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Abstract

This draft describes a framework for how purpose and protocol
specific interfaces can be systematically derived froman underlying
common i nformation nodel, focusing upon the networking and forwarding
domain. The benefit of using such an approach in interface

speci fication devel opnent is to pronote convergence,

i nteroperability, and efficiency.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi mnum of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on April 28, 2017.
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I nt roducti on

Interface specifications are often generated as point solutions where
t he desi gner codes a particular interface fromdonmain (problem space)
concepts that may not be explicitly captured, nmay be defined using

| ocalized term nology that is subject to anbiguity in interpretation
and is highly focused on a particul ar use-case/ application. The
designer typically provides a representation of the interface schema
in the formof a data schema [ RFC3444](i.e., data structures conveyed
over the interface), which only exposes the view of the domain
relevant at that specific interface. As this data schema is a sinple
statenment of the particular interface, it solely describes

rel ati onships relevant to the specific realization, having no

i nherent relationship to other interfaces in the system

Approachi ng the devel opnent of interface specifications on a per use-
case/ application basis tends to pronbte unnecessary variety through a
proliferation of simlar interfaces, resulting in unnecessary

di vergences that limt interoperability. It also risks confusion of
representational artifacts with fundanental characteristics of the
information to be conveyed across the interface. There is also a
risk that conflicting representations of the sanme infornmation may be
generated. Finally, as each such interface appears to stand al one,
it thereby fails to capture relationships with other aspects of the
same (or different) domains that are not explicitly needed for the

i nterface.

This draft describes a framework for how a protocol specific data
schema and the encodi ng used for the interface can be systematically
derived from an underlying common information nodel, focusing upon

t he networking and forwardi ng domain. The benefit of using such an
approach in the devel opnent of interface specifications is to pronote
convergence, interoperability, and efficiency.

1. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119 [ RFC2119].

Basi ¢ Concepts

An i nformati on nodel condenses domai n know edge and insights to
provide a representation of its essential concepts, structures, and
inter-relationships. 1In capturing domai n understandi ng, such a nodel
of fers a coherent and consistent term nology and structure, expresses
the semantics of the domain, and interrelates all rel evant aspects of
the domain. It enables a consistent expression of information that
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i mproves interoperability between software conponents at interfaces
derived fromit. A "good" information nodel should capture domain
best practices, and be designed to support domain variety as well as
extensibility and evol ution. Exanples of domai ns include networking
and forwarding, storage, etc. A comon industry information nodel is
the assenbly of all domain information nodels, which inter-relate at
"touch points”. Note that a common industry information nodel shoul d
not be interpreted as being a nonolithic entity; in particular, a
nodul ar structure is essential to allow for extensibility.

There may be several relevant views of any particul ar domain,
dependi ng upon the perspective of the viewer, all of which are
interrelated and invol ve subsets of the information nodel, and none
of which contradict each other. (It should be noted that one view
provi des the information nodel representation of the overall domain.)
To forma particul ar (purpose-specific) view, sonme elenents of the
nodel may be pruned. Additionally, for efficiency, sone systematic
refactoring of the information nodel may al so occur.

In this draft, the termdata schema is used in the context of either:
(i) a specific protocol that is used to inplenment a purpose specific
interface, or (ii) a programm ng | anguage that is used to invoke a
pur pose specific API. Note that it is possible to map directly from
t he purpose specific information nodel to interface encoding.

Wil e a purpose specific interface/APl is not a sinple direct
encodi ng of the information nodel of the overall domain, it is by its
nature based on a relevant view of the information nodel of the
domain (i.e., a purpose specific information nodel view). It nust be
conpletely and consistently traceable to this view and shoul d use the
associ ated domain term nology. Depending on its application, a
particular view may |lead to a nunber of encoded forns at various
types of interfaces/APlIs. The information nodel does not dictate the
encoded form which will depend upon such factors as necessary
capability, interaction style, and progranm ng | anguage.

3. Information Mdeling

This section introduces the Unified Mdeling Language (UM.), which
has been used to nodel application structure, behavior, and
architecture (in addition to business process and data structure).

It also provides references to existing and ongoi ng work on standard
i nformati on nodel s based on UM..
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3.1. Unified Mdeling Language

The information nodel is expressed in terns of the Unified Mdeling
Language (UM.) [OMG UM.], which was devel oped by the Object

Managenent Group. It is a general -purpose nodeling |anguage in the
field of software engineering. In 2000 the Unified Mddeling Language
was al so accepted by the International O ganization for

St andardi zation (1SO) as an approved |ISO standard [I SO IEC UM.]. UM
may be used in four ways:

o To define a set of objects (instantiated classes that, if
organi zed, describe a data nodel)

o As an information nodel
o As a netanodel (used to create an information nodel)
o0 As a neta-netanodel

UML defines a nunber of basic nodel elenments (UML artifacts), such as
obj ect classes, attributes, associations, interfaces, operations,
operation paraneters, data types, etc. 1In order to assure a

consi stent and harnoni zed nodel | i ng approach, and to ensure
uniformty in the application of UML to a problem domain, a subset of
t he basic nodel artifacts should be selected according to guidelines
for creating an information nodel expressed in UML [ONF_TR-514]. The
gui delines are generic; i.e., they are not specific to any particul ar
domain that the information nodel is addressing, nor are they
restricted to any particular protocol interface data schema. A UM

i nformati on nodel nmay be created using Qpen Source UM tools;

gui delines to be taken into account during the creation of a UM

i nformati on nodel for the Open Source tool Papyrus have been

devel oped in [ONF_TR-515].

3. 2. Standard UML I nformati on Model

I nformati on nodel s expressed in UM, primarily focused upon the
net wor ki ng and forwardi ng domai n, have been, and are in the process
of being, developed in ITUT, TM Forum NGW, 3GPP, MEF, ONF, and
ot hers.

ONF has defined the Core Model of the ONF Comrmon I nformation Mdel
(ONF-CIM. The ONF Core Mbdel [ONF_TR-512] provides a representation
of network resources for the purpose of managenent-control and is

i ndependent of specific forwardi ng technology. The Core Mddel can be
augnented to provide forwardi ng technol ogy specific representation.

Betts, et al. Expires April 28, 2017 [ Page 5]



| nt er net - Draf t Dat a Schenma from UML Nbdel Cct ober 2016

| TUUT Reconmendati ons are focused on understanding the

t el econmuni cati ons probl em space and devel opi ng i nformati on nodel s
addr essi ng network and network el enent considerations. Sone exanpl es
of available standard ITU- T information nodels relevant to the
net wor ki ng and forwardi ng domai n i ncl ude:

o ITUT G874.1 (2016), Optical transport network: Protocol-neutra
managenent information nodel for the network el ement view
[ITUT_G 874. 1]

o ITUT G 8052/Y.1346 (2016), Protocol -neutral managenent
i nformati on nodel for the Ethernet Transport capabl e network
el ement [ITU T_G 8052]

o ITUT G 8152/Y.1375 (2016), Protocol-neutral managenent
i nformati on nodel for the MPLS-TP network elenment [ITU T _G 8152]

o ITUT G 7711/Y.1702 (2016), Generic protocol-neutral managenent
I nformati on Model for transport resources [ITUT_G 7711]

Note that ONF and | TU-T have adopted the same Core Model in
[ONF_TR-512] and [ITU T G 7711], and are continuing to naintain
al i gnnent .

The above information nodels are devel oped from | TU T Recommendati ons
that define the respective transport technol ogy functional nodels and
managenent requirenents.

The TM Forum community has |i kew se devel oped extensive nodels of the
same space fromthe network | evel managenent perspective [ TMF_MINM
[TMF_MIosl] [ TMF_TR225]. The basis for all functions nade avail abl e
to the network | evel managenent is defined in the protocol -neutral
network el enent | evel managenent work done in ITU-T. |Its nodels thus
conplement the ITUT information nodels. |In further coll aboration
with 3GPP, considerable joint effort has been devoted to develop a
consi stent and coherent approach to that space. Mst recently

(Sept enber 2016), a Col | aborati on Agreenent was si gned between the
MEF Forum ONF, and TM Forumto enabl e common nodel coll aboration on
I nformati on Model constructs and network resource |Information Model.

The NGWN has published a docunent call ed Next CGeneration Converged
Operations Requirements (NGCOR) [ NGW _NGCOR], wth the expressed

pur pose of taking these requirenments into account when converged
managenent interfaces for nobile and fixed networks are being
standardi zed in the SDOs. An ongoing coll aboration called the Multi-
SDO Proj ect on Converged Managenent is taking care that the

requi renents are considered during the specification of new

Betts, et al. Expires April 28, 2017 [ Page 6]



| nt er net - Draf t Dat a Schenma from UML Nbdel Cct ober 2016

interfaces. It includes participants fromETSI, NGW, TMF, 3GPP, and
ot her SDOs, equi pnent vendors, OS vendors and service providers.

FromUM. | Mto Data Schema Definition

This section outlines the overall structure of a nodul ar and
evol vabl e common i nformati on nodel and how purpose specific I Mviews
and data schema may be derived fromit [ONF_TR-513].

. 1.  Methodol ogy Overview

As illustrated in Figure 1 below, the common information nodel is
conprised of a library of nodel artifacts (objects, attributes, and
associ ations) organi zed into a nunber of sub-nodels, to facilitate

t he i ndependent devel opnent of technol ogy and application specific
extensions. The Core Mddel refers to information nodel artifacts
that are intended for use by nultiple applications and/ or forwarding
technol ogi es. For purposes of navigability, the Core Mdel is
further sub-structured into Core Network Mddel (CNM, Core Foundation
Model , Core Physical Mdel, and the Core Specification Mdel (these
are further discussed in Section 4.2.1). The forwardi ng technol ogy
specific nodel refers to technol ogy specific extensions; e.g., for
OTN, Ethernet, MPLS-TP, SDH, etc. The application specific nodel
refers to extensions for supporting particular applications.

Common

Mbdel
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deriving interface protocol specific data schema/interface encodi ngs

Figure 1

The foll ow ng subsections provide further el aboration of the high-
| evel met hodol ogy introduced above.

.2. Common |Information Mbdel

As introduced earlier, a common information nodel includes the

obj ect s/ packages, their properties (represented as attributes), and
their relationships, etc. that are necessary to describe the domain
for the applications being developed. It will be necessary to
continually expand and refine the conmon nodel over tine as new
forwardi ng technol ogi es, capabilities and applications are
enconpassed and new insights are gained. To allow these extensions
to be made in a seanl ess manner, the common information nodel is
structured into a nunber of sub-nodels. This nodelling approach
enabl es application specific and forwardi ng technol ogy specific
extensions to be devel oped by domain experts with appropriate

i ndependence.
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4.

4.

4.

2.

2.

3.

Over time, sone part(s) of the common information nodel may need to
be augnented or changed. Any such areas are clearly identified using
nodel lifecycle stereotypes (controlled annotations; e.g.,
experinmental, prelimnary, obsolete) to ensure ongoing conpatibility
and to ease mgration. The use of the lifecycle stereotypes is
described in the UML nodeling guidelines [ONF_TR-514].

1. Core Model

The core nodel is organized into a nunber of sub-nodels, each
addressing a specific topic to allow for easier navigation.
Currently, these consist of the Core Network Model (CNM, Core
Foundati on Mbdel, Core Physical Mdel, and the Core Specification
Model [I-D.lamtopol ogy].

o The CNM consists of artifacts that nodel the essential network
aspects that are neutral to the forwarding technol ogy(ies) of the
network. The CNM currently enconpasses Forwardi ng, Term nati on,
Topol ogy, and Resilience aspects (subsets of the CNM.

o The Core Foundation Mdel provides a detailed view of all aspects
of the CNMthat are relevant to all other parts of the Comon
I nformation Model. Currently, this nodel includes coverage of
nam ng and identifiers (so that communi cations about an entity can
t ake pl ace).

o The Core Physical Mdel provides a view of the nodel for physical
entities (including equipnent, hol ders, and connectors).

o The Core Specification Mdel provides for a machi ne readable form
of specific |localized behavior, enables the introduction of run
time schema, allows |everage of existing standards definitions
(e.g., technol ogy/application specific) in a machine readabl e
| anguage, and sinplifies representations.

2. Technol ogy specific or application specific Sub-nodels

These sub-nobdels contain the artifacts (objects, attributes and
associations) that relate solely the specific technol ogy or
application. In sonme cases, the addition of an application or
technol ogy sub-nodel will also require, and result in, enhancenent of
t he core nodel

Common I nformati on Model View for a Specific Purpose
The next step is the devel opnent of a purpose specific information

nmodel, which is a true subset of the common information nodel. A
pur pose specific information nodel wll typically be nuch smaller
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than the entire common information nodel. To provide nmaxi mal reuse,
t he purpose specific viewis developed in tw steps: (1) prune and
refactor a copy of the artifacts of the conmon information nodel to
provi de a nodel of the network to provide a purpose specific

i nformati on nodel of the network to be managed, where only those
artefacts that represent the capabilities that are both in scope and
supported are included, and (2) define the access rights for the
various groups of users that will manage that network. Pruning and
refactoring provides a purpose specific information nodel that
represents the capabilities of the network of interest. The
definition of access rights provides the ability tolimt the actions
that can be taken by the various user groups that will use that

i nformati on nodel .

0 Pruning is used to derive a (snmaller) nodel with a narrower scope
or view. Pruning can renove the objects/packages/attributes/
associ ations that are not required.

- Select the required object classes fromthe common I M (al
mandatory attri butes and packages nust be incl uded)

- Select the required conditional packages and optional attributes
(note that, where appropriate, conditional packages and opti onal
attri butes may be decl ared mandatory in the purpose specific IM

- Renove any optional associations that are not required

0o Refactoring allows the nodel to be sinplified and nmade conpati bl e
W th existing nodels or term nology. Sonme guidelines for
refactoring include:

- Col Il apsing of classes when reducing multiplicity (e.g., from
[1..*] to [1]). Wien this results in a conposition association
of multiplicity [1] between a subordi nate and superi or object
cl ass, they can be conbined into a single object class by noving
the attributes of the superior class into the subordinate cl ass.

- Splitting of a class along a view boundary where the two parts
are related by a specific multiplicity.

- Were beneficial, reducing the depth of the inheritance (i.e.,
conbi ni ng obj ect classes by noving the attributes of the super
class into the subclass).

- Addi ng reverse navigation, if useful for the purpose. In nmany
pl aces in the common IM there is only support for navigation
froma subordi nate object class to a superior object class.
This all ows new subordi nate object classes to be added w t hout
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any inpact on the superior object class. 1In a purpose specific
i npl enentation it is frequently useful to be able to navigate
the rel ati onship between superior and subordi nate object classes
in both directions.

- Constraining attribute definitions. This can be done by
reduci ng | egal val ue ranges, defining which (if any) attributes
should be read only (for all users), and/or defining constraints
bet ween attri butes.

o Traceability

Use the Realization association with a specific stereotype
PruneAndRefactor to maintain the traceability fromthe pruned/
refactored nodel to the Common I M

4.4, Dat a Schema

A data schema (DS) is developed in the context of either a specific
protocol that is used to inplenent a purpose specific interface or a
progranmm ng | anguage that is used to invoke a purpose specific API.
The DS is constructed by mappi hg of the purpose specific information
nodel together with the operations patterns fromthe comon

i nformati on nodel to provide the interface protocol specific DS that

i ncludes operations and notifications. The operations should include
data structures taken directly fromthe purpose specific information
nodel view with no further adjustnent.

The devel opnent of the data schema shoul d consider the foll ow ng:

0o The operations should act on the information in a way consi stent
with the nodel ed object |ifecycle interdependency rules as defined
in the conmon | M

- Instance |ifecycle dependenci es shoul d ensure sensible interface
operation structuring and interface flow rul es

- Sone formof transaction should be used over the interface to
account for |ifecycle dependencies of the nodel

o The operations should abide by the attribute properties. Read
only attributes (except those which are defined as islnvariant)
shoul d not be included in data related to creation of an object
(e.g., not in createbData) or in a specification of a desired
obj ect structure outcone.

o0 Usage of attribute value ranges, etc. to allow "effort" statenent,
optionality and negotiation to be supported by the interface.
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4.5. Interface encoding

This step encodes either a purpose specific data schema or a purpose
specific information nodel into either: (i) a specific protocol that
is used to inplenent a purpose specific interface, or (ii) a
programm ng | anguage that is used to invoke a purpose specific API.
If the interface is encoded directly fromthe purpose specific

i nformati on nodel then the interface operations nust be added as
descri bed above.

5. Translation from UM

Appl yi ng the net hodol ogy outlined in Section 4, protocol-specific
interface data schema/ encodi ngs may be derived from existing, and
energi ng, standard UML informati on nodel s addressing the forwarding
and networking domains (e.g., [ITUT G 7711], G 874.1
[ITUT G 874.1]).

In order to assure a consistent and valid data nodelling | anguage
representation that enabl es maxi numinteroperability, translation
gui delines from UM information nodels to data schema/interface
encodi ngs are required. A set of translation rules also assists in
devel opnent of autonmated tooling.

Qui del i nes have been devel oped for translation of data nodeled with
UML to YANG i ncludi ng mappi ng of object classes, attributes, data
types, associations, interfaces, operations and operation paraneters,
notifications, and lifecycle [ONF_TR-531], [I-D. mansfield-um].

It should be noted that the concept of deriving protocol-specific
nodul es from UML i nformation nodels is not new (e.g., MEF 38 [ MEF_38]
and MEF 39 [ MEF_39] provide YANG nodul es derived from UM information
nodel s G 8052 [ITU-T_G 8052] and MEF 7.1 [MEF_7.1] for Service OAM
Fault and Performance Mnitoring, respectively.). Wiat is newis the
concept of an open, nodul ar, evol vabl e common i nformati on nodel,
coupled with an associated suite of essential guidelines and tooling
(e.g., UM, Open Source tooling, translation, etc.), for realizing a
coherent set of solution nodul es.

6. Summary

This draft describes a nodul ar and scal abl e approach for
systematically deriving purpose and protocol specific interfaces from
an underlying conmon information nodel, focusing upon the networking
and forwardi ng domain. Building upon an underlying conmmon

i nformati on nodel i ng description of network resources (functionality,
capabilities, flexibility) is a key enabler to convergence and
interoperability. It is also future proof in the sense that the
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10.

11.

11.

11.

enmer gence of new protocols becones solely a non-disruptive mappi ng
issue. It should be noted that not all domains require devel opnent
of information nodel prior to solutions devel opnent; the domains
where this is of greatest benefit involve networking domains

requi ring support for an enhanced | evel of control and network
programmability.
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