyrus 4.5.0.
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telecommunicaions information and communication technologies (ICTBhe ITU Telecommunication
Standardization Sector (I'T0) is a permanent organ of ITU. IFU is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

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

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

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

NOTE

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

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., intemapility or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. Thshaltdsr some other
obligatory language such &sust and the negative equivalents are used to express requirefftemisse 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 that the practice or implementation of this Recommendation may involve
the useof a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents/software copyrights, which may be required to implement this Recommendation.
However, implementers are cautioned that this may not septehe latest information and are therefore
strongly urged to consult the appropriate TUdatabases available via the U website at
http://www.itu.int/ITU-T/ipr/.
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Recommendation ITUT G.7711/Y.1702

Generic protocol-neutral information model for transport resources

1 Scope

This Recommendation describes a core information model (IM) of transport resources. An IM
describes the things in a domain in terms of objects, their properties (represented as attnutes)
their relationships. This IM is intended to be applicable to the management and control of the transport
network regardless of whether the transport networks utilize traditional operation support system
(OSS) management [ITT G.7710], an automaticallgwitched optical network (ASON) control

plane [ITUT G.7703 or a softwaredefined networking (SDN) controller to configure transport
connectivity. The model is also applicable regardless of the technology of the underlying transport
network. Furthermoreahe applicability of the IM is independent of the ultimate protocols that will

be used in the management and control interfaces.

The core IM defined in this Recommendation can be used as a basis for the extension of
transport/contretechnologyspecific Ms. Such extension will be specified in technolagpecific
Recommendations, such as those shown in FigureITU-T G.875] for optical transport network
(OTN) managemen{jTU-T G.876 ] for optical media network managemgiiilJ-T G.8052] for

Carrier Ehernet management; [IFTO G.8152]for multiprotocol label switchingransportprofile
(MPLS-TP) management; and [IFU G.772] for MC componentsnanagement.

ITU-T G.7711
(Generic)

(OTN) (Optical media) (Carrier Ethernet)

ITU-T G.875 ITU-T G.876 ITU-T G.8052 series
(MPLS-TP)

[ [TU-T G.8152 series

(Synchronization) MC component/Func (MTN)

G.7711-Y.1702(22)_F1-1

[ITU—T G721 seriesJ [ ITU-T G.7719 J [ ITU-T G.8350 J
( )

Figure 1-17 Example information model extension

A uniform managemeraontrolprotocotneutral core IM for traditional management, ASON control,
and SDN control will ensure consistent operation, administration, maintenance and provisioning
(OAM&P) of the transport network. This will benefit network operators and systemraguotp
vendors by enabling interoperability between S@idtrolled and traditionally managed network
domains and future migration from traditional management to SDN control.

Furthermore, it is essential that the IM be applicable to complex network eleiEs)stiiat may be
deployed in current networks, which requires support of more than a simple nodal view. Examples of
such NEs follow.

T Multi-layer NEs with subnetworks at each layer with transitional links between the
subnetworks.

| NEs that have their matrix partitioned [e.g., to model multiple MSPRING terminations or to
model connectivity restrictions] withnternal' links between the subnetworks.

T Distributed NEs [e.g., a passive optical network (PON)] with a mediation furtctiathow
management visibility of each of thencapsulatédNEs.
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The complexity of these NEs makes it difficult to distinguish between the NE/nodal view and what
is traditionally called the network view. The core IM thus encompasses both nodal and wetwerk
of transport resources.

2 References

The following ITUT Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicatedvere valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listedAdgshwf the currently

valid ITU-T Recommendations is regularly published. The reference to a document within this
Recommendation does not give it, as a staode document, the status of a Recommendation.

[ITU-T G.800] Recommendation ITJ G.800 (201§ Unified functional architecture of
transport networks
[ITU-T G.805] Recommendation ITT G.805 (2000)Generic functional architecture of

transport networks

[ITU-T G.808.1] Recommendation ITU G.808.1 (2014)eneric protection switching
Linear trail and subnetwork protection

[ITU-T G.807] Recommendation ITI G.807 (20B) Generic functional architecture of
the optical media network

[ITU-T G.875] Recommendation IT G.87%5 (2020),0ptical transport network:
Protocokneutral managementfiormation model for the network element
view.

[ITU-T G.876] Recommendation ITOI G.876(2021) Managementequiremerg and
information model for the optical media network

[ITU-T G.7702] Recommendation ITO G.7702 (2018)Architecture for SDN control of
transport networks.

[ITU-T G.7710] Recommendation ITO G.7710/Y.1701 (2020Common equipment
management function requirements.

[ITU-T G.7719 Recommendation ITOI G.77D0 (2021), Managemat information model
for managementontrol components and functions

[ITU-T G.7721] Recommendation ITO G.7721(2018) Managementequirement and
information model for synchronization

[ITU-T G.8021] Recommendation ITO G.8021/Y.13412022), Characterstics of Ethernet
transport network equipment functional blocks

[ITU-T G.8032] Recommendation ITI G.8032/Y.13442020, Ethernet ring protection
switching

[ITU-T G.7703 Recommendation ITO G.7703(2021), Architecture for theautomatically
switched optical network

[ITU-T G.8081] Recommendation ITJ G.8081/Y.1353 (2012)erms and definitions for
automatically switched optical networks

[ITU-T G.8052] Recommendation ITU G.8052/Y.1346 (2018Rrotocokneutral
management infanation model for the Ethernet Transport capable network
element
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[ITU-T G.8152] Recommendation ITI G.8152/Y.1375 (2018Rrotocokneutral
management information model for the MPLB network element

[ITU-T Q.1741.9] Recommendation ITHI Q.1741.9 (2015)MT-2000 references to Release
11 of GSM evolved UMTS core network

[ITU-T X.731] Recommendation ITAT X.731 (1992) ISO/IEC 10164:1993
Information technology Open Systems Interconnectioystems
managementState management function

[ITU-T X.103%] Recommendation ITAI X.1036 (2007)Framework for creation, storage,
distribution and enforcement of policies for network security

[ISO/IEC 195051] ISO/IEC 195051:2012,Information technology Object Management
Group Unified Modeling Language (OM@VL) i Part 1: Infrastructure

3 Definitions

3.1 Terms defined elsewhere

This Recommendation uses the following terms defined elsewhere:
3.1.1 access poinfITU-T G.805]

3.1.2 connection point[ITU-T G.805]

3.1.3 connection termination point[ITU-T G.8081]
3.1.4 information model [ITU-T X.1036]

3.1.5 link [ITU-T G.805]

3.1.6 link connection [ITU-T G.805]

3.1.7 matrix [ITU-T G.805]

3.1.8 media channel[ITU-T G.807]

3.1.9 port [ITU-T G.805]

3.110 subnetwork [ITU-T G.805]

3.1.11 subnetwork connection[ITU-T G.805]

3.1.12 termination connection point[ITU-T G.8081]
3.1.13 trail termination [ITU-T G.805]

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

3.2 Terms defined in this Recommendation
None.

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

API Application Programming Interface
ASON Automatically Switched Optical Network
AVF Agile Value Fabric

BMCA Best Master Clock Algorithm
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CASC
CIM
CP
CRUD
CTP
DSGL
DS
ECC
EMS
E-NNI
FC
FD
FDFr
FPGA
FRE
FRU
FTP
GUID

IMP

LP

LT

LTP

MAC

MC

ME

MEP
MFDFr
MPLS-TP
MSPRING
NE
NFRU
OAM
OAM&P
OCL

oS

0SS

Corfiguration and Switch Controller
Common Information Model
Connection Point

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

Embedded Communication Channel
ElementManagement System
External Network to Network Interface
Forwarding Construct

Forwarding Domain

Forwarding Domain Fragment

Field Programmable Gate Array
Frame Reference Event

Field Replaceable Unit
FloatingTermination Point

Globally Unique Identifier
Information Model

Inverse Multiplexing

Layer Protocol

Layer Termination

Logical Termination Point

Media Access Control
ManagementControl

Maintenance Entity

Maintenance Entitgroup end Point
Matrix Forwarding Domain Fragment

Multiprotocol Label Switchinglransport Profile

Multiplex Section share Protection Ring
Network Element
Non-Field Replaceable Unit

Operation, Administration and Maintenanc
Operation, Administration, Maintenance and Provisioning

Object Constraint Language
Operation System
Operation Support System
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OTN Optical Transport Network

PC Processing Construct

PON Passive Optical Network

PTP Precision TimeProtocol

Rx Receiver

SASE Stand Alone Synchronization Equipment
SDN SoftwareDefined Networking
SDO Standards Development Organization
SNC Subnetwork Connection

SNP Subnetwork Point

SSM Synchronization Status Message
TAPI Transport API

TCP Termination Conaction Point
TPE Transmission Path Endpoint

TRI Transport Resource Identifier
TTP Trail Termination Point

TX Transmitter

UML Unified Modelling Language
UuID Universally Unique Identifiér
VCAT Virtual Concatenation

VM Virtual Machine

VMM Virtual MachineMonitor

XC CrossConnection

XML Extensible Markup Language

This Recommendation also uses the following abbreviations and acronyms anéich the name
of the model constructs, such as object class. These names follow the Unified Mbdalugge
(UML) naming convention, i.e., UpperCamelCase.

FC ForwardingConstruct
FD ForwardingDomain

LP LayerProtocol

LTP LogicalTerminationPoint
MLSN MultiLayerSubnetwork
NCD NetworkControlDomain
NE NetworkElement

1 See [BUUID, 2017].
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5 Conventions

5.1 UML modelling conventions

The information model (IM) defined in this Recommendation is expressed in a formal language called
UML, which was developed by the Object Management Group (OMG). It is a general purpose
modelling language in the field of software engineering. In 2000JME also became subject to
[ISO/IEC 195051].

UML defines a number of basic model elements, called UML artefacts. In order to ensure consistent
modelling, only a selected subset of these artefacts is used in the development of the
ITU-T G.7711/Y.1702 IMThe selected subset of UML artefacts is documented in Annex A.

5.1.1 Note on reading UML diagrams

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

| Association end attribute (the nanof 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 thediagrams. The attributes for noravigable ends (owned by the association) are
not shown.

T On some occasions, other properties of the association end attribute are also shown.

InFigure51, t he text at the arr ow h eadTermaaidn Pointp é i
(LTP).

«OpenModelClass»
] Logical TerminationPoint

1

LtpIncludesLayerProtocols

1..*w +_lIpList {ordered, unique}

«OpenModelClass»
=] LayerProtocol

G.7711-Y.1702(22)_F5-1

Figure 5-17 lllustrating navigable association end attributes

This attribute is shown in the fragment of abbreviated data dictionary in Tallefob
LogicalTerminationPoint (LTP).
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Table 5171 Attributes for LogicalTerminati onPoint

Lifecycle stereotype

Attribute name (empty = Mature)

Description

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

This sort of table is used gach of the Recommendations on a section of the model. Such tables only
provide summary information. For full information, the reader should refer to the data dictionary
(seeAppendixll).

5.2 Model artefact lifecycle stereotype conventions

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 this Recommendation:
| "experimentdl

Indicates that the entity is at a very early stad 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 and is likely to change,
but is mature enough to lbsed in implementation.

If no stereotype is shown, the entity is mature. See clause A.1 for more detalils.

5.3 Forwarding entity terminology conventions

In this Recommendation, the terms Forwarding Domain (FD) and Forwarding Construct (FC) have
been used iplace of the traditional terms SubNetwork (SN) and SubNet@arknection (SNC),
respectively.

54 Conditional package conventions

Conditional packages are used to enhance (core) object classes/interfaces with additional
attributes/operations on a conditad 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 the stffxac.

5.5 Pictorial diagram conventions

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

This Recommendation also contains a number ofuigh. diagrams, which use the symbols listed
in Figure 52 in pictorial representations of network examples.
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Alternative Primary Meaning
symbol symbol

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

FC (emphasizing FcPortsC wich supports 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 I Two protection switches

@ FC decomposition (half switch) showing, in grey, an that are inverse ganged

FcPort that can share an LTP with another FcPort ~ -----
—— 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 C&SC | Configuration and switch controller
: FeSwitch showin,
Adjustabl lated FC - wing
Justable encapsulate - common point (black dot)
- Described in spec onl
Fixed encapsulated FC nascu sebgeld

- selectedFcPortRefList
- Current switch position (red line)

- switchSelects
- 1= input to switch selected (shown)
- 0 = output selected

AP [Is ITU-T G.805 AP]

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(22) F5-2

Figure 5-27 Network diagram symbol key

In addition, the following symbols and labelspicted in Figure 8 are used in the diagrams related
to media:

8 Rec. ITU-T G.7711/Y.1702 (02/2022)



Se Signal (electrical) d Attenuator
IS)p ilgn al (p;hoto'm(;) =2 Directional attenuator

e t

ump (elec rlc_a ) <> Bidirectional attenuator

Pp Pump (photonic)
La Laser d Omnidirectional attenuator
Pd Photodiode 5 Tuneable filter/laser/receiver
g Glass <> Amplification
C.“ C.o.pper _\_ Filter
§1 Silicon etc. Asymmetric attenuating filter
ed Erbium doped fibre

LayerProtocol inside an LTP

Phase modulator "LtpPort” (see TR-512.A.2)

deflx

Omni-directional A combiner/splitter/amplifier complex in a photonic LTP/LP

Unidirectional

Bidirectional (when no symbol is shown, assume bidirectional)

Amplification
Circulator

Phase change (or where highlighted "the empty set")

Termination
Connector with "transmit" pin o and where the pin is one of many
FC with band pass filter

Media strand Strand = and where the strand is inside the equipment

| Mutti-strand span | Multiple strand span

L = d

—

| Access port

e —

G.7711-Y.1702(22)_F5-3

Figure 5-31 Additional media diagram symbol set

6 Model overview

This clause provides an overview of the core model of the Common information model (CIM) and
also the structure of the model description documentation.

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

The description of the model is broken down into a set of annexes progressing through the model,
from the basics of transport forwarding and termination to a description of the aatjorent
mechanism of the specification model.

Clauses 6.1 to 6.11 provide some brief highlights from the associated annexes.

6.1 Development and use of the ITUI G.7711/Y.1702 Generic information model

Figure 61 provides an overview of the CIM and how thepose specific information model (IM)
views and data schema (B%Yye related to it. The term DS in this Recommendation is used in the
context of either (1) a specific protocol that is used to implement a purpose specific interface or (2) a
programming dnguage 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 ultimately mapping to a DS will also be provided.

2 The term data schema is used instead of data model, since the term data model is also useconéexider
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Common information model

Care model fragment Interface creation process

* Forwarding subset 1
* Termination subset — ~ | View of the

Map Data schema Map .lnterface
instance 1

» Foundation subset

Prune/refactor common for interface 1
IM for a

particular Interf:
M nterface
purpose ap > instance 2

model

Application 1 (e.g., storage)
model

|
|
|
|
|
|
|
| | Technology (e.g., OTN)
|
|
|
|
|
|
|
|

/ \ \\\\ 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

Figure6-1 1T Met hodol ogy of i nformation model a

6.1.1 Common information model

An information model describes the things in a domain in terms of objects, their properties
(represented as attributes), and their relationshipsCiMeshould be expressed in UML and include

all of the artefacts (object classes, attributes, relationships, etc.) that are necessary to describe the
generic and domains for the technologies/applications being developed.

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

To allow these extensions to be made in a seamless manner, the CIM will be structured into a generic
core mode (known by the number of this Recommendation, i.e.,-M&.7711//Y.1702) and a
number of models which are specific to the forwarding technologies (such as OTN 4 [BI&75],

Ethernet in [ITUT G.8052], etc.) and applications (such as ASON controleplannagement in

[ITU-T G.7718.1]). This modelling process is intended to allow these extensions to be developed
with as much independence as possible.

) Generic core model

The artefacts in the generic core model (IT.7711/Y.1702) will be used as a eanodel

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

As a result of advancements in the industry, it may be recognized that some parts of the
generic model may need to be augmented or changed. This Recommendation will ensure that
any such areas are clearly ideietif using lifecycle stereotypes. The older model forms will

be maintained to ensure ongoing compatibility and to ease migration.
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| Technology/Application models

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

In some cass, an artefact in a model initially considered to be purely for a single forwarding
technology or application may be subsequently recognized as common across several
technologies or applications and hence there will be a need to migrate (promotegthcs art

to the generic model.

To ensure coherence, any artefacts, attributes or associations that might be identified during the
development of forwarding technology or application models should be included in the appropriate
fragment of the CIM. Only thogaroperties that relate to the specific encoding or style of interaction

of an interface may be added outside the CIM.

6.1.2 Purpose specific information model view

An interfacepurposespecific information model view is a subset of the CIM and shouékpressed

in UML. A purpose specific information model view is typically much smaller than the entire CIM.

If additional artefacts (objects, packages, attributes or associations) are identified while establishing
a specific view, these should be addedhe &ppropriate 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 CIM to provide a model of the network to be managed.
Only those artefacts that represent the capabilities that are both in scope and supported are
include in the purpose specific IM.

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

Pruning and refactoring provideparpose 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 that will use that IM. For example, a user group libkpdmsnetwork
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 read access (i.e., can see
the network, but cannot make ciges).

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

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

A Remove any optional associations that are not required.
T Refactoring, i.e., reduce association flexibility:
A Reducing multiplicity (e.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 the attributes of the subordinate class intsuerior class.

A Where possible reducing the depth of the inheritance (i.e., by combining object classes
by moving the attributes of the super class into the subclass).

Rec. ITU-T G.7711/Y.1702 (02/2022) 11



A Add reverse navigation (if useful for the client)

3 The common IM only supports nadtion 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 implementation, it is
frequently useful to be able to navigatee relationship between superior and
subordinate object classes in both directions.

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

If only one group will use the network specific IM, then this step is not required. If more than
one group will use the network specific IM, this optional step provides a profile for each user
group to:

A Convertsome 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 Data schema

A DS is developed in the context of either (1) a specific protocol that is used to impeemepbse
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 interface encoding.
The DS is constructed by mapping of thepgose 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 data structures taken directly from the purpose specific
information model view with no further adjustment.

The development of the DS should consider the following:

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

A Use lifecycle dependeies to ensure a sensible interface operation structuring and
interface flow rule

A Use a transaction approach style of interface to account for lifecycle dependencies of the
model.

| The operations should abide by the attribute properties

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

T Use of attribute value ranges, etc. to allffort’ staement, optionality and negotiation to
be supported by the interface.

6.1.4 Interface encoding

This step encodes either the purpose specific DS or a purpose specific IM into either a specific protocol
that is used to implement a purpose specific intedaegprogramming 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 must be added as described inécla8se
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6.2 Core Network modeli Forwarding and termination model

The forwarding and termination document provides a-teghl overview of the termination and
forwarding aspects of the CoreNetworkModel. This model is essentially a canonical model of
networking from a managemeoontrol pespective. Figure & is a skeleton class diagram
illustrating the interrelationships between key object classes defined in the CoreNetworkModel of the
CoreModel. The classes are coloured to help recognize key groupings in the model. The colours are
choserto match the key entity colours in Figur&bNetwork diagram symbol key (with the link in

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

HigherLevelFdEncompassesLowerl evelFds

¥+ lowerLevelFd

FdAggregatesLtps - <OpenModelClass» +_lowerlevelFd  LinkEncompassesL owerl evelFds
[ ForwardingDomain A <Experimental]
FdHasF dPorts
[Prefiminary, StictComposites
01 I FdEncompassesLowerl evelLinks
LinkHasAssociatedF ds
+ _fdPort "
«OpenModelClass, Prelimin... * |+ lowerlevellinly/
- H Fdport o 1
OpenModelClass- ~OpenModelClass»
NN |
Ol LinkPort |+ _linkPart H tink +_supportedLink
2% LinkHasLinkPorts -
I «StrictCompasites :U“l
LinkPortTerminktesOnltps 0.1 + Jowerlevellink
FdSupphrtsFes sExperimentals
LinkPortSypportsFcPorts LinkEncompassesLowerL evelLinks FcSuppprisLink
MoLtp P <Prelirinary»

LtpHas ClientLtps

LipRelatestToL tpinOtherView Should this be ?
LtpHasServerl tps P P == FdsupportsFcs
; / LinkSugpertsFes

e severltpy 00 - itpY + wpYo.2 |- Y+ _itpInOtherView Expesimental»
<OpenModelClass. -
LtpHasPeerltp 0.1 H Logical "<

+_connectedLtp FeHasLowerl evelFes
0.TLtpConnectsTaPeerltp

0.1 + fePort W+ N/ 4 feport g e (v« Y+ lowerlevelfc

+_peeltp 0.1 «OpenMadelClass» |+ fcPort 1 «OpenModelClass + fe

0.2 FcPortConnectedTolt H FePort > FeHasFcPorts | = ForwardingConstruct [*
e - «StrictCompaosites

m? « R+ _clientltp 1

LtpincludesLayerProtocols

«p Y1.r

«OpenModelClass»
é LayerPratocol

Source Papyru€oreModel diagram: ForwardirgpinterLayerSkeletonOverview.

Figure 6-21 Skeleton class diagram of key object classes

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

6.3 Core Foundation model

The Core Foundation model in Annex C provides a detailed view of all aspects of the core model that
are relevant to all other parts of the CIM. Currently this manidlides coverage of naming and
identifiers as well as states.

6.3.1 Naming and identifiers

Figure 63 illustrates theationalization ofthe approach to naming, identification and addressing of
entities described in the CIM.
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+«OpenModelClass, Deprecateds OpenModelC OpenModelCl I
MNetworkElement E LogicalTerminationPoint ] ForwardingDomain ELink

55 + localld: NameAndValue [*]

5 -+ wwid: Universalld [1]

5 + name: NameAndValue [1.]

(3 + label: NameAndValue ']

3 + extension: NameAndValue [*]

) <Experimentals + address: Address [*]

| 3 !

NameAndValue «OpenModelClass»

OpenMadell OpenModelCl
] ForwardingConstruct ] FeRoute

«Openiode(Class, Preliminary>
[c3 + valueName: String [0..1] . OfGlobalClassinstance 01 GlobalClass + _globalClass ] Universatidauthority
ek St U] s ocatid 55 «OpenModelAttributes + uid: Universalld [0..
+_globalClass | 3 + uuid: Universalld [1] 1
NameAndalueHasNameAndValueAuthority LocalClassinstancelsLifecy cleBoundedByGlobalClpssinstance +_gLoballdAuthority
<Prelipinary: <Experimentals
0.1 + _nameAndValueAuthority J7 Prelifminary»
«OpenMadelClass, Preliminary- «OpenModelClass. «OpenModelClass» «OpenModelClass. «OpenModelClass.
NameAndValueAuthority E Name E Label E extension H Address DataTyper
53 + uuid: Universalld [1] £ + name: NameAndValue [1.] 5. + label: NameAndValue ['] 3 + extension: NameAndValue ['] 53 <Experimental: + address: Address ['] Universalld
5 +value: String [1]
«OpenodelClass» «OpenModelClass, Experimentals
LocalClass ConditionalPackage
OfLocalClassinstance 0.1 B + logalld: NameAndValue [1.*] -
+_localClass
+OpenModelClass» «OpenModelClasss OpenModelClass» +OpenModelClasss
é LayerProtocol FePort FeSwitch £ LinkPort
“DataType. <DataType-
<Experimental: «Experimental
[ Address NameAndClass
5 <Experimentals + adiressName: String [0.1] 5 <Experimental> + classOfinstance: String [1]
= - 1.%] {ordlered) (5 <Experimentals + name: NameAndValue [1]
0.1 +_address
eExperipentaln «DataTypes

AdressElementlsAddress «Experimentals
LocalldAndClass

0 5 «Experimentals + classOfinstance; String [1]
(54 «Experimentals + lacalld: NameAndValue [1]

«DataType:
«Experimental, Choices
ddressElement
&+ addressElementName; String [0.1]

& + localld: LocalldAndClass [0.1]

4 + uuid: Universalld [0..1]

54 + name: NameAndClass 0.1]

S+ arbitraryElement: String [0..1]

Source Papyrus CoreModebgdram: Foundatic’tommonPackagesNoNotes

Figure 6-31 Overview of Naming and Identifier of Objects
6.3.2 States

Figure 64 shows the d&sic states applicable to a majority of entities in the CIM.
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«OpenModelClass, Preliminary» «OpenModelClasss
K state_Pac { GlobalClass
4 «Matures + operationalState: OperationalState [0..1]
Eg «Matures + administrativeState: AdministrativeState [0..1]
(= «Preliminary» + assignmentState: AssignmentState [0..1] ] «OpenModelClass»
Q LocalClass
«Enumeration= «Enumerations
«Matures «Matures
AdministrativeState OperationalState
=1 «Mature» LOCKED =1 «Mature= DISABLED
=1 «Mature= UNLOCKED =1 «Mature= ENABLED
= «Preliminary= SHUTTING_DOWMN

«Enumeration: These states are derived from the definitions in ITU-T &
«Preliminarys Recommendation X.731 “Information Technology —
AssignmentState Open Systems Interconnection — Systems

= «Preliminary= PLANMED Management: State Management Function”

= «Preliminarys POTENTIAL_AVAILABLE including amendments 1 and 2. This _

=1 «Preliminary» POTENTIAL_BUSY Eecnmmendatmn and its amendments are available

- rom:

g :'I;::::z:::g: ::’:E.III—?I:(EI_}WFI'I-IDRAWAL http:/ fwww.itu.int/rec/ T-REC-X.731/en

=1 «Preliminary> UNAVAILABLE

= «Preliminary=> PEMDING_WITHDRAWAL_FREE

= «Preliminary» SCHEDULED_CAPACITY_CHANGE

= «Preliminary» SCHEDULED_WITHDRAWAL

Source Papyrus CoreModel diagram: StawiModel.
Figure 6-41 States for all objects

6.4 Core Network modeli Topology model

The Topology model in Annex D provides a detailed view of the topology model covering both the
basic topology pattern with detailed attributes as well as the combination of layeredyyoantb
topology views. See Figures%and 66.
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Nelncludesltps

+_ne | «OpenModelClass, Deprecated»

«Deprecated»

FdAggregatesltps
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* NetworkElement
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NeEncomjpassesFds

«Deplecated»

" o+ _fd

+ _lowerLevelFd
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«OpenModelClass»
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«OpenModelClas...
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+ _logicalTerminationPoint
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1.7
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LayerProtocol

+ link} *
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«OpenModelCla...
ForwardingEntity

Source Papyrus CoreModel diagram: TopolbtighLevelOverviewOfStructurdargeText.

Figure 6-57 Key classes that form the network topology
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CoreModel Diagram
FdRecursionWithLink

Shown b)’ ForwardingDomain HigherLevelFdEncompassesLowerLevellFds
nesting (e.g., A is in B) e i
L Allows for
~ " : multi-ended
’ < «OpenModelClass» links

-= ] ForwardingDomain

FdEncompassesLowerLevelLinks

—
FD A encompasses ¢ A _ /7
5 links

LinkHasAssociatedFds

-

L e * W o
Represents link at «OpenModelClass»
“ boundary of = Link

ForwardingDomain

«Experimental»
LinkEncompassesLowerLevelLinks

Showing experimental
Link recursion

1ty
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(22)_F6-6

Figure 6-6 1 ForwardingDomain recursion with Link 3

6.5 Core Network modelT Resilience model

The Resilience model in Annex E provides a view of the model for resilience (including protection
and restoration) and encompasses:

| The basic resilience model structure.

i The key attributes relevant tesilience.

i The application of the resilience model to various cases.
Figure 67 shows theelevantkey classes

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 change and an FD may move from being

encompassed by one FD to being encompassedadbyeaanConsider the numbering as simply a view of the
current structure.
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6.6

Source Papyrus CoreModel diagram: ResilieRagern.
Figure 6-7 1 Basic resilience pattern

Core Physical model

The Core Physical moten Annex F provides a view of the model for physical objects (including
equipment, holders and connectotit)

Introduces the Physical model structure

Describes the key classes of the Physical model

Explains the attributes of the Physical model

Describes the relationship between the connector and the LTP

Shows how the model deals with the relationship between physical and functional views
Explains how the Specification model describes equipment schemes (e.g., rules)
Highlights work in progess to further advance the Equipment model.

Figure 68 shows thaelevantkey classes
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Source Papyrus CoreModel diagram: Equiprfeaitern.
Figure 6-81 Basic equipment pattern

6.7 Core Specification model
This clause provides a higavel overview ofthe Core Specification model. Details of the model are
provided in Annex G. There are several related needs that have given rise to the Specification model:
i Provide machinenterpretable form of specific localized behaviour:

A Representing ruleelated to restrictions of specific cases of use of the model

A Representing capabilities of specific cases of use.

T Enable the introduction of run time schema where the essential structure of the model is
known up front (at compile time), but the detaifte not.

| Reduce the clutter in a representation where a set of details takes the same values for all
instances that related to a specific case.

T Allow leverage of existing standards definitions (e.g., technology/application specific) in a
machineinterpretable language.

The combination of these needs resulted in a separation in the model of definitions of structure and
content, such that an instance of classes from one model fragment could point to another model
fragment to enable the provision of agnaent of definition of the class and of subordinates.

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

The following dedicated spec structures have been considered:
| FC spec: Main focus is to provide a representation of the effective internal structure of an FC.

T LTP and LP spec: Main focus is to provide a representation of Layer Protocapé&étic
parameters for the LTP.
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| FD and Link spec: Main focus is on capacity and forwarding enablement restrictions.
| Equipment spec: Main focus is to provide a representation of equipping constraints.

T Scheme spec: Main focus is to provide a med@mario describe any pattern (arrangement)
of entities from the model for some specific purpose (e.g., to describe the structure of a
[ITU-T G.8032] protection scheme.

Figure 69 shows theelevantkey classesf the spec model of LTP and LP.

wwwwwwwwwwwww
Logpeatemimsionpat|  Uppecipofetip

e

Source Papyrus CoreModel diagram: SpgaCapabilitySpecWithLtp.

Figure 6-91 Class diagram of the spec model of LTP and LP

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

6.8 Control model

The ONF architecture f®ONF TR521] talks of a recursion of control aligning well with the more
general concept of the managemeoitrol continuum from [BTMF 1G1118]. The control model in
Version 2 of the core model showed a traditional hierarchy rather than a generalized recursion.

Over many years it has become apparent that the traditional representation of the Network Element
and ofthe Managed Element was not correct. It is clear that, from one perspective, the Network
Element is simply a lowdevel member of the Managemeibntrol Continuum (MCC). It is also
apparent that all other aspects of the NE are covered by other paesnoddel.

It was concluded that the NE should bemreddled as simply a control capability and that that
capability should be generalized so that it could handle all aspects of the Management Control
Continuum.

Figure 610 shows theelevantkey classesf the control model.
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Figure 6-107 Core control model

As explained Annex H, the classes SdnController, NetworkControlDomain and NetworkEment
have been reassessed and deprecated and new classes have been developed in this release to reple
them. It has been recognized that a uniform recursive model of control dauddeped that provides

a consistent treatment of what were previously seen as completely different things.

6.9 OAM model

This document is not part of this release, it will be provided in a later release. The document will
provide a view of the muliechrology OAM model.

6.10 Operation pattern model

The work has been carried out with the assumption that the future is cloud oriented such that the
controllers are an interconnected system of cloased components. It is assumed that in a cloud
environment tk operations will b&outcomeoriented interactior? where the focus is on stating the
constraints that form a boundary that defines the desired target. In outciemied interaction the
operations/methods/activities/tasks used to achieve the destmnauare 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 possible. Hence the essential need of any interaction is the provision of information
about the desed outcome in terms of constraints and potentially in the context of some expected
initial system state. Whilst the content of any message may differ per interaction the structure will be
consistert

4 The Network Element scope of the direct interface from a SDN controller to a Network Element in the
infrastructure layer is similar to the EM&NE management interface definedtlire information models
[ITU-T G.87] (OTN), [ITU-T G.8052] (Ethernet), and [ITT G.8152] (MPLSTP).

5 Intent is an outcomeriented form of interaction.

6 Again, human language is a good analogy. The grammar remains constant, simple and repeating but the
vocabulary is broad and changes/grows often rapidly.
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| The Operations pattern model is intended to progidiynamic sophisticated structure that
has"foldaway' parts.

T The aim is to provide one structure:
A For all outcomeoriented constraiAbased forms including 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 other separate
interactions

3 Are long lived or short lived (where the life may depend upon theasatsenay
not be knowable before the request.

T The aim is that the model will be used to generate schema where there is a continuum of
compatible schema from the most basic simple CRUD (Create/Read/Update/Delete) forms
to the most sophisticated forms subht the CRUD form can be seen as a tiny subset of the
sophisticated form.

Figure 611 shows the model of the request.
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Source Papyrus CoreModel diagram: OperaStmcture.
Figure 6-1171 Structure of an operation (request)

6.11 Processing construct modl

The ProcessingConstruct (PC) represents generalized functionality. The PC is used in conjunction
with the ConstraintDomain (CD) that groups PCs and constrains their usage. In addition to being
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general applicable to represent functionality that is nimigoeodeled in detail the PC and CD form
the fundamental pattern that allows an important transition in the representatideate.

In the CIM there are already separate classes for special types of functions:
| ForwardingConstruct to represent forwarding functionality,

| LogicalTerminationPoint to represent termination, and

T ForwardingDomain to represent forwarding scope constraints.

ProcessingConstruct is in addition to these concepts and is to be used wheegahfunction of
interest is related to processing rather than forwarding of information.

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

T Memory

T CPU

T Storage.

Another use for RrcessingConstruct 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 each routing protocol. Each routing process instance peers indepemdenging
ProcessingConstruct the actual control plane topolagie$e shown

7 Here the termdevice is usedin a loose and undefined manner to aid in the discussion. The term is not
defined because it is not important for our discussion, the generally understood concéiptaatsuf
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Source Papyrus CoreModel diagram: ProcessingConstaret.
Figure 6-1271 Processing construct and constraint domain core model

6.12 Software model

The software model providesrepresentation of software aspects of network devices and compute
hosts, and can be split into two broad areas:

1) Software inventory (similar to hardware inventory)
2) Software functionality (equivalent taunning hardwarewhich isnot explicitly modelled in
the CIM)

Figure 6-13 shows the support for a Virtual Machine.
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Figure 6-1371 Skeleton Class Diagram of key object classes

The Software model strengthens linkage betweemwsamther parts of the model, so that the model
can:

Show how running software provides functionality (similar to running hardware)

Support management of memory, CPU and storage capacity (related back to its usage by
running software)

Show howthe combination of hardware and software together produces functionality

Consistently represent software running directly on hardware CPU and memory as well as
thevirtual machine monitor\MM ) / virtual machine YM) and container cases

o Do o P>

In combination with other parts of the software model further supports the representation of functions
emerging from a equipment.
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Figure 6-141 Software model in context

Note that there are aimber of scenarios that the software model should cover, including:
Hypervisor/VMM as running software hosts VMs

VM as running software hasguest operating system

operating system as running software enables running applications

VM image is instided element

(Linux) container as running software enables running applications

Software agent as running software

Container engine as running software hosts containers

Container as running software enables running applications

Container imagés installed element

To o o o To To Io Do Do

Various examples are provided in Appendix XVI.
Figure 615 shows theelevantkey classesf the control construct pattern.
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Source Papyrus CoreModel diagram: Con€ohtrolConstructPattern.

6.13 Party model

Figure 6-157 Key modelclasses

The Party model focusses on concepts relatingvte’. Recording information about a person will
be useful, but in business, many interactions are done via legal (company) entities.

The model links the company organization to the people i@m and who interact on its behalf.
The common modelling term used for both person and organization is party.

It is intended that the model be augmented with specific party structure and details.

Figure 616 shows theelevantkey classesf the Party model.
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Source Papyrus CoreModel diagram: Party.

Figure 6-161 Party model
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6.14 Location model

The Location model focusses on concepts relatingvheré something is. All location related
information is modelled to be referenced from the rest of the model as required.

The model supports both textual based and-beged locations. It also supports locatibmzrnal
to a building as well asutsidelocations.

This model covers the most common alternatives for external location:

A (named) site

A (postal) Address

A (Geospatial) position (such as GPS coordinates)

For internal locations, the model will cover:

A Local address (such as a bin location in aalvause)

A (local) position in a cartesian reference system (often relative to an internal reference point,

and more accurate than GPS)
It is intended that the model be augmented with specific location structure and detalils.
Figure 617 shows theelevantkey classesf the Location model.
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Source Papyrus CoreModel diagram: Location.
Figure 6-17 1 Location model

6.15 Storage

This document is not part of this release, it will be provided in a later release. The document will
provide a view of @eneralized storage model.
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6.16

This document is not part of this release, it will be provided in a later release. The document will
provide a view of a generalized compute model.

CPU andmemory

6.17
Seeclause6.3.2States

Core Foundationmodeli States

7 Other aspects

This clause provides an overview of other critical supporting material of the CIM. These materials
are further detailed in Appendix I.

7.1 Key reference materials

In the development of the CoreModel, information model work fromrdBfi®¥Os has been used as
input, including [BONF TR512], [0 TMF TR215], [6TMF TR225], and [pTMF SID 5LR]. The
CoreModel is being shared with other bodies via various mechanisms including publication of a view
of the model as ETF 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. Thendividual annexes on model focuses provide details on key classes and attributes
but do not provide all details to avoid clutter and replication.

An extract from the data dictionary is shown in Figw®. 7

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

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

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

Table 1. Attributes for ForwardingConstruct

Appendx Il provides the pointer to the data dictionary document.

Attribute Name Type Multiplicity | Access | Stereotypes Description
layerProtocolName OpenModelAttribute ThelayerProtocel at whichthe FC enables
B LayerProtocolName 1 RW * AVC:NA potential for forwarding.
» valueRange: norange constraint
« support: MANDATORY
An FC object supports a recursive
ageregation relationship suchthat the
intemal construction 0fan FC canbe
exposed as muiltiplelowerlevel FC objects
artitioning). Aggregationis used as forthe
_lowerLevelFeRefList . N OPEDM_UdE]Almme [bED to a]lo“gc)haiifmhlerarchy. FC
ForwardingConstruct o.* RW » AVC:NA 1 D Th
+ yalueRange: noTange constraint aggregationseflects FD aggregation. The
+ suppert: MANDATORY FC representsa Cxoss-(_:omecuunm anNE.
The Cross-Connectionin anNE is not
necessanly thelowestlevelof FC
partitioning.

Figure 7-11 Extract from data dictionary
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7.3 Terminology mapping

Table I11.1 provides overview translations from classes in the CIM to classes (and concepts) in other
models. It will be helpful for someone who is familiar with one of thieer industry standard
terminology sets when working through the CIM.

7.4 Core model enhancement

Appendix IV provides fragments of ongoing work. The data dictionary document (see Appendix II)
does NOT include entities from Appendix IV. All the work inggmdix IV is experimental.

8 UML model Papyrus files

The ITUT G.7711Y.1702 v4.0model files are contained in the zip flle7711 v4.0 PAP.zighat
is stored in a repository website and available from the following link:

T http://www.itu.int/itu-t/formal-language/itu-t/q/q7711/2022/G.7711 _v4.0 PAP.zip

The G.7711_v4.0_PAP.zip file consists of the following:

| CommonDataTypes (folder)

i UmlProfiles(folder)

| .project

| CoreCommonDataTypes (including the .di, .notation, and .uml files)
| CoreModel (including the .di, .notation, and .uml files)

T Location (including the .di, .notation, and .uml files)

i Party (including the .di, .notation, angml files)

Also available in the same repository website are the model figures. These figures are contained in
the zip fileG.7711_v4.0_FIG.zipand available from the following link:

| https://www.itu.int/ifa/t/2017/sg15/exchange/wp3/q14/G.7711/G.7711 v4.0/G.7711 v4.0 FIG.zip

The figures in the G.7711_v4.0_FIG.zip file are organized in folders according to the clauses and
annexes of the Recommendatio

NOTET The ITU-T G.7711/Y.1702 UML information models and the Open Model Profile are specified using
the Papyrus open source modelling tool. In order to view and further extend or modify the information model,

the user needs to install the open sourchpge software and the Papyrus tool, which is available at
[b-EclipsePapyrus]. The installation guide for Eclipse and Papyrus can be foun®iNfbTR-515.

The version of the tool that is used to develop G.7711 v4.0 is Eclipse 4.13.60@2048d Papys
4.5.0.
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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 Coremodel

| If the positional bounds of two related concept instances 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.

| If the positional bound of one coept instance is a subset of the positional bound of another
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 oncept and hence be identified as part of the entity for that larger concept in terms of
attributes of that larger concept.

T If the positional bounds of several instances of a concept are all subsets of the positional
bound of another concept to which yhere related for their entire lifecycle and where 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 instandibe (®ame or different types)
is, in the particular case, devoid of anything but identity then it may be represented simply
by associations between the entities representing the two other concept instances:

A The associations may be two way navigablere 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
consisency in the models generated with the aims of a common 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.7711/Y.1702 core nul has been
developed through close collaboration with ONF following these guidelines.

A.l UML modelling guidelines

[b-ONF TR514]: The CIM is expressed in a formal language called UML. UML has a number of
basic model elements, called UML artefacts. ldeorto ensure consistent modelling, only a subset

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

A2 Papyrus and Github guidelines

[b-ONF TR-515] establisheguidelines for utilizing the Papyrus tool used in the development of the
CIM. [b-ONF TR515] 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 Recommendation.)

The focus of this annex is the key parts of the Core Netwmrttelof the CIM. The Core Network
modelcovers the essentials for modelling of the Network providing dh@key classes.

The Core Networknodelencompasses all aspects of Termination and Forwarding. The focus of this
annex is as follows.

| Termination aspects of the CoreNetworkModel coveringribdellingof the processing of
transport characteristic infomtion, such as termination, adaptation, OAM, etc

i Forwarding aspects of the CoreNetworkModel covering the details of forwarding entities

The Core Networknodelalso encompasses a number of other areas which are covered in detail in
the relevant annexes:

| Topology (seéAnnex D covering thenodellingof network topology information in det8il
and describes the attributes relevant when working with #ayléred network topology.

| Resilience (seAnnex B covering thenodellingof alternative paths anavéches including
configuration/control of switching/restoration

A data dictionary that sets out the details of all classes, data types and attributes is also provided
(Appendix ).

B.1 Forwarding and termination model detail

The Forwarding and terminationodel is at the heart of the CoreModel. Figure-Bgrovides a

view of the structure of the model. Further structure related to other aspects of the model is provided
in otherclause (especially relevant are Annex D and Angx The diagram below hidglghts key
interrelationships between key classes defined in the CoreNetworkModule of the CoreModel. The
classes are coloured to help recognize key groupings in the model. The colours are chosen to match
the key entity colours in the diagram symbol segnericed in clause 5 (with the Link in the alternative
colour for clarity). This colour scheme for class diagrams is used in some of the later figures.

8 The information described in this subset candesd for example for path computation and to provide views
of network capacity/capability with information maintained in a topology database.
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Figure B.1-17 Skeleton class diagram okey object classes

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

| Componat-Port: An aspect of the Compone®ystem pattern discussed in AppendixThe
Link, ForwardingConstrict (FC) and ForwardingDomain (FD) have ports.

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

T Port support: If the ports on one clgesy., FD) support the ports of another class (e.g., FC
such that FdPortSupportsFcPort) then there is also a support relationship between the classes
(e.g., FdSupportsFes

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

When applying the information model to a specific interface, only a subset of the overall information
model may be needed. Depending on the scope of the interfaomgof the information model

may be necessary, such as excluding a whole class or part of a class. In adddictoyire of the
selected model artifacts may be necessary to meet the syeoihicse needs. However;faetoring

of the model artifactshould not add semantics beyond those defined in the information model. The
Pruning and Refactoring method is described #@O[F TR-513].

Figure B.22 provides more detail highlighting peer and interlayer associations between LTPs. The
figures in clauseB.2.2, Termination, explain the uses of the associations using simple pattern
examples.

9 Note that the name of this association has lsbanged in this release to emphasise the pattern.
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Figure B.1-21 Skeleton class diagram of key object classes showing layering

The figure ado shows intelayer and intrdayer associations between FD, FC and Link. Details of
FC to link layering and other FC, Link and FD considerations are provided in Annex D.

Note that not all attributes are shown for the classes below (see Appendixlistarf all attributes).
Only those attributes that are relevant for this document are shown.

B.1.1 Termination model

B.1.1.1 LogicalTerminationPoint

QualifiedName:
CoreModel::CoreNetworkModel::LogicalTerminationPoint::LogicalTerminationPoint

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

Inherits properties from:
i GlobalClass

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

Attribute name

Lifecycle
stereotype
(empty =Mature)

Description

physicalPortReference

Preliminary

One or more text labels for the unmodelled physical p¢
associated with the LTP. In many cases, there is no
associated physical port.

ItpDirection

The overall directionality of the LTP.

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

i A SINKLTP can only contain SINK LPs.
T A SOURCE LTP can only contain SOURCE LPs.

_serverlLtp

References contained LTPs representing servers of th
LTP in an inverse multiplexing (IMP) configuration [e.g
virtual concatenation (VCAT)].

_clientLtp

References contained LTPs representing client traffic ¢
this LTP for normal cases afiultiplexing.

_p

Ordered list of LayerProtocols that this LTP is compris
of where the first entry in the list is the lowest server la]

(e.g.,physical).

_connectedLtp

Applicable in a simple context where two LTPs are
associated via a neadjustabé enabled forwarding.
Reduces clutter removing the need for two additional
LTPs and an FC with a pair of FcPorts.

_peerLtp

References containing LTPs representing the reversal
orientation of flow where two LTPs are associated via
nonadjustable endéd forwarding and where the
referenced LTP is fully dependent on the other LTP.

_ItpInOtherView

Preliminary

References one or more LTPs in other views that repre
this LTP. The referencing LTP is the provider of
capability.

_accessPort

Experimental

Provides a reference to the place where the signal is
accessed.

It may represent a physical place (some part of one or
more connectors) or a virtual equivalent where there ig
further protocol layering (visible).

_transferCapacity _Pa

Expeimental

The LTP has as an inherent capacity derived from
underlying capability.

The capacity of a particular LTP may be dependent up
other uses of resource in the device and hence it may
over time.

The capacity of a Link is dependent upon the capadi
the LTPs at its ends.

An LTP may be an abstraction and virtualization of a
subset of the underlying capability offered in a view or
may be directly reflecting the underlying realization.

_ItpSpecReference:Cl

ssRef

Experimental
SpecReference

Providesa reference to a specification which is in the
form of a class definition.
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Table B.1-171 Attributes for LogicalTerminationPoint

Lifecycle
Attribute name stereotype Description
(empty =Mature)

An instance of LTP will reference a class (by a univers
unique id) that provides definition that extends the LTH
including attributes and structure that are present in th
LTP instance but that are not defined in the native LTP
class.

_fdRuleGroup Experimental An LTP can reference FD rules that the FD that
aggregates it also references so that the rules can thel
apply to the LTP.

_embeddedClock See referenced class

_supportingPc Experimental The functionality supporting this entity.

An explanation of the structure and usage of the specification referenceltg8pec is provided
in Annex G. Rules for forming and interrelating LTP instances are provided in cl&u2e B

B.1.1.2 LayerProtocol (LP)
Qualified name: CoreModel::CoreNetworkModel::LogicalTerminationPoint::LayerProtocol

The projection of an LTP into each transport layer is represented by a LayerProtocol (LP) instance.
LayerProtocol instances can be usedctmtrol termination and monitoring functionality. An
instancecan also be used to control the adaptation (i.e., encapsulation or multiplexing of client
signal), tandem connection monitoring, traffic conditioning or shaping functionality at an
intermediatepoint along a connection. Where the cliesgrver relationship is fixed at 1:1 and is
immutable; the layers can be encapsulated in a single LTP instance. Where tharg islationship
between client and server, the layers must be split ovesdparate instances of LTP.

Inherits properties from:
i LocalClass

See Table B-P.

Table B.1-271 Attributes for LayerProtocol

Lifecycle stereotype

Attribute name (empty = Mature) Description
layerProtocolName Indicates the specific lay@rotocol described by the
LayerProtocol entity.
IpDirection The overall directionality of the LP.
i A BIDIRECTIONAL LP will have some SINK or

SOURCE flows.
T A SINK LP can only contain elements 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
_IpSpecReference:Clg Experimental Reference to the specific LpSpec cldss defines the
ssRef SpecReference properties that augment the instance of LP.
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Transport layer protocH! specific properties (such as technology specific termination and adaptation
properties) are not modelled directly in LayerTermination. These attributes are defpedifications

(see Annex G) that are used to augment the model. Where a technology specific termination has a
complex structuring of internal parts, these parts will be modelled in the specification.

B.1.2 Forwarding

B.1.2.1 ForwardingDomain
Qualified nane: CoreModel::CoreNetworkModel:: ForwardingDomain::ForwardingDomain

The ForwardingDomain (FD) class models the topological component that represents a forwarding
capability that provides the opportunity to enable forwarding (of specific transport chigtacter
information at one or more protocol layers) between points. The FD object provides the 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 LTR&@tboundary of the FD or between physical

ports at the boundary of the FD (for media layers). 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 detailedrsicture is not apparent. This grouping and abstraction is potentially recursive.

This aspect is essentially equivalent to fTUpartitioning but this is an aggregation not a
composition, so it allows an FD to be in multiple higher level FDs.

The notion 6 abstraction/grouping assumes that small things are brought together into larger things
as opposed to ITA partitioning that assumes large things are broken down into smaller things.

An FD represents an abstraction of some combination of softvedraviaur, electronicbehaviour

and physical structure that provides a forwarding capability. At a lower level of recursion an FD could
represent a forwarding capability within a device. A device may encompass two or more disjoint
forwarding capabilities and magupport more than one layer protocol, hence more than one FD. A
routing fabric may be logically partitioned to represent connectivity constraints, hence the FD
representing the routing fabric may be partitioned into a number of FDs representing thentenstra
The FD represents a subnetwork [FTUG.800], FlowDomain [TMF 612] and a
MultiLayerSubNetwork (MLSN) [TMF 612]. As in the TMF concept of MLSN the FD can support
more than one laygsrotocol. Note that the ITJ G.800 subnetwork is a single layer enti

Inherits properties from:
| GlobalClass

T ForwardingEntity
See Table B:B.

10 The specific transport technology characteristic information (see-JIT&J805]).
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Table B.1-371 Attributes for ForwardingDomain

Lifecycle stereotype

Attribute name (empty = Mature)

Description

layerProtocolNameList

One or more protocol layerswhich the FD
represents the opportunity to enable forwarding
between LTPs that bound it.

_lowerLevelFd

The FD class supports a recursive aggregation
relationship
(HigherLevelFdEncompassesLowerLevelFds) such
that the internal construction of an FD damexposed
as multiple lower level FDs and associated Links
(partitioning). The aggregated FDs and Links form g
interconnected topology that provides and describe
the capability of the aggregating FD. Note that the
model actually represents aggregatidiower level
FDs into higher level FDs as views rather than FD
partition, and supports multiple views. Aggregation
allow reallocation of capacity from lower level FDs t
different higher level FDs, as if the network is
reorganized (as the associationdgegation not
composition).

_fc An FD aggregates one or more FCs. An aggregated
connects LTPs that bound the FD.
_ltp An instance of FD is associated with zero or more L

objects. The LTPs that bound the FD provide capag
for forwarding.

_lowerLevelLink

The FD encompasses Links that interconnect lower
level FDs and collect links that are wholly within the
bounds of the FD. See also _lowerLevelFd.

_fdSpec Experimental

See referenced class.

B.1.2.2 FdPort

Qualified name: CoreModel::CoreNeorkModel::ForwardingDomain::FdPort

The association of the FD to LTPs may be direct for symmetric FDs and may be via FdPort for
asymmetric FDs. The FdPort class models the role of the access to the FD function. The capability to
set up FCs between the asmited FdPorts of the FD depends upon the type of FD. It is asymmetry

in this capability that brings the need for FdPort. The FD can be considered as a component and the

FdPort as a Port on that component.

Inherits properties from:
| LocalClass

Thisclass is Preliminary.
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Table B.1-471 Attributes for FdPort

Lifecycle stereotype

Attribute name (empty = Mature)

Description

_ltp An instance of FD is associated with zero or more |
objects.

The LTPs that bound the FD provide capacityféowarding.
For asymmetric FDs, the association to the LTP is via

FdPort.

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 Theorientation 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 0
FD support the corresponding FcPorts.

B.1.2.3 ForwardingConstruct (FC)
Qualified name: CoreModel::CoreNetworkModel::ForwardingConstruct::ForwardingConstruct

The ForwardingConstruct (FC) class models enabled constrained potential for forwarding between
two or more FcPorts at a particular specific |&retocol. Like the LTP, the FC supports any transport
protocol including all analogue, circuit and packet forms. For digital layer networks it is used to effect
forwarding of transport characteristic (layer protocol) information. An FC can be in only one
ForwardingDomain (FD). The FC is a forwarding entity. At a low level of the recursion, a FC
represents a crog®nnection within an NE. It may also represent a fragment of a-cooseection

under certain circumstances. The FC object can be used to repmesey different structures
including pointto-point (P2P), pointo-multipoint (P2MP), rootedanultipoint (RMP) and
multipoint-to-multipoint (MP2MP) bridge and selector structures for linear, ring or mesh protection
schemes. When applied to media, the @ esents the ability for a flow/wave (potentially containing
information), to be propagated between FcPorts. The existence of a FC instance is independent of the
presence (or absence) of a flow/wave (and any information encoded within it). A flow/wane can
propagate in the absence of a FC instance.

Inherits properties from:

| 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 the
potential for forwarding.
_lowerLevelFc An FC object supports a recursive aggregation

relationship such that the internal construction g
an FC can be exposed as multiple lower level F
objects (partitioning). Aggregation is used as for
the FD to allow changes in hierarchy. FC
aggregation reflects FD aggregation. The FC
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Table B.1-571 Attributes for ForwardingConstruct

Attribute name Lifecycle stereotype Description
(empty = Mature)

represents a Crog3onnection in an NE. The
CrossConnection in an NE is not necessarily thé
lowest level of FC partitionig.

_fcPort The association of the FC to LTPs is made via
FcPorts (essentially the ports of the FC).
_fcSpecReference:ClassRef | Experimental Reference to the specific FcSpec class that defi
SpecReference the properties that augment the instancE@f
forwardingDirection The directionality of the ForwardingConstruct. Is

applicable to simple ForwardingConstructs whe
all FcPorts are BIDIRECTIONAL (the
ForwardingConstruct will be BIDIRECTIONAL)
or UNIDIRECTIONAL (the ForwardingConstruct
will be UNIDIRECTIONAL). Is not present in
more complex cases.

In the case of media the FcPorts and FC may a
be omnidirectional.

B.1.2.4 FcPort
Qualified name: CoreModel::CoreNetworkModel::ForwardingConstruct::FcPort

The association of the FC to LTPs is alwayasde via FcPorts. In the 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 FcPort. The FcPort class models the access to the FC function. The traffic forwarding between
the asociated FcPorts of the FC depends upon the type of FC and may be associated with FcSwitch
object instances. In cases where there is resilience, the FcPort may convey the resilience role of the
access to the FC. It can represent a protected (resili@atilegl point or a protecting (unreliable
working or protection) point. The FcPort replaces the Protection Unit of a traditional protection
model. The ForwardingConstruct can be considered as a component and the FcPort as a Port on that
component.

Inherits properties from:

| LocalClass
See Table B-b.
Table B.1-6 1 Attributes for FcPort
Attribute name Lifecycle stereotype Description
(empty = Mature)
_ltp The FcPort may be associated with more than one

LTP when the FcPort is bidirectional and the LTPS
are unidirectional.

Multiple Ltp

T Bidirectional FcPort to two Uni Ltps
Zero Ltp

i BreakBeforeMake transition

T Planned Ltp not yet in place

T Off-netwak LTP referenced through other
mechanism.
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Table B.1-671 Attributes for FcPort

Attribute name Lifecycle stereotype Description
(empty = Mature)

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

The role is fixed by the referenced FcEpe

fcPortDirection The orientation of defined flow at the FcPort.

B.1.2.5 Link
Qualified name: CoreModel::CoreNetworkModel::Link::Link

The Link class models effective adjacency between two or more ForwardingDomains (FDs). For
digital layernetworks, in its basic form (i.e., poita-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
(LinkPort) which take roles relevant to the constraints on flows edféry the Link (e.g., Root role

or leaf role for a Link that has a constrained Tree configuration).

Inherits properties from:
i GlobalClass

| ForwardingEntity
See Table BT

Table B.1-771 Attributes for Link

Attribute name Lifecycle stereotype Description
(empty =Mature)

layerProtocolName The Link can support multiple transport laye
protocols viaheassociated LTP object. For
implementation optimization, where
appropriate, multiple layespecific links can
be merged and represented as a single Link
instance as the Link can represent a list of |2
protocols. A link may support different layer
protomls at each Port when it is a transitiong
link.

_fd The Link associatesvith two or more FDs.
This association provides a direct
summarization of the association via LinkPo
and LTP.

_linkPort Theassociatiorof the Link to LTPs is made
via LinkPort (essentially the ports of the Link

_lowerLevelLink Experimental A Link may be formed from subordinate link
(similar to FD formations from subordinate
FDs). This association is intended to cover
concepts such as serial compound links.
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Table B.1-771 Attributes for Link

Attribute name

Lifecycle stereotype Description
(empty =Mature)

linkDirection

The directionality of the Link. Is applicable tg
simple Links where all LikPorts are
BIDIRECTIONAL (the Link will be
BIDIRECTIONAL) or UNIDIRECTIONAL
(the Link will be UNIDIRECTIONAL). Is not
present in more complex cases.

_fdRuleSet

The ruleselatedto a Link.

_linkSpec

Experimental

See referencedass

_linkSpecReferenc€lassRef | Experimental
SpecReference

See referencedass

T At this point the model supports point to point links fully

A The model allows mukpoint, but anything above 2 (i.e., 3..*) is preliminary.
| A Link may offer parameters sues capacity and delay (see Annex D)

A These parameters depend on the type of technology that supports the Link.

B.1.2.6 LinkPort

Qualified name: CoreModel::CoreNetworkModel::Link::LinkPort

The association of the Link to LTPs is made via LinkPort. Din&Port 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
access to theibk. The Link can be considered as a component and the LinkPort as a Port on that

component.

Inherits properties from:

) LocalClass
See Table B-B.

Table B.1-871 Attributes for LinkPort

Attribute name

Lifecycle stereotype
(empty = Mature)

Description

_Itp

The LinkPort may be associated with more than ong
LTP when the LinkPort is bidirectional and the LTPg
are unidirectional.

Multiple Ltp

T Bidirectional LinkPort to two Uni Ltps
Zero Ltp

T BreakBeforeMake transition

T Planned Ltp not yet in place

T Off-network LTP referenced through other
mechanism.

role

Each LinkPort of the Link has a role (e.gymmetric,
hub, spoke, leaf, root) in the context of the Link with
respect to the Link function.
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Table B.1-871 Attributes for LinkPort

Attribute name

Lifecycle stereotype
(empty = Mature)

Description

offNetworkAddress

Experimental

A freeformopportunity to express a reference for a
Port of the Link that is not visible and hence is outsi
the scope of the control domain (@fétwork). This
attribute is expected to convey a foreign
identifier/name/address or a shared reference for sg
mid-spanpoint at the boundary between two
administrative domains. This is a reference shared
between the parties either side of the network
boundary. The assumption is that the provider know
the mapping between network port and
offNetworkAddress and the clienh&ws the mapping
between the client port and the offNetworkAddress
that the offNetworkAddress references some comm
point or pool of points. It may represent some physi
location where the handfff takes place. This attribute
is used when an LTP caot be referenced. A Link
with an oftnetwork end cannot be encompassed by
FD.

linkPortDirection

The orientation of defined flow at the LinkPort.

_fcPort

Experimental

Where a Link supports FCs each LinkPort of that Li
supports the corresponding FoB.

B.1.3 Clock, timing and synchronization

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

allows for the clock be synchronized with other devices that gecaitiming signal and of capability
that allows the clock to provide a timing signal to other devices.

The timing signals are supported by various network protocols and synchronization is achieved by
various techniques. The model described here is a @éereet model that can be applied to any
network protocol (see Appendix XI for more details). For any particular case the specific properties

for the corresponding protocol/technique via the specification approach (see Annex G).
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Figure B.1-371 Clock related to LTP, CASC and FC

Figure B.13 shows the clock (highlighted in red) and associations (highlighted in blue) that form the

clock model.

Qualified name: CoreModel::CoreNetworkModel::Clock::Timing::Clock

Clock function processes the input sync information (frequency andssime stamp 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 controller, the clock may enter@ éplor
freeerun mode. The status of the clowill be reported to the controller.

Inherits properties from:

) LocalClass

This class is Experimental.

Table B.1-97 Attributes for Clock

Attribute name

Lifecycle stereotype
(empty = Mature)

Description

runMode

Experimental

The runmode of thdrequency system clock,
such as freeun, locked, and holdover.

_encompassedClock

Experimental

A clock may be emergent from and may
effectively encompass several clocks in a
resilient solution.

_encapsulatedFc

Experimental

A Clock may encapsulate an F€lated to
resilience where the clock provides an output
that is essentially that of one of several other
clocks in the resilience scheme.
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Table B.1-97 Attributes for Clock

Attribute name

Lifecycle stereotype
(empty = Mature)

Description

_syncLtp

Experimental

A clock may feed one or more LTPs with timin
information to propagate across thetwork (it
may feed no LTPs).

_encapsulatedCasc

Experimental

The Clock may encapsulate a complex FC wh
there is a resilience mechanism active and tha
FC will need to be controlled.

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

_phaseAignedClock

Experimental

One or more clocks can be actively phase
aligned (this is especially relevant in a hitless
resilience scheme).

B.1.4 NetworkElement,

As explained in the previous edition (Edition 2)tlois Recommendation, the classes SdnController,
NetworkControlDomain and NetworkEleméhhave been reassessed and new classes have been

NetworkControlDomain and SdnController

developed in this release. Figure B.$hows the relationship between the Edition 2 classed¥hat

been deprecated highlighted with red text 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 Element scope of the direct interface from a SDN controller to a Network Element in the
infrastructure layers similar to the EM80-NE management interface defined in the information models

[ITU-T G.8%] (OTN), [ITU-T G.8052] (Ethernet) and [ITT G.8152] (MPLSTP).
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~OpenModelClass, Experimental-
ContrelConstruct

Source Papyrus CoreModel diagram: Farging SkeletonWithControllers.

Figure B.1-41 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 ControlViehich 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 SubordinateExposedViewsich provides a further ControlView that includes the NE
ControlComponentView (i.e., 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. Examples of usage of ControlConstruct are provided
in Appendix X.

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\imex D and Annex E).

See Figure £ for a key to the symbol set used in the figures contained in this annex.
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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.

«OpenModelClass»
] ForwardingDomain

1
1
1
1
|
|
1
|
|
1
|
1
1
1
|
|
1
1

0..1
FdContainsFcs
1
+ ItpRefList Ny * | ) .
I Sso + _feRefList N/ 4
OpenModelClass \ -
% (Iiolnz)iccnal'l:rrilin:lib:;l‘ain[ + _ltpRefList ‘\ . «OpenModelClass» + _fcPortList «OpenModelClass»
hd < E FePort <& @ = ForwardingConstruct
0.2 FcPortConnectedToLtp 2. *  FcHasFcPorts

«StrictComposites

CoreModel Diagram
f=}

Forwarding-ConnectivityFragment

G.7711-Y.1702(22)_FB.2-1

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 beéw the LTPs (in Figure B-Rit is point to point). The FcPort

of the FC is shown within the FC, emphasizing the strict whpale 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 in Annex E.

The [0..2] multiplicity of _ltpRefist (at the end of the associatiticPortConnectedToLtp allows
for a bidirectional FcPort to associate with two unidirectional LTPs.

B.2.1.2 Forwarding the Topology

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

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

(grey) that provide capability and capacity for the LP and the signal forwarding using FCs (X, Y
and Z) 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 considerationsra covered in detail in Annex D.

B.2.1.3 Forwarding in the media layer

Consider media (glass, copper, air ¥g through which information is to be transferred.
An appropriate medium is relatively transparent to some particular wave/particle flow (light,

microwaves, electrons, etc.), i.e., when the medium is present it is inherently enabled to forward some
specific 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 source. When the modulateddlappiied to an appropriate medium

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

12 photons propagate in free space (vacuum) with no need for a medium. The discussiondielg rislated
to a bounded channel but it can be extended to vacuum.
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On this basis, and considering the definition of ForwardingConstruct (FC), it is clear that the effect
of a mediuntan be represented by an FC and that the FC is always essentially present (as the medium
is always'enabled). The existence of an FC instance is independent of the presence (or absence) of
a flow/wave and information encoded within it (if any). A wawefflcannot propagate 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 informatf, for example, where there is differential delay
between elements of the wéflew such that the wave/flow is distorted, or units of the flow arrive

out of order.

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

| Absorpton causing loss of power

T Interference between flows causing loss of integrity

| Dispersion causing loss of integrity

| Adding noise causing loss of integrity

T Restricting bandwidth (frequency slot) causing loss of information integrity.

As flow takes face 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 gkamykraction that takes
place in an Erbium doped fibre causes amplification of theepawone flow.

One could represent fibre adjacency with a media Link/FD and hence the bridge between the
(atomic/static) physical consideration and the photonic functional considerations. A medium will
have some noehinear characteristics. Because the medium can modiffldhein a complex way,

and considering that there is media 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, talten stimulated with the appropriate flows, both linear
and nonlinear characteristics of the medium cause complex activity that yields relevant emergent
functionality. In some media the characteristics are such that:

| Power may be transferred from aflof one characteristic to a flow of another characteristic
in the medium

A Linear
3 Electronic to photonic (e.g., a laser)
3 Photonic to electronic (e.g., a photodiode).
A Nonlinear
3 Photonic to photonic (an optical amplifier)
3 Photonic to photonic ia fibre (causing interference).

| Modulation may be transferred from a flow of one characteristic to a flow of another
characteristit® in the medium

13 Again, a vacuum can be considered as the presence of a medium.

14 Any real medium will cause distortion, hence the same wave/flow received will not be exactly the same as
that sent, i.e.the medium never fully suits the launched wave/flow perfectly. Any receiver can deal with
some distortion. The key consideration is the receiver capability to deal with the characteristics of the FC
and the wave/flow so as to be able to extract thenmdion.

15 The transfer may only account for one form of modulation (e.g., phase information may be lost).
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A Electronic to photonic (e.g., a las®r
A Photonic to electronic (e.g., a photodiode).

On this basis, m FC may be fed with inputs of different characteristics and as a result the power
and/or modulation may transfer from one domain to another (e.g., electronic to photonic). There may
also be a media change with no change of domain of flow (e.g., an airaapptical network where

the light passes temporarily into a gaseous medium, e.g., at the junction between the medium of the
laser and the fibre).

Clearly some media are constructed to minimize the undesirable effect-bheancharacteristics
(e.g, the fibre between sites) and other media are constructed to take advantageliogéaron
characteristics (e.g., Erbium doped fibre 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 simple relevant 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 thelmm. The model does not assume 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 directiofi characteristic is termetiomnidirectionality’. To cater for th8 aspect the
directionality enumerations have been extended appropriately. In some cases a medium will restrict
the flow (due to diminished physical dimensions) to be only meaningful in one dimension (e.g., an
optical fibre), but the case is still considdr as omndirectional. 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 FC that is an abstraction of an assembly of two oppositely
directed unidirectional FCs.

In the media layer, bidirectional abstractions are normally only used as-egkegnbstraction for
the purpose of magang network connectivily. For other purposes, bidirectional representations
are rarely useful and in most cases culirectional or unidirectional representations are used.

Figure B.23 the key enhancements made to the model to support media.

16 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 isfex of power/modulation from the electronic to photonic
domain. The change of domain happens within the medium.

17 For example, in a higher level control/management system it may be convenient to associate a pair of flexible
grid filters that are omni déctional as a bidirectional 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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SourcePapyrus CoreModel diagram: ForwardiBghancementsRelatedToMedia.

Figure B.2-317 Enhancements related to media (highlighted in red)

Figure B.23 highlights in red the additions and adjustments made to the model to accommodate
media and to align the FD withe ComponenrPort patter#.

Often the media forwarding devices have a fixed number of FcPorts where the forwarding
characteristics per port are variable. Figure-8 ghows an FC that represents a raudtit tunable
filter.

The figure shows internal BCand uses the FcPortlsFcPOrtOfinternalFc association. The internal
FCs could be represented as elements of an FcRoutes (rather than directly via the
FcHasLowerlLevelFcs), if they need to be explicitly exposed, or simply as bundles of attributes
explained ly the FcSpec where, amongst other things, the FcSpec would define the frequency and
transfer characteristics (loss/gain, gain tilt (for an amplifier), chromatic dispetsstortior',

etc. 9. When using the spec the SubordinateForwarding specificatechanism is used (see
AnnexG).

18 There were two additional ForwardingEntity Pacs both of which provide i@fiism on analogue
characteristics. the _Pac approach has been replaced by a Specification approach in this release as this
provides the necessary flexibility

19 An indication if the parameter is inherently omni directional (i.e., independent of the atireétsignal
propagation) otfuni" directional will also be provided in the specification.
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All properties of the FC are conveyed =2> Directional attenuator
as part of the ForwardingEntity P
* Attenuation )
» Filter properties and tunability -/ Filter

Tuneable filter/laser/receiver

FcPortlsPortOfInternalFc G.7711-Y.1702(22)_FB.2-4

Figure B.2-41 Broadband coupler/splitter with tuneable filter (FC contains FC)

Where the FcSpec is used, the FcSpec defines internal routes and parameters of the route. Where the
properties are fixed, they could 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 against which to hold
the controls. Like FcSwitch this can be a sparse model so the Route FC is presem¢ctedaor 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 numbering.

As for all media, a fibre has a particular transfer characteristic that essentiafty ificoming flow
allowing only photons with characteristics in a relatively small range to pass almost unif@peded
Photons well outside this range will not pass at all. A flow of photons with characteristics near the
edge of the range may be attenuated e phase characteristics of the modulated information may
be impaired. The transfer characteristics of a fibre are complex. Photons within a range of
characteristics that may readily pass are considered to be in a band.

A media network is constructefom an arrangement of units of media. Considering the
omnkdirectional nature of the media, some of the units of media will broadcast a flow (splitting the
power) and others will merge flows, as shown in the figure above. All units of media will appy som
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 unimpeded. A particular medium may have
several channels (as it may have several ba&ids)

To determine if a flow of a particular characteristic will pass through a chain of units of media in a
network, the characteristic of those units must be accumulated appropriately. For the filtering
characteristics, the method of accumulation can be considsratersection. The intersection of
channel definitions for each unit of media defines the channel through the chainl [G.8D7]
defines the term for these channels tdrbedia channél

As discussed earlier, an FC is used to represent the enavedfi FC is therefore used to represent

a channel through a medig#&and also through any chain of units of méélidAs a chain can be
considered as starting anywhere and ending anywhere, this leads to the FC being a grouping of any
series of FC and hengeouping FCs are NOT in a simple hierarchy.

20 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 freyugot is not fully covered.

21 A may be glass and a long piece of that medium is a fiber strand. The effect of the medium may be
represented by an FC. For all real media, there are restrictions in transparency and hence only certain bands
may pass.

22 TheFC is also used to represent all parallel channels through the medium.

23 |t is necessary to have attributes representing the results of passing through the chain of media. These are
relevant at the FcPorts and can therefore be presented via the LTRatedseith the LpPorts.
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Figure B.2-57 Chain of filters and fibres24

Figure B.25 shows a simple arrangement of units of media represented as FCs and emphasizes the
northierarchical nature of the treatment. The filter characteristics of the units of media are considered
and such that the characteristics of an FC is thesetéon of the characteristics of the FCs it is
composed of. The FcPort to Pin of the Connector is explained in clause B.2.5, Relationships to the

physical port.

Figure B.26 shows a view of the same chain of filters and fibres with a purely FC basextads.

The figure illustrates the use of two different associations between FcPorts, 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 whetlee specific termination considerations are not relevant and
where the connected FCs are alternately in a Link and in an FD (potentially in a Route context).

H=F"G
F=AnB
G=C

s
Yoo B::‘t‘—m{f:ogl:@::o m

G.7711-Y.1702(22)_FB.2-6

Figure B.2-61 Abstraction of chain of filters and fibres

Figure B.27 illustrates a more complarrangement 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 the diagram.

24 Where the medium is glass, the strand is a long piece of medium. The effect of the medium, e.g., a fiber, is
represented by an FC. Media may be a combination of several different types of medium. The effect of any
length of mediacan be represented by an FC, hence the figure.
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Figure B.2-717 Complex assembly of chains of filters and fibres
B.2.2 Termination

B.2.2.1 Casesof LTP and LP

In some figures, the LP is depicted with a view of the internal details. Figw& &8ws the cases
illustrated in the figures. In a realization, the LP dethi#ructure would be expressed by a
specification as described in Annex G.
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Key to encapsulated structure in LP

® Encapsulated FC (alternative representations)

Full layer, fixed Q—_O Adjustable encapsulated FC

@ Fixed encapsulated FC

T CP(port) [Is ITU-T G.805 CP]
Can be associated with FC

) TCP (port) [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)

Jr* 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=F=—-- I

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

____________________ |
Exposed TCP
"5 og@ o o :
E 5 i Exposed CP with layer content rearranged
i | (note this has n encapsulated sub-layer CPs)
Adapter (with pool) - -;;-" ------------ i
Pool
Concatenating adapter i?i Concatenating adapter (alternative)
i :
Concatenatable exposed TCP ! E Concatenatable exposed TCP (alternative)
| 1
! 1
L

Concatenatable exposed FcPort
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Figure B.2-81 LP cases

The relationship between some of the entities in the CIM and other familiar models are shown in
Figure B.29, which also provides a key to some additi@yahbols. Further mappings are provided
in Appendix III.
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Figure B.2-91 Mapping from ITU -T and TM Forum Termination models to the Core
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Examples of LTPs (using Port with various More precise view of port

figures consistent with layers and flexibilities
those used in TM forum modelled as LTPs
for PTP, CTP and FTP) (and shown as TM

forum PTPs and CTPs)

CoreModel Diagram
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AN «OpenModelClass»
N\ & Logical TerminationPoint
1
~ \
V ~ LTP
I \/ i
| __________ LtpIncludesLayerProtocols
? V ’,-/ 1% + ique}
\ «OpenModelClass»
T / ] LayerProtocol

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

o<Je
T
o< n

Will use this representation
to highlight the LTP/LP
associations

R
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Figure B.2-107 Representations of LTPs

In Figure B.210, the pictorial form shows a number of representations ok L(pBrple, grey and
green) representing the layering associated with physical ports (purple), their connectable clients
(green) and floating LTPs (grey). The right most pictorial form shows the relationship between the
LTP and the LP in terms of a detailggmbol derived from work by TM Forum and I1¥T25 An LP
instance represents all aspects of termination of a singlepaytrcol. An LTP is composed of 1 or

more LPs, where the LPs represent the stack of terminations relevant to the LTP as depieted in th
pictorial view. A termination stack may spread across several 4TH&ie reason for this split
includes multiplicity, connection flexibility and flow orientation transitions.

A single LTP may have several LPs of the same LayerProtocol. spheific instances are
distinguished by localld. The localld may take any form relevant to the specific LTP so long as it
follows the rules for an ID, i.e., so long as it is unique in the context of the LTP and it is immutable
through the life of the LTHn some simple cases the localld of the LP could simply be the same as
the layerProtocol value.

25 The work has been liaised by TM Forum and related to {ITG.805].
26 There will be relationships between the LTPs to maintain information on stack ora@gting
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In the model:

| The flow of signals through the aspects of the LP shown in Figurd®i2 not currently
formally represented

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

T The flow between LPs within an LTP is represented via list order (see the note in
FigureB.2-10).

| The flow between LPs in different LTPs irh&rarchy is represented by the specific LTP
relationship (see Figure BI2) and the corresponding LP list order in the LTP

A In Figure B.210, the Sink” signal flowing from the top of the upper LP of the purple
LTP (i.e., the last entry in the LP lisf that LTP) passes to the bottom of the LP in the
associated green LTP.

There are a number of different cases of LTP that are depicted in Figuté .B.2

27 See clause B.2.4.
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Figure B.2-117 LTP cases

Rec. ITU-T G.7711/Y.1702 (02/2022) 59



