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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form
the specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by the respective organization to deal
with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest.

Other inter

ational oreanizations, governmental and non-governmental, in liaison with ISO and TEC. also

ake part in the

work. In th
Internationd

The main tg
by the joint
requires ap

Attention i
and IEC sh

ISO/IEC 19

b field of information technology, ISO and IEC have established a joint technical committed.]
1 Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

sk of the joint technical committee is to prepare International Standards. Draft International Sta
technical committee are circulated to national bodies for voting. Publication dsran Internation
broval by at least 75% of the national bodies casting a vote.

drawn to the possibility that some of the elements of this document may/be the subject of pa
h11 not be held responsible for identifying any or all such patent rights)

508 was prepared by the Object Management Group (OMG) and was adopted, under the PAS

Joint Technfical Committee ISO/IEC JTC 1, Information technology, iw parallel with its approval by natio

ISO and IE
ISO/IEC 19

- ISO
UM]I

- ISO
- ISO

ISO/IEC 19
Core, apart
(MOF) Corf

C.
508 is related to:

[EC 19505-2:2012 Information technology - Objeet Management Group Unified Modeling Langu
), Superstructure

[EC 19509:2014 Information technology, ¢0Object Management Group XML Metadata Interchang
[EC 14769, Information technology, £)Open Distributed Processing -- Type Repository Function

508, under the general title Information technology - Object Management Goup - Meta Object
from this introductory material, is identical with that for the OMG specification for Meta Obj
e version 2.4.2.

SO/IEC JTC 1.

ndards adopted
al Standard

ent rights. ISO

procedure, by
nal bodies of

age (OMG

o

Facility (MOF)
cct Facility
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Introduction

The Meta-Object Facility (MOF) International Standard defines a language architecture and metamodel (defined using
MOF) that can be used to define and manipulate a set of interoperable metamodels and their corresponding models. These
interoperable metamodels include the Unified Modeling Language (UML) metamodel (ISO/IEC 19505), the MOF meta-
metamodel, as well as standard technologies specified using metamodels. The MOF provides the infrastructure for

implementi

ng design and rense repositories, application development tool frameworks, etc. Mappings fro

MOF to W3C

XML and X
the JMI (Ja|

This Intern
technology

OMG speciffication MOF Core 2.4.2, that is aligned with UML 2.4.1 (ISO/IEC 19505) [UML2Sup] and X

IEC 19509
compatible,
compatible

In order to
metamodel,|
set of const
or the Com|
UML mode
in ISO/TIEC

While not 1
Open Distr}

references the OMG Meta Object Facility, version\l3. This function specifies how to use the OMG MOF

for ODP ty

b

va Metadata Interchange) specification defined by the Java Community Process.

SD are specified in the XMI (ISO/IEC 19509) International Standard. Mappings from MOFR\t

itional Standard does not deprecate or replace the existing standard ISO/IEC 195022005, Info
- Meta Object Facility (MOF). The specification provided by this International Standard is idg

[XMI24]. While MOF 2.4.2 [MOF2] is conceptually similar to MOF 1.4MOF1], it is not bd
as UML 2.4.1 is not backward compatible with UML 1.4.2 [UML1], and XMI 2.4.2 [XMI24
with XMI 2.0 [XMI2].

achieve architectural alignment considerable effort has been expended to base UML and MOH
the UML metamodel. The MOF metamodel is derived from the UML metamodel by applying
Faints. Two sets of such constraints are defined in this docuitient, yielding in either the Essentiall
plete MOF (CMOF) metamodel. This alignment ensur€s sémantic compatibility between MOH
Is, also allows the MOF to reuse the UML notation fer.visualizing of MOF metamodels. UML
19505.

mited to this context, the MOF InternationalStandard is closely related to work on the standd
buted Processing (ODP). In particular, thel®@DP Type Repository Function (ISO/IEC 14769| R

PCS.

Vi

Java™ are in

rmation

ntical to the
(M1 2.4.2 (ISO/
ckward

is not

on the same

a well-defined
MOF (EMOF)
-based and
D.4.1 is defined

rdization of
ec.X.960)
as a repository
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INTERNATIONAL STANDARD

ISO/IEC 19508:2014(E)

Information technology - Object Management Group
Meta Object Facility (MOF) Core

1 Scope

This Intern
on a simpli
adds core ¢
Reflective

MOF 2 Cof
means any

« XMl

.« MOl
[MO

. MOJ
MO

. MOJ
.« MOI
- Objd

2

There are t
» Esse]
« Com

Compliant

tional Standard provides the basis for metamodel definition in OMG’s family of MDA languag
fication of UML2’s class modeling capabilities. In addition to providing the means for-metamo
ppabilities for model management in general, including Identifiers, a simple generic,Tag capal
perations that are defined generically and can be applied regardless of metamodel.

e is built on by other OMG MOF specifications, including the following (inythis list ‘MOF ba
model that instantiates a metamodel defined using MOF, which includesdmetamodels themsely

- for interchanging MOF-based models in XML [XMI24]

" 2 Facility and Object Lifecycle - for connecting to and managing ‘collections of MOF-based mod
FFOL]

" 2 Versioning and Development Lifeycle - for managingwersions and configurations of MOF-bas
FVD]

F Queries Views and Transformations - for transfotming MOF-based models [QVT]
" Models to Text - for generating text, such-as'programs, from MOF-based models [MOFM2T]

ct Constraint Language - for specifying-éonstraints on MOF-based models [OCL]

sonformance

vo compliance points:
ntial MOF (EMOF)
plete MOF (CMOF)

mplementations may support EMOF only, see sub clause 12.4 for further detail, or may suppor

es and is based
lel definition it
ility and

sed model’
es):

el elements

ed models

CMOF, which

includes EN

NOF/ See sub clause 14.4 for detail.

All compliant implementations shall conform to the MOF Platform-Independent Model specified in Clause 15 and
support the technology mapping specified in the XML Metadata Interchange (XMI) specification [XMI124].
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3

Normative References

The following referenced documents are indispensable for the application of this document. For dated references, only the
edition cited applies. For undated references, the latest edition of the referenced document (including any amendments)

applies.

Readers of this MOF 2 Core specification are expected to be familiar with the UML specification since UML provides the

structures ff
Infrastructu
level. Howq{
(defined in

Hence the 1

« [UML2Sup] ISO/IEC 19505-2:2012 “Information technology - Object Managemeng Group Unified M

Lang
WWW

The manda

. [X
(X

Formal con|

. [0C
(OC

The follow

M
M

The manda

. [X
(X

Formal con|

[oC
(oC

brming MOF metamodels. The structures supported by MOF are at the level of those in the\U
re: specifically the Basic package for the EMOF compliance level and Constructs for the CM

the chapters for EMOF and CMOF).

ver, for ease of definition, MOF uses full UML Superstructure models directly, albeit(With co

ormative reference is the Classes clause of the following specification:

uage (OMG UML), Superstructure” (OMG Unified Modeling Language (OMG UML), Superstryl
.omg.org/spec/UML/2.4.1/Superstructure)

ory mapping of MOF to XMI is specified at:

124] ISO/IEC 19509:2014 “Information technology - Object Management Group XML Metadata
1)’ (XML Metadata Interchange - http://www.omg.org/spec/XM1/2.4.2)

Straints are expressed in OCL, which is specified at:

] ISO/IEC 19507:2012 “Information technology.="Object Management Group Object Constraint
)” (OMG Object Constraint Language (OCL,) ~http://www.omg.org/spec/OCL/2.3.1)

ng reference is used in MOF1 to MOF2vmigration Annex:

1T ISO/IEC 19502:2005 “Meta Object Facility (MOF) Specification Version 1.4.1” (OMG Meta
) Specification (Version 1.4)- http://www.omg.org/spec/MOF/1.4)

ory mapping of MOF to XMI is specified at:

124] ISO/IEC 19509:2014 “Information technology - Object Management Group XML Metadata
1)’ (XML Metadata fInterchange - http://www.omg.org/spec/XM1/2.4.2)

straints are expressed in OCL, which is specified at:

] ISOAEE"19507:2012 “Information technology - Object Management Group Object Constraint
)” (OMG Object Constraint Language (OCL) - http://www.omg.org/spec/OCL/2.3.1)

ML 2
DF compliance
nstraints

bdeling
cture http://

Interchange

[ anguage

Object Facility

Interchange

[ anguage

4

NULL

Terms and Definitions

+ Null is used in this International Standard to indicate the absence of a value. for example, a single-valued property that
is null has no value, and when an operations returns null, it is returning no value.
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Symbols

MOF 2 reuses the subset of the structural modeling symbols from UML 2 that is needed for class modeling. MOF 2 does not
define any additional symbols.

See the UM

L superstructure specification [UML2Sup] for the symbol definitions.

6

6.1 C

Incompatib
integration.
meaning of

The Meta O
set of metad
systems tha|

MOF has ¢
foundation
of metadataj
EDOC, EA]

include MOFF-to-Text mapping in the MOF-to-Text specification [MOFM2T], MOF-to-XML mapping in the

specificatio
MOF-to-Jay

The OMG 4
the significd
alignment b
definition o
specificatio
continues td

MOF 2 is rq
Interchange]
[MOFVD],

Additional Information

seneral Information

e and often proprietary metadata across different systems is a primary limitation on data exchange
Metadata are data about data. They are the data used by tools, databases, middleware, etc. to descri
data.

bject Facility (MOF) provides an open and platform-independent metadata management framewor
ata services to enable the development and interoperability of medel and metadata driven systems
use MOF include modeling and development tools, data watehouse systems, metadata repositori

ntributed significantly to the core principles of the OMG Model Driven Architecture. Building on
pstablished by UML, MOF introduced the concept of formal metamodels and Platform Independen
(examples include several standard OMG metamodels including UML, MOF itself, CWM, SPEM
, etc.) as well as mappings from PIMs to specifie.platforms (Platform Specific Models and mappi

h [ XMI24], MOF-to-XML Schema mapping-in the XMI production of XML Schema specificatior
a in the JMI specification).

dopted the MOF 1.1 specification;in"November 1997 coincident with the adoption of UML 1.1. Iy
ntly re-architected MOF 2.0 Cote was adopted by the OMG, aligned with the then also adopted U
etween MOF and UML was then completed with MOF 2.4 and UML 2.4 by sharing the same met
f UML and MOF, using,OCL constraints to define the metamodel subset relevant for MOF. The r¢
h is presented in this,document and referred to as “MOF 2” to distinguish it from the MOF 1.4 speg
exist as OMG specification and the ISO/IEC 19505 international standard.

presented by a:set of specifications: MOF 2 Core [MOF2], MOF 2 XMI Mapping (now titled XM
[XMI24},MOF 2 Facility and Object Lifecycle [MOFFOL], MOF 2 Versioning and Developme
MOF 2 Query/View/Transformations [QVT], MOF Model to Text [MOFM2T].

and application
be structure and

k and associated
. Examples of
S, etc.

the modeling

t Models (PIM)
[, Java EJB,

hg examples
XMI

[XMI24], and

March 2003,
ML 2.0. The
amodel for the
sulting MOF
ification, which

L Metadata
nt Lifecycle

6.2

triicture of the MOF 2 Specification

MOF 2 reuses the structural modeling capabilities of UML 2, based on the common metamodel shared between UML 2
and MOF 2. The OCL constraints limiting this metamodel to the MOF 2 - relevant subsets are defined in Clause for

EMOF and

Clause for CMOF. A reference to files with the OCL source code is provided in Annex.

Clause 7 provides an introduction to metamodeling and the MOF 2 architecture. Clause 8 introduces MOF 2 as a
metamodeling language.

© ISO/IEC 2014 - All rights reserved
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MOF 2 Core extends the shared metamodel with MOF 2 - specific capabilities. These are defined in Clauses 9 to 11 of
this document. These MOF 2 capabilities are:

« Reflection: Extends a model with the ability to be self-describing.

« Identifiers: Provides an extension for uniquely identifying metamodel objects without relying on model data that may
be subject to change.

- Extension: a simple means for extending model elements with name/value pairs. The following clauses describe each
of the packages making up the supported capabilities.

The varioug packages making up the MOF 2 capabilities are instances of CMOF::Package, and alhoDits ¢ontents are
instances of classes in the CMOF Model.

A metamodel is a model used to model modeling itself. The MOF 2 Model is used to modelitself as well 3s other models
and other metamodels (such as UML 2 and CWM 2, etc.). A metamodel is also used to model arbitrary metadata (for
example, sqftware configuration or requirements metadata).

The MOF 2 Model is made up of two main packages, Essential MOF (EMOF) @nd Complete MOF (CM(F). EMOF is
described i Clause 12. EMOF is designed to match the capabilities of object-0riented programming langpages and of
mappings t¢ XMI or JMI. The Complete MOF (CMOF) provides the full metamodeling capabilities of MQF 2. To enable
this, CMOH extends Reflection as described in Clause 13. CMOF itself isthen defined in Clause 14.

Clause 15 grovides an abstract instance model of MOF 2, effectivély providing a Platform-Independent Madel for CMOF.
Annex A provides links to machine-consumable definitions 6\ EMOF and CMOF using XMI.

MOF 2 shayes its metamodel with UML 2. Annex B provides links to the OCL source files to constrain the UML 2
metamodel |[down to EMOF or CMOF.

Annex C pfovides the normative mapping for the~migration from MOF 1.4 to MOF 2.

Annex D c¢ntains the bibliographic references for the citations throughout this document. The format usdd for these
citations is [[xyz].”

Annex E provides legal information and Annex F acknowledges the MOF 2 authors.

4 © ISO/IEC 2014 - All rights reserved
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MOF Architecture (informative)

General

This clause describes the architecture of the MOF and how it serves as the platform-independent metadata management
foundation for MDA. It also summarizes major architectural decisions that influenced the design of MOF 2. Finally, the

relationshi

of MQOFE 2 to TUMI 2 and the use of MOF to instantiate TUML 2 and future OMG metamodels

is summarized.

MOF 2 is 4
which is al

7.2

The primar]
framework
Schemas, a

strongly influenced by the UML 2 Infrastructure specification because of a shiared vision of reusing the c

concepts bd
designers W
possible. C
using simp]|
compliant 1
UML2 and
benefits of

+ Simj
or m|

» Vari
incly

» Brog

In any case
object orier

Based on tH
metamodel

1. Ea

w4

MOF 2 Design Goals

new generation of MOF [MOF2], aligned with UML 2 [UML2Sup]; it does not replace MOH
gned with UML 1.4 [UML1].

y purpose of this major revision of MOF is to provide a next-generation platform-independent
for OMG that builds on the unification accomplished in MOF 1.4, XMEt.2; XMI production
hd JMI 1.0. The modeling foundation of the MOF 2 has strongly influenced and, at the same {

tween UML 2, MOF 2, and other emerging OMG metamodels. The fact that some of the same
orked on both the specifications and championed these design-principles has made this unific
ntinuing the tradition of MOF since 1997, MOF2 can beused to define and integrate a family
e class modeling concepts. As in MOF1 only UML clags modeling notation is used to describ
netamodels. What is significant about MOF2 is that.we have unified the modeling concepts in|
reused a common UML2 Infrastructure library in both the MOF2 and UML2 specifications. T
this approach include:

ler rules for modeling metadata (just understand a subset of UML class modeling without any add
odeling constructs).

us technology mappings from MOF-(such as XMI, JMI, etc.) now also apply to a broader range d
ding UML profiles.

der tool support for metamodeling (any UML modeling tool can be used to model metadata more

MOF2 can be usedte define (without the need to reuse specific metamodel packages) both o
ted metamodels (as was true with MOF1).

e experiene® of implementers of MOF, XMI, and JMI in the context of well known industry s
such as(UML and CWM, some of the overriding design concerns and goals are:

be ofluse in defining and extending existing and new metamodels and models of software infrastry
ntedfo make sure that defining and extending metamodels and models of metadata is as simple as

1.4 [MOF1]

metadata

pof XML

ime, has been
bre modeling
companies and
hition and reuse
of metamodels
e MOF

MOF2 and

he major

tional notations

f UML models

casily).

bject and non-

tandard

cture. We
defining and

extending normal object models. The reuse of a ‘common core’ between UML 2, MOF 2, and additional key meta-
models (CWM, EAI) is key to accomplishing this goal. Future RFPs for CWM2, EAI2, etc. are expected to either
reuse the common core or propose changes to improve the reusability.

Making the MOF model itself much more modular and reusable. Note that this was also an overriding design goal for

the UML 2 Infrastructure submission. In a sense, we have begun the work of component-oriented modeling where
model packages themselves become reusable across modeling frameworks. The roots of this work began when CWM
was being defined. The complexity of modeling the data warehousing problem domain necessitated this divide-and-
conquer approach. The refactoring done so far has resulted in a more modular set of packages suitable for object
modeling.

© ISO/IEC 2014 - All rights reserved
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7.3

The use of model refactoring to improve the reusability of models. Some of the lessons learned were influenced by
the refactoring experience from the programming language domain at the class level that is much more widely used.
Also influencing our work was the experience of the CWM design team and the UML 2 design teams. While this
approach has resulted in a larger number of fine grained packages, we believe this approach will improve reuse and
speed the development of metamodels and new modeling frameworks. A direct result of this effort is the reuse of a
subset of ‘Common Core’ metamodel packages by MOF 2 and UML 2 Specifications.

Ensure that MOF 2 is technology platform independent and that it is more practical to map from MOF 2 to a number

—

0
thd
md
lan

Orf
go
inf]
ou
po
tod
etd
de

Re
sef|

avy
RH

M
int
clef
M
0

usq
of

—

Re
‘C
me
ort]

echnology platforms such as J2EE, .Net, CORBA, Web Services, etc. The experience gained in.th
MOF, XMI, and JMI specifications, which already define many technology mappings from-and t
del, has been a solid foundation for this effort. It is a design goal that MOF implementatiéns-using
guage mappings can interoperate (for example, using XML interchange).

hogonality (or separation of concerns) of models and the services (utilities) applied)to models is a

uenced and constrained by the assumed lifecycle semantics of CORBA based-metadata repositori
, the industry embraced a more loosely coupled way to interchange metadata (as well as data) as e
pularity of XML and XMI. Interestingly, vendors used MOF in many different ways - to integrate
Is, data warehouse tools, application management tools, centralized and distributed repositories, de

It became clear that to provide implementation flexibility, we had to decouple the modeling cong
irable metadata services such as metadata interchange (using XML streams versus using Java/CO
flection, Federation, Life Cycle, Versioning, Identity, Querics, etc. We consider this orthogonality
vices to be a very significant feature of MOF 2. Because of the variety of implementation choices
tilable, many of the more complex services (Federation, Versioning, Query, etc.) are subjects of ad
Ps.

DF 2 models reflection using MOF itself as;opposed to just specifying reflection as a set of techno
prfaces. This is in the spirit of item 5 above to model Reflection as an independent service. This af

DF 2 models the concept of idenfifier. The lack of this capability in MOF, UML, CWM, etc., made
metadata difficult to implenient: The authors understand that modeling identifiers is not easy, but
fulness in a simple domain.- identifiers for metadata first. A key design goal is to make it easy to
dentifier to W3C identfifier and referencing mechanisms such as the URI.

hse of modeling frameworks and model packages at various metalayers by better packaging of M
pabilities.” Note that some commonly used types and services can be used in defining the MOF it
tamodels/(such as UML and CWM), as well as user models and even user objects. A by-product g
hogonality principle is that some MOF capabilities can be used at multiple metalayers.

e definition of
the MOF
r different

very important

] for MOF 2. One of the lessons learned in MOF 1 and XMI 1 was that the original design of MOF was overly

es. As it turned
videnced by the
development
veloper portals,
epts from the
RBA objects),
of models from
and services
ditional OMG

ogy-specific
proach also

arly separates the concerns of reflection, life cycle management, etc., which were combined together in MOF 1.

interoperability
plan to show its
map this model

DF
self, various
f the

I.l

low-Many-MetatLayers?
9

One of the sources of confusion in the OMG suite of standards is the perceived rigidness of a ‘Four layered metamodel
architecture’ that is referred to in various OMG specifications. Note that key modeling concepts are Classifier and
Instance or Class and Object, and the ability to navigate from an instance to its metaobject (its classifier). This
fundamental concept can be used to handle any number of layers (sometimes referred to as metalevels). The MOF 2
Reflection interfaces allow traversal across any number of metalayers recursively. Note that most systems use a small
MOF Core Specification, v2.0 9 number of levels (usually less than or equal to four). Example numbers of layers include
2 (generic reflective systems - Class/Object), 3 (relational database systems - SysTable/Table/Row), and 4 (UML 2
Infrastructure, UML 1.4, and MOF 1.4 specification - MOF/UML/User Model/User Object). MOF 1 and MOF 2 allow
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any number of layers greater than or equal to 2. (The minimum number of layers is two so we can represent and navigate
from a class to its instance and vice versa). Suffice it to say MOF 2 with its reflection model can be used with as few as

2 levels and

as many levels as users define.

7.4 Reuse of Common Core Packages by UML 2 and MOF 2

The UML 2 Infrastructure Library uses fine grained packages to bootstrap the rest of UML 2. A design goal is to reuse

this infrastrificture in the definition of the MOF 2 Model. In MOF 2 this reuse 1S simply accomplished by

CMOF extgnsibility mechanism -- merging existing MOF 2 compliant packages. Importing packagesimakes model

elements cdntained in the imported package visible in the importing package. Merging packages extends

in the mergj

Infrastructure document in the PackageMerge sub clause. Note that both the UML 2 model @and the MOF

designed to

Standard clpss modeling concepts (importing, subclassing, adding new classes, associations, and adding aj

between ex

These concgpts are used to define additional packages (such as Reflection, Extents, and Identities) in MOH
any other MIOF 2 compliant model.

Figure 7-1 phows that MOF imports the UML Core, and then extends¢the Core with additional packages.

ng package with new feature deltas from the merged package. The details are covered-in the

be compliant to MOF 2 and be instantiable from MOF 2.

sting classes) are used for MOF 2 extensibility. (This is identical to the.extensibility mechani

\{ing a standard
odel elements

UML 2
2 model are

ssociations
tm in MOF 1).
2 as well as in
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InfrastructureLibrary::Core::Constructs e Amergen UML::Classes::Kernel
| T
| wimports |
W |
TPTIMIUVE Types T
|
T |
| «in‘p-ort» | @ MEerges
1
& 0 |
mprae MOF::Common
— _— — +t —_— _— —_——_— - a |
' |
| «imports 7 ~.  timports |
| d -
- ™ |
' | - |
| MOF::Identifiers N MOF::Reflection
f———-—— =
|
!
| T T i3
! # .\
| | wmerges Qe
Y
| amerges | SMerge: ~
! s
| | / [ 1 ﬁ
| I / MOF::Extension MOF::CMOFReflection
| | /
| I / ) ™ T
r ~ o Y amerges
I | / o amergen ~ e I
%, |
[ / /
| ) P — ] |
| ' ; MOF::CMOFExtension |
[ | / ’
| Coh T !
f 4 |
| | ’1 . |-xn1crgc»
|
| | I
| L/ | !
_ _ | MOF:EMOF | _ -\ ymerge» | MOF:CMOF | _ _ _ |
Figure 7-1 | MOF _imports from the UML Core

8 © ISO/IEC 2014 - All rights reserved


https://iecnorm.com/api/?name=c76563ff0f53565b45ad9e86d070dfc1

8

8.1

ISO/IEC 19508:2014(E)

Language Formalism

General

This clause explains techniques used to describe the MOF. The MOF is described using both textual and graphic
presentations. The International Standard uses a combination of languages (a subset of UML, an object constraint

language, a

dprecise natural lancuacge) to nrecisels describe the abstract svntax and semantics of the M
Ir E=} o/ r J

F. Unlike

MOF 1 and
reuses muc
CMOF, wh
and merge
each is derf

8.2

Please refef
same formd
somewhat

83 U

Packages i1
related mod
model elen
relaxes this
they may b
etc. The se
modeling 14
new integrd
similarly n3

Metamodel Specification

UML 1 where slightly different techniques (sometimes subtly different) were used, the MOE
h of the formalisms in the UML 2 Infrastructure. In particular, EMOF and CMOF are both des
ch is also used to describe UML2. EMOF is also completely described in EMOF by applying p

ved from, or reuses part of, the UML 2 Infrastructure Library.

to the clause “Language Formalism” in the UML 2 Infrastructuré.document. The CMOF mo
lisms and in fact simply imports and merges packages in the UML 2 Infrastructure Library. E
impler as described in the next sub clause.

sing Packages to Partition and Extend Metamodels

UML2 Constructs can be used for two purposes, The first is package import; a mechanism f¢
el elements together in order to manage complexity and facilitate reuse. Since a Package is als
ents referenced across package boundariesimust be qualified by their full package name. Pack
constraint by making model elements ifthe imported package directly visible in the importing
e used in associations with other model elements, specialized with sub-classes that provide add
ond use of packages is to facilitate“combining new or reusable metamodeling features to crea
nguages. Package merging combines the features of the merged package with the merging pa
ted language capabilities. After package merge, classes in the merging package contain all thd
med classes in the merged package.

2 specification
cribed using
ackage import,

semantics from its CMOF description. As a result, EMOF and CMOF are describéd\using themselves, and

lel reuses the
MOF is

r grouping

a Namespace,
age import
package where
tional features,
e extended
kage to define
features of
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9 Reflection

9.1 General

ISO/IEC 19508:2014(E)

Metaobjects enable use of objects without prior knowledge of the objects’ specific features. In a MOF context, an object’s
class (i.e., its metaobject) reveals the nature of the object - its kind, its features. The Reflection Package allows this

discovery a

Figure 9.1

relationship

d manipn]ah'r\h of mptqnhjpr‘fc and-metadata

hows the MOF Reflection architecture. The classes on the left side of the diagram are introdud
by MOF::Rleflection, while the right side of the diagram shows the classes shared with the UML Superstr
is also illustrated in the embedded Package diagram.

ed or extended
cture. That

MOF::Reflection::Object

+get( property : Property ) . Object{query}

+equals| elemer]t : Object ) : Boolean{query}

+5et| property : Property, value : Object )

+is Sat( property|: Property ) : Boolean{query}

+unset| property : Property )

+inveke| op : Oferation, arguments : Argument [0.."] ) : Object [0..1]

—

I

MOF::Common UML::Classes::Kernel
™ N ‘ UML::Classes.:Kemel.:Elefiont ‘
simporte /  umerges

MOF::Reflection

| UML::Classes::Kermel::Name|

VElement |

[T

T
|

| UML::Classes::Kemeal::PackagoableElement|

MOF.:Reflection:: Type

UML::Classes.:Kermnal:: Type ‘ UML::Classes

+isInstance( cbject : Object ) : Boolean{glery}

MOF::Reflection:.Element

+getMetaClass(
+container() ; El
+isInstanceOfT

: Class{guery}
ment{guery}

pe( type : Class, includesSufitypes’: Boolean ) ;| Boolean{guery)

T

MOF::Reflection::Factory

+createFromsStringl dataType.: DataType, string ; String ) : Object
+convertToString( dataType | DataType, object : Object ) : String
+ereate| nmtaCFss NCldss ) : Element

:Kernel::Namespace

+conformsTo| other | Type | | Boolean{query)

+metaclass
0.* 1

‘ UML::Classes.::Kemel:: Cfassr;’rbr‘

f

UML::Classes::Kernel::Class ‘

+package

=

1

UML::Classes::Kernel::Papkage

+URI ; String [0..]

Figure 9.1- The Reflection Package

9.2 Element

Every Element has a Class that describes its properties and operations. The Element is an Instance of this Class. Element
merges and extends Basic::Element. All model elements that specialize Reflection::Element inherit reflective capabilities.
In particular, this includes all model elements from UML2 Infrastructure.

© ISO/IEC 2014 - All rights reserved
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All the conditions in sub clause 12.5 are also part of the reflective behavior.

If any reflective operation attempts to create cyclic containment, an IllegalArgumentException is thrown.

Properties
Imetaclass: Class
Returns the Class that describes this element. This is a derived property provided for convenience and consistency.

Operationls

getMetaClass() : Class

Returns the[ Class that describes this element.
contaiher(): Element

Returns the| parent container of this element if any. Return Null if there is no containing element.

Constraints

No additionjal constraints.

Semantics

Class Elemgnt is the superclass of all classes defined in MOF, and is an implicit superclass of all metaclasses defined
using MOF} this superclass relationship to Element does not ‘neéd to be explicitly modeled in MOF-complliant
metamodelg, and if implicit in this way Element is not included in the list of superclasses.

By creating| Properties with type Element it is possibletto reference elements in any MOF-compliant mode|, similar to the
use of xsd:any in XML Schemas.

Each elemepnt can access its metaClass in ordér'to obtain a Class that provides a reflective description of thjat element. By
having both MOF and instances of MOF be tooted in class Element, MOF supports any number of meta |ayers as
described im Clause 7, “MOF Architecture:”

The following describes the interattion between default values, null, isSet, and unSet.

Single-valued properties

If a single-yalued propenty has a default:
« It is pet to that.default value when the element is created. isSet=false.

« Ifth¢ yalue of that property is later explicitly set, isSet=true, unless it is set to the default value (if any) in which case
isSet=false-

« If the property is unSet, then the value of the property returns to the default, and isSet=false.
If a single-valued property does not have a default:

- At creation, its value is null. isSet=false.

- Ifthe value of that property is later explicitly set, even to null, isSet=true.

« If the property is unSet, then the value of the property returns to null, and isSet=false.

12 © ISO/IEC 2014 - All rights reserved
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Multi-valued properties:
« When the element is created, it is an empty list (isSet=false).
« Ifthe list is modified in any way (except unSet), isSet=true.
« If'the list is unSet, it is cleared and becomes an empty list (isSet=false).

The implementation of isSet is up to the implementer. For default values, implementations are not required to access
stored metadata at runtime. It 1s adequate to generate a constant in the implementation class for the default.

Rationale

Element is jntroduced in package Reflection so that it can be combined with Core::Basic to preduce EMQF, which can
then be mefged into CMOF to provide reflective capability to MOF and all instances of MOFE.

9.3 Factory

An Elemen} may be created from a Factory. A Factory is an instance of the MOF Factory class. A Factorly creates
instances of the types in a Package.

Properties

+ packiage: Package [1] Returns the package this is a factory.for.
Operatiols:
createFromString(dataType: DataType, string: String): Object

Creates an Pbject initialized from the value of the-String. Returns null if the creation cannot be performed|! The format of
the String if defined by the XML Schema SimpleType corresponding to that datatype.

+ Excgption: NullPointerException:if-datatype is null.

+ Excgption: lllegalArgumentException if datatype is not a member of the package returned by getPadkage().

convertToString(datatype: DataType, object: Object): String

Creates a Sfring representation of the object. Returns null if the creation cannot be performed. The format|of the String is
defined by the XML S¢hema SimpleType corresponding to that dataType.

« Excpption: HlegalArgumentException if datatype is not a member of the package returned by getPafkage() or the
suppllied’object is not a valid instance of that datatype.

create(metaClass: Class): Element

Creates an element that is an instance of the metaClass. Object::metaClass == metaClass and metaClass.isInstance(object)
== true.

All properties of the element are considered unset. The values are the same as if object.unset(property) was invoked for
every property.

Returns null if the creation cannot be performed. Classes with abstract = true always return null.

The created element’s metaClass == metaClass.
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- Exception: NullPointerException if class is null.

- Exception: lllegalArgumentException if class is not a member of the package returned by getPackage().

Constraints

The following conditions on metaClass: Class and all its Properties must be satisfied before the metaClass: Class can be

instantiated

. If these requirements are not met, create() throws exceptions as described above.

[1] Meta ol
[2] Name 1
[3] Propert
[4] Propert
[5] Propert
[6] Enforcd
[7] Propert]
[8] Multiv{
[9] Propert
[10] Propert]
[11] Propert]
[12] Propert]

Items 3-12

These condjtions also apply to all superclasses of the class being instantiated.

Changes from MOF 1.4

None

94 (

Reflection aLntroduces Object-as a supertype of Element in order to be able to have a Type that represents

and data v

941 O

ject must be set.
hust be 1 or more characters.
y type must be set.
: 0 <= LowerBound <= UpperBound required.
: 1 <= UpperBound required.
ment of read-only properties is optional in EMOF.
ies of type Class cannot have defaults.

lued properties cannot have defaults.

y: Only one end may be composite.
: Bidirectional opposite ends must reference each other:

y and DataType: Default value must match type.

apply to all Properties of the Class.

)bject

ues. Objectaepresents ‘any’ value and is the equivalent of java.lang.Object in Java.

perations

: Container end must not have upperBound >1, a property can only be contained in one containet.

equals(object: Object): Boolean

both elements

Determines if the object equals this Object instance. For instances of Class, returns true if the object and this Object
instance are references to the same Object. For instances of DataType, returns true if the object has the same value as this
Object instance. Returns false for all other cases.

get(property: Property) : Object

Gets the value of the given property. If the Property has multiplicity upper bound of 1, get() returns the value of the
Property. If Property has multiplicity upper bound >1, get() returns a ReflectiveCollection containing the values of the
Property. If there are no values, the ReflectiveCollection returned is empty.

14
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« Exception: throws Illegal ArgumentException if Property is not a member of the Class from class().

set(property: Property, object: Object)

If the Property has multiplicity upper bound = 1, set() atomically updates the value of the Property to the object
parameter. If Property has multiplicity upper bound >1, the Object must be a kind of ReflectiveCollection. The behavior

is identical
Reflecti

to the following operations performed atomically:
veSequence list = element.get(property);

list.cleg
list.add

There is no|
« Excq

« Excq
mul]

« Excq
bour

« Excq
bour

isSet(

If the Propd
default valy
the list is >|

« Excq

unset(property: Property)

If the Propg
DataType ty
Reflective(

Reflect
list.cleg

There is no|

After unset

r();
All((ReflectiveSequence) object);

return value.
ption: throws Illegal ArgumentException if Property is not a member of the Class{rom getMetaCl

ption: throws ClassCastException if the Property’s type isInstance(element) teturns false and Proj
iplicity upper bound = 1.

ption: throws ClassCastException if Element is not a ReflectiveColl€ction and Property has multi
d>1.

d>1.

broperty: Property): Boolean

rty has multiplicity upper bound of 1, isSet()\feturns true if the value of the Property is differ
e of that property. If Property has multipli¢ity upper bound >1, isSet() returns true if the numb
0.

ption: throws Illegal ArgumentException if Property is not a member of the Class from getMetaCl

rty has multiplicity upper bound of 1, unset() atomically sets the value of the Property to its d
pe properties and nullMfor Class type properties. If Property has multiplicity upper bound >1, uj
ollection of values of'the Property. The behavior is identical to the following operations perforr]

veCollection list\= object.get(property);
r():

return‘alue.

Ms.Called, object.isSet(property) == false.

ass().

erty has

plicity upper

ption: throws Illegal ArgumentException if element is null, Property is of type Class, and the multfiplicity upper

ent than the
er of objects in

ass ().

efault value for
iset() clears the
hed atomically:

« Exception: throws Illegal ArgumentException if Property is not a member of the Class from getMetaClass().
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10 Identifiers

10.1 General

An element has an identifier in the context of an extent that distinguishes it unambiguously from other elements.

There are practical uses for object identifiers. Identifiers can simplify serializing references to external objects for
interchange They can serve to coordinate data updates where there has been replication, and can provide|clear
identificatign of objects in communication, such as from user interfaces. Identifiers support comparing-\for| identity where
implementdtions might have multiple implementation objects that are to be considered, for some purposes, to be the same
object. Iderdtifiers also facilitate Model Driven Development by providing an immutable identifier that cah be used to
correlate mpdel elements across model transformations where both the source and target models may be gubject to
change. Mddel to model reconciliation requires some means of determining how model elements were mapped that does
not rely onfuser data (such as names) that may be subject to change.

Figure 10-1 shows the MOF Identifiers architecture. The classes on the left side-0f'the diagram are introduced by
MOF::Identifiers and derived from MOF::Object. They are MOF capabilitiesynet model elements. The right side of the
diagram shpws Package and Property, their URI and isID attributes originated in MOF, but are from this persion on
shared withl the UML Superstructure. The package diagram insert on the far right illustrates the position of the Identifiers
package in [the package stack.

MOF::Reflection::Object UML::Classes::Kernel::Package
+get( property|: Property ) | Object{query} ——
+equals( elempnt | Object ) | Beclean{query} *URI : String [0..] |
+set| property|: Property, value : Object ) +makesVisible{ el : NamedElement ) : Boolean{gquery} P
e Cntl ) v - ' PrimitiveTypes
+isSet( propery : Property ) : Boolean{query} +mustBeCwned() : Boolean{redefines mustBeOwned, query) yp
+unset( propefty : Property | - +nestedPackage() : Package [0.."}{query}
+inveke( op : Pperation, arguments : Argument [0.."] ) : Object [0..1] +ownedTypa() : Type [0..*Hquery} pl
+isibleMembers() : PackageableElernent [0..*|{query}

T | «imports

|
MOH::Identifiers::Extent | |

+useContainmient() | Boolean{query} UML::Classes::Kemel::Property MOF::Common
+elements() : ReflectiveSequence{guery} FP e —————

T
T +default() : String [0..}{query} |ocin1portn
— +isAttribute( p : Property ) : Boolean{guery}
MOF::|dentifiers::URIExtant +isComposite() | Boolean{guery} | l

+contextURI()[: String{query] +isConsistentWith| redefinee : RedefinableElement ) | Boolean{redefines isConsistentWith,query}

+uri{ cbject : ement ) : Sttindfgtiery} :isNavilga!:?Ic.[g: Boolean{query}
+glement( uri | String j-Elament{quary) ":EE‘::;TAQCO;?EE};IT[?FET[G Hescy)

MOF::ldentifiers

Figure 10.1 - The Identifiers package

10.2 Extent

An Extent is a context in which an Element in a set of Elements in a set can be identified. An element may be a member
of zero or more extents. An Extent is not an Element, it is part of a MOF capability.

Properties

No additional properties.
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Operations
useContainment(): Boolean

When true, recursively include all elements contained by members of the elements().
elements(): ReflectiveSequence

Returns a ReflectiveSequence of the elements directly referenced by this extent. If exclusive()==true, these elements must
have containerQ==null Extent elements() is a reflective operation_not a reference between Extent and Element.

Constraints

No additional constraints.

Semantics

When the element is created, it is not assigned to any Extent.

Rationale

Extents projvide a context in which MOF Elements can be identified independent of any value in the Elerent.

10.3 URIExtent

An extent that provides URI identifiers. A URIExtent can haye a’ URI that establishes a context that may|be used in
determining identifiers for elements identified in the extent>Implementations may also use values of properties with
isID==true |in determining the identifier of the element.

Propertie$

No additiorfal properties.
Operations

contextURI(): String

Specifies af identifier for theé extent that establishes a URI context for identifying elements in the extent.|An extent has
an identifief if a URI is asSigned. URI is defined in IETF RFC-2396 available at http://www.ietf.org/rfc/rfc2396.txt.

uri(element: Element): String

Returns the] URIMof the given element in the extent. Returns Null if the element is not in the extent.

element(uri: String): Element

Returns the Element identified by the given URI in the extent. Returns Null if there is no element in the extent with the
given URI. Note the Element does not (necessarily) contain a property corresponding to the URI. The URI identifies the
element in the context of the extent. The same element may have a different identifier in another extent.

Constraints

No additional constraints.
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Semantics

The URI m

Rationale

ay incorporate the value of Properties that are marked as an identifier (isID==true).

URIs are defacto standard identifiers. They are useful for identifying MOF elements and navigating links between them.

10.4 MOF-Common

Package M
Figure 10.2
illustrates t

DF::Common contains MOF-internal features to handle multi-valued entities. These features, 4
, are used throughout MOF, but are not model elements. The package diagram inserted ‘in Figy
he usage of the PrimitiveTypes package shared between UML and MOF.

MOF:Reflection::Object

+aet( proy
+eguals(

+zet( projy
+HisSet( pr
+unset( p
+invoke( g

erty . Property ) . Object{guery}

Element : Object ) : Boolean{guery}

erty . Property, value : Ohject )

operty : Property ) : Boolean{guery }

roperty - Property )

P . Operation, arguments : Argument [0..*] ) : Object [0..1]

1

MOF:Common:ReflectiveCollection
+add{ object : Object ) : Boolean
+addAlll ghjects : ReflectiveCollection ) : Boolean =PrimitiveTypes
+clear()
+removel|object : Object ) . Boolean
+sizel()  Integer{guery } 0
| cimport=
|
MOFzCommon:ReflectiveSequence |
+add( index : Integer, object © Ohject ) MOF::Common
+get( indgx : Integer ) : Object{guery }
+remove(|index : Integer ) : Ohject
+set indgx : Integer, object : Ohject ) : Object
Figure 10.2(- The Common package

10.5 R

Reflective(
package M

leflectiveCollection

ollectionnis a reflective class for accessing properties with more than one possible value. It is
DFE~Common in order to facilitate reuse in many other MOF capabilities.

s shown in
ire 10.2

defined in

For ordere

pIUper[ieS, KCIICCIiVeDunenCC (5C€C DCIOW) Must DC reurncd.

Modifications made to the ReflectiveCollection update the Object’s values for that property atomically.

+ Exception: throws ClassCastException if the Property’s type isInstance(Element) returns false.

add(object: Object): Boolean

Adds object to the last position in the collection. Returns true if the object was added.

addAll(elements: ReflectiveSequence): Boolean
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Adds the objects to the end of the collection. Returns true if any elements were added.

clear()

Removes all objects from the collection.

remove(object: Object): Object

R t e ad los. 4+ 41 11 fa R ot 4 w4l 1o 4+ u |
€moves CSpPeeHICa oo eCT o e Corce o et S a1 e o0 CCT wasTenro vea:

size():[Integer

Returns thel number of objects in the collection.

10.6 ReflectiveSequence

ReflectiveSequence is a subclass of ReflectiveCollection that is used for accessing,ordered properties withf more than one
possible value. Modifications made to the ReflectiveSequence update the Element’s values for that propefty atomically.

« Excqption: throws lllegalArgumentException if a duplicate would be.added to the collection and
Property.isUnique()==true.

+ Excdption: throws IndexOutOfBoundsException if an indéx ot of the range of 0 <= index < size() |s used.

« Excdption: throws lllegalArgumentException if a duplicate would be added to the list and Property is of type Class
or Pfoperty.isUnique()==true.

add(index: Integer, object: Object)

Adds object to the specified index in the sequence; shifting later objects.
get(ingdex: Integer): Object

Returns the| object at the given index in-the sequence.

removie(index: Integer){ Object

Removes the object at the specified index from the sequence. Returns the object removed.

set(index: Integer, object: Object): Object

Replaces thie object at the specified index with the new object. The removed object is returned.
Behavior of particular operations defined in ReflectiveCollection is the following when applied to a ReflgctiveSequence:

add(object: Object): Boolean

Adds object to the end of the sequence. Returns true if the object was added.

addAll(objects: ReflectiveCollection): Boolean
Adds any objects from the parameter collection to the end of the target sequence:

+ in the same order if parameter is unordered then the ordering is random.
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- if the target is a unique sequence, then only if they are not already present, this includes objects already added from the
parameter that has the effect of removing duplicates from the parameter collection if not unique.

Returns true if any objects were added.

remove(object: Object): Boolean

Removes the first occurrence of the specified object from the sequence.
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11 Extension

11.1 General

MOF models provide the ability to define metamodel elements like classes that have properties and operations. However,

it is sometimes necessary to dynamically annotate model elements with additional, perhaps unanticipated, information.
This information-could-include information miecing from the mnr‘p], or-data rpr}nirpﬂ by g pqrfimﬂar tool, The MOF

Extension dapability provides a simple mechanism to associate a collection of name-value pairs with model elements in
order to addlress this need. This is shown in Figure 11.1.

MOF. :Reflection. :Element

+getMetaClass() : Class{guery}
+container(] : Element{query}
+isInstanceDfType( type : Class, includesSubtypes : Boolean ) | Boolean{guery})

T +element (0.."

MQF::Extension::Tag

+ngme : String
+v3lue : String

Figure 11.1] - The Extension package

1.2 Tag

A Tag repr¢sents a single piece of information that can be associated with any number of model elementy. A model
element can be associated with many Tags, and the same Tag can be associated with many model elements.

Properties

+ namg: String - The name used to distinguish Tags associated with a model element.
+ valug: String - The valué of the Tag. MOF places no meaning on these values.
« clements: Element,[0x*] - The elements that tag is applied to.

« owngr:Elemerit [0..1] - The element that owns the tag (for management purposes).

Operations

No additionat operations.

Constraints

No additional constraints.

Semantics

A Tag represents a named value that can be associated with zero or more model elements. A model element cannot have
more than one tag with the same name. How tags for a model element are located is not specified by MOF.
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A Tag may be owned by another element. This might be a Package, where the tags have been applied externally to the
model, or one of the Elements to which the Tag has been applied.

Rationale

Simple string name-value pairs provide extensibility for MOF models that cover a broad range of requirements. They are
included to reduce the need to redefine metamodels in order to provide simple, dynamic extensions.
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12 The Essential MOF (EMOF) Model

12.1 General

This clause defines Essential MOF, which is the subset of MOF that closely corresponds to the facilities found in OOPLs
and XML. The value of Essential MOF is that it provides a straightforward framework for mapping MOF models to

implement.
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MultiplicityElement
+isOrdered : Boolean = false
A +isUnique : Boolean = true

+/lower : Integer [0..] =1
|Feature| | TypedElement| +fupper : UnlimitedNatural [0..] = 1

+ + lizati
Classifier general ST Generalization T T T
0.*
+isAbstract : Boolean = false StructuralEsati
. +specific ~ +generalization
+isReadOnly : Boolean = false
N 0.* T
Claps Property +memberEnd +associption | Association
- *olass *ownadAtiribute +aggregation : AggregationKind = none | 2. * {ordered)
0.. 0..* [+/default : String [0..]
{ordered} | #isComposite : Boolean +ownedEnd +owningAssociatipn
+isDerived : Boolean = false
0. {ordered} 0.
+class
0.* +lopposite
0..
+/superClass +property
0.*
0- |MultiplicityEIemen-| | TypedEIement|
Operation . Pafameter
+operation +ownedParameter
+dl N dOperati +/isOrdered : Boolean.='false{readOnly} ——& +direction : ParareterDirectionKind = iry
class ownedOperation 1.+ isUnique : Boolean =, frue{readOnly} 0.. orderga
0.. 0..* |+/lower : Integer [0..] = 1{readOnly} { }
+/upper : UnlimitedNatural [0..] = 1{readOnly}
+operation +raisedException
% Type
0.* 0.*
{ordered}
Figure 12.2[ - EMOF Classes
[
Fi
il
DataType InstanceSpecification
PrimitivuType| |Enumcrmion lL-venumaration +ownedLiteral e, merationLiteral
0.

Figure 12.3 - EMOF Data Types
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PackageableElerment
+visibility : VisibilityKind = public{redefines visibility}

i

+packagedElement
0.-

+owningPackage | 0.1

Package +package +ownedType .’ng_ﬂ
+URI : String [0..] 0. o —
+nestingPackage

0.1
+nestedPackage
0.*

Figure 12.4/- EMOF Package

+owningElement

*| +ewpedComment

Element
0.1
+annotated Element
T 0.*
+comment | 0.
NamedElament Comment
+name [ String [0..] +body : String [0..]

+iqualifledMame : String [0..}{readOnly}
+visibilify : VisibilityKind [0..]

I

PackageableElement
£
TypodEfs.-norrJl'melem&nt *ype Tyee
0.* 0.

Figure 12.5/- EMOF Types

12.3 Merged Elements from MOF

The EMOF|Medel'merges the following packages from MOF. See the capabilities clauses (9 through 11) for diagrams of

the EMOF tapabilities.

« Identifiers
» Reflection
» PrimitiveTypes

« Extensions

28
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12.4 EMOF Constraints

These constraints have a formal representation in executable OCL, as referenced from Annex B.
[1] The type of Operation::raisedException is limited to be Class rather than Type.

[2] Notationally, the option is disallowed of suppressing navigation arrows such that bidirectional associations are
indistinguishable from non-navigable associations.

3 - 1_C 1L L 11 & ya XLl Q bl it
[ ] Namespare TCUITTU TOT all INAITICULTICIIICIITS CXCCPT 10T valuC SPCTITICAtIons.

[4] Core::Basic and EMOF does not support visibilities. All property visibilities must be explicitly set to'publlic where
applicaple, that is for all NamedElements, ElementImports and Packagelmports. Furthermore, no"alias is pllowed for any
ElementImport.

[5] The definitions of Boolean, Integer, and String are consistent with the following implementation definitigns: o Boolean:
http://Www.w3.org/TR/xmlschema-2/#boolean o Integer: http://www.w3.org/TR/xmlschema-2/#integer o| String: http://
www.w3.org/TR/xmlschema-2/#string [ XSD-D].

[6] All thejabstract semantics specified in the Clause 15, “CMOF Abstract Semantics® are optional for EMOF.
[7] Property.isID can only be true for one Property of a Class.

[8] An EMIOF metamodel is restricted to use the following concrete metaclasses from UML’s Kernel:

« Asspciation
« Claps
+  Compment

« DatphType

«  Enymeration

« EnymerationLiteral

«  Gerjeralization

+ InstanceValue

- LitgralBoolean

« Litgrallnteger

« LitgralNull

+ LitgralReal
 LitgralString

+ LitgralUnlimitedNatural

«  Opgration

» Package
+ Parameter
+ PrimitiveType
» Property
[9] The following properties must be empty:

+ Association::navigableOwnedEnd
« Class::nestedClassifier

+ Classifier::/general for instances of Datatype
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»  Operation::bodyCondition

«  Operation::postcondition

» Operation::precondition

» Operation::redefinedOperation
« Parameter::defaultValue

+ Property::qualifier

» Property::redefinedProperty
« Property::subsettedProperty
[10] The following properties must be false:

« Asspciation::isDerived
+ Clagsifier::isFinalSpecialization
» Feature::isStatic
«  Property::isDerivedUnion
* RedefinableElement::isLeaf
[11] Generalization::isSubstitutable must be true.

[12] An Asspciation has exactly 2 memberEnds, may never have a nayigableOwnedEnd (they will always be ¢wned by
Classed) and may have at most one ownedEnd.

[13] An Opgration can have up to one Parameter whose direction.is ‘return;’ furthermore, an Operation cannof have any
ParamefterSet per constraint [8].

[14] Commgnts may only annotate instances of NamedElement.

[15]Only ome member attribute of a Class may have\isId=true.

[16] Propertly::aggregation must be either ‘none*or ‘composite.’

[17] Enumerations may not have attributes.dr/operations.

[18] BehavipralFeature must be sequential.

[19] Class must not be active.

[20] An EnymerationLiteral must not have a ValueSpecification.

[21] An Opgration Paraméter must have no effect, exception, or streaming characteristics.

[22] A TypedElement cannot be typed by an Association.

[23] A TypedEletment other than a LiteralSpecification or an OpaqueExpression must have a Type.

[24] A TypedEleiment that is a kind of Parameter or Property typed by a Class cannot have a default value.

[25] For a TypedElement that is a kind of Parameter or Property typed by an Enumeration, the defaultValue, if any, must
be a kind of InstanceValue.

[26] For a TypedElement that is a kind of Parameter or Property typed by a PrimitiveType, the defaultValue, if any, must
be a kind of LiteralSpecification.

[27] A composite subsetting Property with mandatory multiplicity cannot subset another composite Property with
mandatory multiplicity.

[28] A Property typed by a kind of DataType must have aggregation = none.
[29] A Property owned by a DataType can only be typed by a DataType.
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ssociation memberEnd Property must be typed by a Class.

[31] A multi-valued Property or Parameter cannot have a default value.

[32] The val

ues of MultiplicityElement::lowerValue and upperValue must be of kind Literallnteger and

LiteralUnlimitedNatural respectively.

12.5 EMOF Definitions and Usage Guidelines for the UML Models

When the H

Package

MOF package is used for metadata management the following usage rules apply.

«  Although EMOF defines Package and nested packages, EMOF always refers to modelelements by d

ref

brence. EMOF never uses any of the names of the elements. There are no operations to access any

NamedElement::name. Instances of EMOF models may provide additional namespace semantics to 1
as peeded.
Properties
«  Allproperties are modified atomically.

«  Wj

« De
imj

en a value is updated, the old value is no longer referred tg.

Fived properties are updated when accessed or when their derived source changes as determined b
blementation. They may also be updated specifically\using set() if they are updateable.

Type==DattaType

« Th

«  Prq
if B

e value of a Property is the default when anobject is created or when the property is unset.

perties of multiplicity upper bound>.1 have empty lists to indicate no values are set. Values of th
roperty.isUnique==true.

«  “Identifier” properties are properfies having property.idID==true.
Type==Class
«  Prqperties of multiplieity upper bound == 1 have value null to indicate no object is referenced.

«  Prq
val

- EM

perties of multiplicity upper bound > 1 have empty lists to indicate no objects are referenced. Nul
pe within'the list.

[OF .docs not use the names of the properties, the access is by the Property argument of the reflect

rect object
thing by
ested packages

the

b list are unique

is not a valid

ve interfaces. It

do

s hot matter what the names of the Properties are, the names are never used in EMOF. There is no

special meaning

for having similar names. The same is true for operations, there is no use of the names, and there is no name collision,
override, or redefinition semantics. EMOF does not have an invoke method as part of the reflective interface, so there
are no semantics for calling an EMOF operation. The names and types of parameters are never compared and there is
no restriction on what they can have singly or in combination. Other instances of EMOF metamodels, or language
mappings, such as JIMI2, may have additional semantics or find that there are practical restrictions requiring more
specific definitions of the meaning of inheritance.

Property::isComposite==true

« An

object may have only one container.
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»  Container properties are always multiplicity upper bound 1.
«  Only one container property may be non-null.
«  Cyclic containment is invalid.

« If an object has an existing container and a new container is to be set, the object is removed from the old container
before the new container is set.

« Adffinga confainer updates both the confainer and containment properties on the contained and contgining objects,
respectively. The opposite end is updated first.

«  Th¢ new value is added to this property.
Property:JisComposite==false, Bidirectional
«  Th¢ object is first removed from the opposite end of the property.
« If the new value’s opposite property is of multiplicity upper bound == 1, its ‘old“value is removed.
«  This object is added to the new value’s opposite property.

«  Th¢ new value is added to this property.

« Evarything that may be accessed by MOF is an Object.

* An Dbject that is not also an Element may be an instance of one DataType.

12.6 Predefined Tags

This sub clause defines a predefined Tag whose name is “org.omg.emof.oppositeRoleName” that can be gpplied to
instances of Property within instances ofthe' EMOF model.

Constraints

contel[:t Tag inv:

The predefined Tag can.dnly be applied to instances of Property whose “opposite” Property is empty
name = “jorg.omg.emof.oppositeRoleName” implies

element.o¢lIsKindOf(Property) and element.oclAsType(Property).opposite->isEmpty()

Semantics

If an instance of a Tag has “org.omg.emof.oppositeRoleName” as its “name,” then its “value” specifies a role name that
expressions can use to traverse in the opposite direction of the Property, such as OCL expressions and QVT expressions.

LEINT3

If an expression uses a role name specified using a Tag with “name” “org.omg.emof.oppositeRoleName,” and more than
one Property has such a Tag with that role name, then it is up to the expression language to decide whether this is an error
condition or represents a reverse navigation across all those Properties. An expression language should not choose to pick
one such Property at random in case of ambiguity.
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Rationale

Use of this Tag is lighter weight than using Property’s “opposite” Property. Use of the “opposite” Property in all cases
where what is required is only the ability for expressions to traverse in the opposite direction would have the following
negative consequences:

« It would result in tighter coupling among Classes.

« It would add to the runtime burden that instances of the model place upon the underlying infrastructure that manages
them, by: 1) increasing the overall footprint, since the opposite Property adds substantially to the contract of the Class
thatf owns the additional Property designated as the opposite of the original Property; 2) requiring'that|storage be
alloecated for instances of the additional Property; and 3) requiring that referential integrity be'maintaiped in storage
amg@ng instances of the original Property and instances of the additional Property.

It is beyond the scope of MOF Core to specify the concrete syntax that expressions use ferntraversal via the
org.omg.enjof.oppositeRoleName in languages such as OCL and QVT.
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13 CMOF Reflection

13.1 General

CMOF::Reflection provides extended capabilities over the MOF::Reflection package. The package diagram in
Figure 13.1 shows how the CMOF::Reflection package extends MOF::Reflection.

| 1

InfrastrugtureLibrary::Core::Constructs wimports -:PrimitiveTypes
— — — 3

T
|#merges
—l I

UML::Classes::Kernel

i

wimports

D
| «merge»
|
| |

MOF::Reflection wimports N MOF::Common

T
| smerges

|

MOF::CMOFReflection

Figure 13.1 - CMOF Reflection

CMOF::Reflection merges additional operations into the existing Object, Extent, and Factory classes, and adds a Link
class and ah Argument datatype..Ihese additions by CMOF::Reflection are shown in Figure 13.2.

© ISO/IEC 2014 - All rights reserved 35


https://iecnorm.com/api/?name=c76563ff0f53565b45ad9e86d070dfc1

ISO/IEC 19508:2014(E)

MOF::Reflection::Object

+get| property : Property ) | Object{guery}

+equals| element : Object ) : Boolean{query}

+satl property ; Property, value : Object )

+isSet| property : Property ) © Boolean{query}

+unset| property | Property )

+invoke( op : Operaticn, arguments : Argument [0.."] ) : Object [0..1]
i i

o
MOF::CMOF Reflection::Link fassociation UML::Classes::Kernel::Association
0.* 1
+equals( otherLink : Link ) : Boolean{gquery} +isDerived | Boolean = false
+delete()
- +endType() : Type [0.."{query}
0..* 0.*
+firstElement | 1 +secondElement | 1 MOF-CNOFReaT, Ex -
HS efféetion::Exception

MOF::CMOFReaflaction: :Elaineint +objectinError ¢ Element

+delete() +glementipError : Element
+descrptivg/String

MOF::CMOFReflection::Factory MOF::CMOFReflection::Argument
+createElempnt( class ; Class, arguments ; Argument [0.."] ) : Element +name ; String
+createlink( Jassociation | Association, firstElement | Element, secondElement | Element ) © Link +value : Object

MOF::CMOF Reflection::Extent

+elements OfTypel type : Class, includesSubtypes : Boolean ) : Element [0, "{query}

+inksOfTypq( type : Association ) : Link [0..*{query}

+linkedElemgnts( association ;| Association, endElement ; Element, end1ToEnd2Direction ; Boglfan ) | Element [0.."{query}
+ink Exists( 4ssociation : Association, firstElement : Element, secendElement : Element )( Beolean{query}

Figure 13.2] - CMOF Reflection package

13.2 Ljink

This is a ngw class that represents an instance of an Association, in the same way that Element representd an instance of
a Class.

Propertieg
association] Association - TFhis is the Association of which the Link is an instance.
firstElement: Element™ This is the Element associated with the first end of the Association.

secondElenment: (Element - This is the Element associated with the second end of the Association.

Operations

equals(otherLink:Link): Boolean

Returns True if the otherLink has association, firstElement, secondElement all equal to those on this Link.

delete()

Deletes the Link. This may leave the same elements associated by other links for this Association.
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Constraints

The firstElement must conform to the type of the first memberEnd of the association.
The secondElement must conform to the type of the second memberEnd of the association.

The set of Links as a whole must not break the multiplicity constraints of the association member ends.

Semantics

When a Link is created, it is not inserted into any Extent.

Rationale

Since MOF|2 allows the same pair of elements to be linked more than once in the same Assdetation (if isUnique=false for
the associafion ends), then Link needs to be more a simple tuple value, though not as heavyweight as a first class
Element.

13.3 Argument

This is a ndw datatype that is used to represent named arguments to open-gnded reflective operations. It is open-ended
and allows [pboth Elements and data values to be supplied.

Properties

name: String - The name of the argument.

value: Object - The value of the argument.

Constrainfts

Argument if a data type supporting open reflective operations. As a data type, it has no semantics of its oywn. Constraints
will be depgndent on the context of wheré.the Argument is supplied.

Semantic$

None.

Rationale

Since MOF| 2 allows\Operation parameters and Properties to have defaults, it is necessary to explicitly identify the values
supplied.

13.4 Object
CMOF Reflection adds the following extra operations.

invoke(op:Operation, arguments : Argument[0..*]) : Object[0..*]

Calls the supplied Operation on the object, passing the supplied Arguments and returning the result. If the operation
produces more than one result value, then the result of the invoke operation is a kind of ReflectiveCollection containing
all of the result values produced.
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The Operation must be defined on the Class of the Object, and the arguments must refer to Parameters of the Operation.
If an Argument is not supplied for a Parameter, its default value, if any, will be used.

Rationale

Adds the equivalent of MOF 1.4 capabilities.

13.5 E

CMOF Ref]

Operations

delete

Deletes the

isinstanceOfType(type: Class, includeSubtypes: Boolean): Boolean

Returns tru

Rationale
Adds the eqg

13.6 F

CMOF Ref]

lement

ection adds the following extra operations.

)

Element.

e if this element is an instance of the specified Class, or if the-includeSubtypes is true, any of

uivalent of MOF 1.4 capabilities.

actory

ection adds two extra operations.

Operatio
creat
Unlike the

The argumg
value, if an

create

This create

:Element(class:CIass, arguments : Argument[0..*]) : Element

Link(association : Association, firstElement : Object, secondElement : Object) : Lin

kimple create() operation this allows arguments to be provided for use as the initial values of |

nts must refer to{DataType Properties of the Class. If an Argument is not supplied for a Propg
y, will be used.

a/Link from 2 supplied Elements that is an instance of the supplied Association. The firstEle

its subclasses.

roperties.

rty its default

k

ment is

associated

with“the first end (the properties comprising the association ends are ordered) and must confor

to its type.

And correspondingly for the secondElement.

Rationale

Adds the equivalent of MOF 1.4 capabilities.

13.7 Extent

CMOF Reflection adds four extra operations.
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Operations

elemen

tsOfType(type : Class, includeSubtypes : Boolean) : Element[0..*]

This returns those elements in the extent that are instances of the supplied Class. If includeSubtypes is true, then instances
of any subclasses are also returned.

linksOfType(type : Association) : Link[0..*]

This return

linked
Elem

This navigdtes the supplied Association from the supplied Element. The direction of navigation is given |

end1ToEndp

linkExiists(association : Association, firstElement : Element, secondElement : Element): |

This return

Rationale

those links in the extent that are instances of the supplied Association.

lements(association : Association, endElement : Element, end1ToEnd2Direction :
t[0..”]

Direction parameter: if true, then the supplied Element is treated as the first end of the Asso

true if there exists at least one link for the association between the-supplied elements at their

Adds the equivalent of MOF 1.4 capabilities.

Boolean) :

y the
iation.

Boolean

respective ends.
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14 The Complete MOF (CMOF) Model

14.1 General

The CMOF Model is the metamodel used to specify other metamodels such as UML2. It is built from EMOF and the

Core::Constructs of UML 2. The Model package does not define any classes of its own. Rather, it merges packages with
its extensions-that tngpﬂmﬁr define basic mpfnmnr]p]ing papahi]iﬁpe The nnmp]pfp pnn](agp structure nnncﬁfuting CMOF is

shown in Fjgure 14.1.

1 1

InfrastructureLibrary::Core::Constructs [ «merge» UML::Classes::Kernel
e "

|
| wimports

T
|
1w l
|
|
|
|
|
|
|
|
|

PrimitiveTypes

0
| wimports
1

“mrges | MOF::Common

amerges

=T

wimports P ~, wimports

| a !

MOF::ldentifiers N MOF::Reflection

- 13

!
u o gmerges

— 1O —

MOE::Extension MOF::CMOFReflection

amergps amerges

T T T
Ve ) . amerges I-xn'crgc»

/ o smerges ~
v N |
s |
|
|
|
|
|
|

I MOF::CMOFExtension

0
| #merges

T
[
[
[
' /
[
[
[
[
[
[
[
|
[

NV 1!

MOF::EMOF “merges MOF::CMOF

Figure 14.1 - CMOF Packages
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14.2 Elements used from UML 2

Figure 14.2 shows some of the key concrete classes and associations of UML 2 that are used to specify CMOF
metamodels. There are many other important elements that are used from UML, but these provide the structure of class
modeling. See the UML specification for full details.

Class

" T T
(= e g e g g e

subsets namespace}
+ class

{subsets featuringClassifier,
subsets redefinitionContext,

.‘=J] Classifier

{ordered, subsets feature,
subsets redefinableElement,
subsets ownedMember}

+ ownedOperation

redefinitionContext} subsets redefinableElement}
+ class + nestedClassifier
0.1 *

0.1

{redefines general}

Operation
*

{ordered, readOnly,
subsets relatedElement}

{subsets relationship}

| Relationship | | Classifier |

+ clas

{orde

{subset
{subset

H redefinedProperty

L redefinedElement}
b redefinableElement}:

+ property

+islD : Boclean = false

+ JendT + association
*  + [superClass Type |< / e ‘Association
* 4 class 1..* * + isDefiyed : Boolean = false
0.1
{subsets classifier} -
QL + association +
{subsgts classifier, subsets namespace} {subsets memberNamespace} 0.1 + association
{subsets owningAssociation} su
StructuralFeature su
o {ordered, subsets wiember} b
2. + memberEnd
led, subsets attribute, " {subsets ownedEnd}
subsefs ownedMember} Property + navigableOwnedEnd
+ pwnedAttribute | + isDerived : Boolean = false,
+ isReadOnly : Boolean = false’{redefines isRead Only}
« | +isDerivedUnion : Boolgan = false "
+ /default : String [0..1]
+ aggregation : AggregationKind = none
+ lisComposite \Boolean + ownedEnd

{ordered, subsets memberEnd, subsets feature,
subsets ownedMember, subsets redefinableElement}

+ subsettedProperty

¢

+ owningProperty 0.1 0.1

L 1
LRt

+ /opposite

1

wningAssociation

{s{ibsets association,

sets featuringClassifier
sets namespace, subs
efinitionContext}

{subsets ownedElement}
+ defaultValue

~| ValueSpecification |

0.1

Figure 14.2 - Key concrete classes from UML2 Kernel package
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Imported Elements from MOF

The CMOF Model merges package EMOF from MOF, which includes MOF capabilities packages:

14.4 GMOF Constraints

This sub cl
CMOF impllementation. These constraints supersede the EMOF constraints from sub clause(}2:4; that is,
CMOF met

The CMOF metamodel, other MOF packages, and UML itself conform to all of-these.

These cons

[17 The multiplicity of Association::memberEnd is limited to 2 rather than 2.7* (i.e., n-ary Associations are n
unlike EMOF, CMOF associations can have navigable association<owned ends.

» Iden

tifiers

« Reflection

« Extension

huse details the constraints owned by the CMOF package that are applied to metamodels to be

raints have a formal representation in executable OCL, as referenced in Annex B.

processed by a
alidating a

pmodel should be done with respect to all the CMOF constraints defined in this-clause ignorirlg all the
constraint definitions from sub clause 12.4.

t supported);

[2] The type of Operation::raisedException is limited to be Class.rather than Type.

[3] In ordgr to support limited implementations of the Integer ¢lass, each instance of Integer occurring as an gttribute value of
an eletpent is in the range of integers that can be represented using a 32-bit two’s complement format. Injother words,
each injteger used is in the range from -25; through 233+ 1.

[4] In ordgr to support limited implementations of the’String class, each instance of String occurring as an attribute value of
an eletpent has a length that does not exceed 65535 characters.

[5] Notatipnally, the option is disallowed of suppressing navigation arrows such that bidirectional associatiops are
indistihguishable from non-navigableé-associations.

[6] Nameq are required for all NamedElements except for ValueSpecifications.

[7] CMOH does not support visibilities. All property visibilities must be explicitly set to public where applidable, that is for
all NamedElements, ElementImports, and PackageIlmports. Furthermore, no alias is allowed for any ElerpentImport.

[8] Enumgrations may net\have attributes or operations.

[9] Property.isID cangnly be true for one Property of a Class.

[10] A CMOF metamodel is restricted to use the following concrete metaclasses from UML’s Kernel:

+ Assqciation
+ Class

» Comment

« Constraint

» DataType

 ElementImport

« Enumeration

« EnumerationLiteral

© ISO/IEC 2014 - All rights reserved
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» Generalization

» InstanceValue

« LiteralBoolean

« Literallnteger
« LiteralNull
» LiteralReal

. Lite:lalString

« Lite
* Opa
* Opef
» Pack
« Pack
» Pack
» Para
e Prim
+ Prop|
[11] The fo

* Clas
» Prop|
[12] The va|

[13] A mult
a Prim
Enumg

[14] The va
Literal

[15] Generd

[16] Only o
made

[17] Proper]
[18] Behav

alUnlimitedNatural
jucExpression
ation

age

agelmport
ageMerge

meter

itiveType

erty

lowing properties must be empty:

- :nestedClassifier
erty::qualifier

lue of Feature::isStatic must be false.

tiveType must be a kind of LiteralSpecification. The default value of a Property or Parameter typq
ration must be a kind of InstanceValue. A Property or Parameter typed by a Class cannot have a d

lues of MultiplicityElement::lowerValue and upperValue must be of kind LiteralInteger and
UnlimitedNatural respectively.

lization::isSubstitutable must be true

ne member attribute of a Class may have isld=true. Any others (e.g., those inherited) must be redg
navailable pnreédefined to change isld = false.

y::aggregation must be either ‘none’ or ‘composite.’

oralEeature must be sequential.

i-valued Property or Parameter cannot have a default value. The default value of a Property or Pafameter typed by

bd by an
efault value.

fined: either

[19] Class 1

ust'not be active

[20] An EnumerationLiteral must not have a ValueSpecification.

[21] An Op

eration Parameter must have no effect, exception, or streaming characteristics.

[22] A TypedElement cannot be typed by an Association.

[23] A TypedElement other than a LiteralSpecification or an OpaqueExpression must have a Type.

[24] A TypedElement that is a kind of Parameter or Property typed by a Class cannot have a default value.

[25] For a TypedElement that is a kind of Parameter or Property typed by an Enumeration, the defaultValue, if any, must be a
kind of InstanceValue.
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[26] For a TypedElement that is a kind of Parameter or Property typed by an PrimitiveType, the defaultValue, if any, must be
a kind of LiteralSpecification.

[27] A composite subsetting Property with mandatory multiplicity cannot subset another composite Property with mandatory
multiplicity.

[28] A Property typed by a kind of DataType must have aggregation = none.

[29] A Property owned by a DataType can only be typed by a DataType.

[30] Each
[31] A Con|
[32] The ba

145 (

This sub cl

14.5.1 Reflection

[1] CMOF
Factory
support

14.5.2 H

[1] CMOF
associal

Associatis

tagOwner : Element[0..1] {subsets Element::owner}

NOTE: Alf

Lssociation memberkEnd Property must be typed by a Class.
Straint must constrain at least one element and must be specified via an OpaqueExpression.

dy of an OpaqueExpression must not be empty.

MOF Extensions to Capabilities

huse details CMOF extensions to the MOF2 capabilities.

extends Factory to allow the format of the string argument of Factory::createFromString and the r
::convertToString to be specified as defined in “Meta Objeet Facility (MOF) 2.0 XMI Mapping” i
default values for structured data types.

xtension

extends package Extension with an association between Element with role tagOwner and Tag witl
tion-owned end role ownedTag.

DNS:

hough the ownedTag-end is owned by the association, it must be navigable to support retrievin

esult of
n order to

1 a navigable

g the Tags that

an object opvns using UML’s"ReadLinkAction (see UML2.4, sub clause 11.3.33). Additionally, OCL provjdes the
capability tp retrieve the Tagsthat an Element, e, owns, with the expression: e.ownedTag (see OCL2.2, sup clause 7.5.3).
That is, the|following iwvariant follows from Figure 14.3.
context [Element
inv CMOF ElementTag: ownedTag->forAll (tagOwner = self)
UML.:Classes..Kemel::Eloment +lowner +/ownedElement -|UML.'.'Cfassos.'.'k’moi-_-frmnmr| | HOF-Reflection-Element +element
+allDwnedElements() : Element [0..*}{query} 0. : 0.7
+mustBeCwned() : Boolean{query} {readOnly,unien} {readOnly,union}
HagOwner +ownedTag - - +Hag
3 o IMOF::CMOFExtenS|on::Tag| MOF::Extension:: Tag
[“ut ts owner} {subsets alwnchIcn‘c“nt} ::::Lcc :: ;trr,',:g
Figure 14.3 - CMOF Extension Package
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15 CMOF Abstract Semantics

15.1 General

This clause describes the semantics of CMOF by describing the functional capabilities of a modeled system and how
those capabilities are related to elements in the model. These capabilities are independent of any mapping to

implement.

t1on technoloov_so their descrintions are abstract
OJ 7 r

Note that a
the model,

historical v
exception Y

15.2 A

MOF is ap
and destroyj
the Core c4
extended of
that all MQ
they are pr
Reflection:
provide it.

For these ¢
respect to 4
context. Th

The goal of
basis of the]

and constrafints resulting from metamodeling decisions to be defined: increasing the level of semantic def

This sub cl
Independen
which it is
Though the
specificatio
the operatid

1 of these capabilities are limited by the types, multiplicities, constraints, visibility, setability, d
hnd are possibly further constrained by other considerations such as access control security, in
prsions of data, etc. Therefore, use of these capabilities can fail in specific situations’s a failur|
eing raised (see Exceptions package).

pproach

atform-independent metadata management framework that involves ‘créating, manipulating, fin
ing objects and relationships between those objects as prescribed\by metamodels. This sub clg
pabilities that MOF provides, and the semantics and behaviors of those activities. These capalj
refined in the further specifications in the MOF 2 series.-It/is not the intention of this sub cla
F implementations need to support all of these capabilities: more to define what the capabiliti
vided. Compliance points are described separately. For example, this sub clause defines the s
this constrains those implementations that provide Reflection but does not require all implem

ipabilities to be well-defined, well-behaved;\and understandable, some of these capabilities are
lightweight notion of logical “extents’»of model elements that provide some abstract notion d
se will be more fully defined as part of the MOF 2 Facility and Object Lifecycle specificatio|

defining these capabilities is that'they provide a single platform-independent definition that caj
language bindings in orderto gain some level of consistency and interoperability. It also allow

huse takes MOF from)being a meta-metamodel to being a modeled system specification (a Pla
t Model). This ofingcessity introduces more detail and constraints than present in the UML?2 I
based. In particular it has been necessary to extend the UML2 Instances model to achieve this

approach_is described in terms of the instances model (e.g., Slots) it is important to stress tha
n model and does not determine an implementation approach. Instances classes such as Slot d
ns_specified: implementations should behave as if they were implemented using Slots but wil

implement

tc. imposed by
nmutability of
e results in an

ling, changing,
use describes
ilities may be
use to mandate
s mean when
bmantics of
bntations to

described with
f location and
n.

) be used as the
s the semantics
inition.

tform
frastructure on

t this is a
b not appear in
in general be

dusine far more-efficient-mechanisms
£ -

The specification is in terms of the reflective interface but it is intended that there be specific interfaces generated for

specific me

tamodels.

15.3 MOF Instances Model

Principles

This seman

tic domain just covers the Classes Diagram from Constructs.
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In general the approach is to avoid redundancy and only to have Slots where needed (e.g., not for derived attributes). This
is to simplify specification of update behavior (not attempted here) and potentially the specification of XMI serialization.

The exception is that association instances are represented both as AssociationInstances and via Slots on the linked
objects (for navigable association ends only). In theory the navigable end values could be derived via queries over the

AssociationInstances but this was not done:

« for simplicity of explanation.

« to refain the ‘illusion’ that these properties are true attributes.
+ to prpvide for greater consistency with Basic.
Datavalues |act as both Instances (since they may have slots) and as ValueSpecifications: since @atavalues|are always
considered directly stored in a slot rather than being referred to (which would require some{sort of identify).
Figure 15.1| represents the Semantic Domain model for Constructs. It extends the abstract'syntax for Instgnces.
+secondSlot gregefines slofy
i © NI StructuralFeature
{subsets slot} (from Structural Features)
instance InstanceValue
1 (from Instances) el {redefingE ey 1 | definingFeature
1
+gwninginstance | InstanceSpecification |  owninginstance \— Sa
{redines opninginstance} (from Ingances) {subsets oned slot . (from Insances)
1 {subsets ownedElement}
+owningingtance 4 \alue 0“1‘
{redefines gwningkstance} Instance ValueSpecification
(fromExpressions) (Udaai
subsets ownedElement}
ZF +owninglhst:
[ tiectnstawe || Blerentinstarco gy e +slot | StuctreSot |
4 {redefines owninglnstance} {redefines sloty * 1
; Glassinstance [ Detavale |
— I ]
\ \
+classfier +classifier| +classifier
{recefines clasges) {redefines, cessifer {redefings classifier}
Assaciation Class DetaType
(from Gontrticts) (from Constructs) (from Constructs)
— PrimitiveDataValue
PrimitiveType n -
(from Consiructs) alueRepresentation : String

1 +classifier
{redefines classifier}

Figure 15.1 - Semantic Domain model for Constructs

The following represent constraints on the classes introduced.
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Objectinstance (applies to both Classinstances and Associationinstances)

1.

There is exactly one slot for each stored StructuralFeature and no further slots. The storedStructuralFeatures include
inherited ones but exclude:

* Derived properties (including derived unions).

* Properties that have been redefined (there exists a property that is a member of the classifier that has
redefinedProperty= this).

Th
Th

e classifier is not abstract.

e instance obeys Constraints that have its classifier as context.

Classinstance

instance is owned via at most one composition.
most one owning Slot, i.e., a Slot whose property is opposite an isComposite property, may have

mpositions are not cyclic.

Blot

e number of values corresponds with the multiplicity (uppér and lower) of its definingFeature.

If the feature isUnique, then no 2 values are equal.

ts for opposite properties tie up. For all values_ inlot the referenced objects do refer back via the
perty; moreover no Slot of the opposite propetty in other objects refers to the owner of this Slot.

E slot’s values are a subset of those for each’slot it subsets.

nere the feature is a navigable'end, then the ClassInstance Slot is consistent with the Link slot.

e number of links is consistent with the multiplicity and uniqueness of the ends.

DataValue

h value.

bpposite

lassifier is an Enumeration, then the valueRepresentation is the name of a valid EnumerationLitegal.

nstraints on Abstract Syntax

ngaepresent new constraints that should be introduced.

1. An
2. At
3. Co
Structure
1. Th
2.
3. SI
prd
4. Th
LinkSlot
1. WI
2. Th
Primitivell
1. Ifq
Further cg
The follow
Datatype

For all properties, isReadOnly is true, isComposite is false, isDerivedUnion is false.
Datatypes may not participate in Associations.

PrimitiveType

For all properties, isDerived is true.

© ISO/IEC 2014 - All rights reserved
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Enumeration

For all properties, isDerived is true.

Property

If one of a pair of opposites isUnique, then so must the other be. At most one of redefinedProperty and subsettedProperty

may be set.

Association

An Association is derived if all its Properties are derived.

15.4

This sub clause models the reflective capabilities in terms of the Instances model abave: so each Reflecti
interpreted/modeled as the equivalent operation on the Instances model above.

The imple
implementd

Similarly th

An extra ful
Moreover i
Facility RF

No distinct
collection ¢
(upper bou
here.

Conveniend

For clarity

15.5 C

Object::ge
post: result

emarks on MOF Instance Modeling

entation for derived properties and operations is opaque: inbuild fimiction ext/nvoke is used to
tion-supplied code. No slots are allocated for derived properties.

e evaluation of constraints is deferred to an inbuilt operatienh evaluateConstraint.

nction extent() is used to represent the current extent of.extents of an Object. Its value is cont
is expected that a Factory will be associated with.at‘least one Extent (this is properly in scop

P).

on is made between slots based on multiplicity: it assumed that a slot can hold a collection; a
an be a valid instance of DataValue. In most language bindings it is expected that for a multiy
d > 1) that an empty collection will be-returned instead of null: for simplicity of specification

e/helper OCL operations areused.

h distinguished value ‘null’ is used here for Property values to indicate they are empty.

)bject Capabilities

Type(): Type modeled as ObjectInstance::getType(): Type
= self.elassifier

ve signature is

call the

pxt dependent.

e of MOF 2

so that a
alued property
his is not done

Object::container(): Object modeled as Instance::container(): ClassInstance

post: result = self.get(self.owningProperty())

Object::get(Property p): Element

modeled as ObjectInstance::get(Property p): ElementInstance

-- If a foreign association end, then navigate link, else access slot or derive the value

post: (p.namespace.isOclType(Association) and result = navigate(p)) or

sel

50

f.propertySlot(p) <> null and (
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(self.propertySlot(p).value <> null and result = self.propertySlot(p).value) or
result = p.default) or
(p.isDerivedUnion and result = unionedProperties(p)->union(s| s = self.get(s)) or

(p-isDerived and result = self.extInvoke(‘get’, p))

Object::set(Property p, Element v)

mddeled as ObjectInstance::set(Property p, Elementlnstance v)
pre: not(p.isReadOnly)
post: internplSet(p, v)

Object::isS¢t(Property p): Boolean
mddeled as ObjectInstance::isSet(Property p): Boolean
post: result|= (self.propertySlot(p).value = null)

Object::unset(Property p) modeled as ObjectInstance::unset(Property p)

pre: not(p.ifReadOnly)

-- Set to prpperty default - this will have desired effect even df'the default is not set (null)
post: internplUnset(p)

Object::delete() modeled as ObjectInstance::delete()

-- Delete al| composite objects and all slots

post: (self.gllProperties->select(p| isComposite(p), delete(self.get(p))) and
selff.allSlottableProperties->forAll(p| destroyed(self.propertySlot(p))) and
extent().removeObject(self)
n
d

Q

(extent().objects() ificludes self) and
troyed(self)

(9]

Object::inyoke(Operation op, Set{Tuple{Parameter p, ValueSpecification v}} args):Element

modeled as| ClassInstance::invoke(Operation op, Set{Tuple{Parameter p, ValueSpecification v}} argg):Element

-- Ensure alT supplied paramefers are for this operation and the values are ol the correct type and all mandatory
parameters are supplied

pre: args->forAll(Tuple{p, v}| op.parameter includes p and conformsTo(p.type, v)) and
op.parameter->select(p| p.lower > 1, args includes Tuple{p, x})

Object::isInstanceOfType(type: Class, includeSubclasses: Boolean): Boolean
modeled as ClassInstance::isInstanceOfType(type: Class, includeSubclasses: Boolean): Boolean
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post: result

= (self.classifier = type or

includeSubclasses and self.classifier.allParents() includes type)

15.6 L

ink Capabilities

Link:equals(otherLink:Link): Boolean

modeled as A

post: r¢]
sel

sel

Link:delete
post: dd
ext

d

q

[¢]

15.7 F

The follow]
Factory

-- Creat
sulf

pre:

-- Chec
wi

not(isA
args->f]
op

-- Creal

iationInstance: als(otherLink:A iationInstance): Boolean

sult = (self.association = otherLink.association and
f.firstSlot.value = otherLink.firstSlot.value and

f.secondSlot.value = otherLink.secondSlot.value)

() modeled as AssociationInstance:delete()
stroyed(self.firstSlot) and destroyed(self.secondSlot) and

ent().removeObject(self) not(extent().objects() includes self) and

gtroyed(self)

actory Capabilities
ng are defined on the class Factory:
::createObject(Type t, Set{Tuple {Property p,\ValueSpecification v} } args): Object

e the object and slots for properties (including inherited ones) that are not derived and not the red
set of another; assign the supplied values or default values if any

k the arguments are valid properties of the correct type and that values are supplied for all mandat|
h no default

bstract(t)) and
prAll(Tuple{p, v} | t-allProperties includes p and conformsTo(p.type, v)) and
parameter->s€lect(p| p.lower > 1 and p.default = null and args includes Tuple{p, x})

e the slots and then set the values from arguments or defaults

post: odg

tfinition or

bry properties

1sNew(result) and

extent().addObject(result)

extent().objects includes result and

result.classifier = ¢ and

t.allSlottableProperties->forAll(a | exists(s:StructureSlot | oclIsNew(s) and

s.definingFeature = a and

s.owninglnstance = result) and

t.allProperties->forAll(p| (exists(v | args includes [p,v] and internalSet(p,v))) or
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(self.internalUnset(p))

-- also need to cater for setting properties using constraints(?)

ISO/IEC 19508:2014(E)

Factory::createLink(association : Association, firstObject : Object, secondObject : Object) : Link

modeled as Factory::createLink(association : Association, firstObject : Object, secondObject : Object) :

AssociationInstance

-- Create th¢ link; assign the supplied objects
pre:
-- Check th¢ objects are valid instances of the correct type

not(association.isAbstract) and conformsTo(association.memberEnd[0].type, firstObject) and conformsTo(associa

tion.m¢mberEnd[1].type, secondObject)
post:
oclIsNew(r¢sult) and
extent().addObject(result) and
extent().lingsOfType(association) includes result and
result.classiffier = association and
oclIsNew(s]) and sl.definingFeature = association.memberEnd[0] and s1.valae = firstObject and
oclIsNew(s?) and s2.definingFeature = association.memberEnd[1] and s2.value = secondObject

Factory::createFromString(dataType: DataType, string: String).: Element
modeled as Factory::createFromString(dataType: DataType, string: String): DataValue
-- issue} requires a set of syntax rules for literals

pre: selff.package.member includes dataType

Factory::cqnvertToString(dataType: DataType, element: Element) : String
modeled as Factory::createFromString(dataType: DataType, element: DataValue): String
-- issue} requires a set of syntaxirules for literals
pre: sellf.package.membet includes dataType
post: createFromStrimg(dataType, result) = element

-- the s{ring produced should parse to the same value!

15.8 Bxtent Capabilities

This sub clause describes minimal capabilities for MOF Core. It does not address issues such as extent creation that are
in scope of MOF 2 Facility and Object Lifecycle RFP. Neither does it yet cover the use of ‘exclusive’ and

‘useContainment’ attributes: it is assumed that all objects are directly contained in one extent.

As an abstract model of behavior extents are implemented using the following Instance model.

© ISO/IEC 2014 - All rights reserved
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1
+entry | 0.7

ldentifierEntry
+identifier : String

1.0
+object 1

Objectinstance

Figure 15.2|- Instance Model for Extent
Extent::objects(): Object modeled as ExtentImpl:objects(): ObjectInstance

post: result = entry->object

Extent::objectsOfType(type: Class, includeSubtypes: Boolean): Objeet modeled as
ExtentImpl:objectsOfType(type:Class, includeSubtypes: Boolean): ObjectInstance

post:
result 5 self.entry->object->select(o| o.classifier = type or

(infpludeSubtypes and o.classifier.allParents includes type)

Extent::linksOfType(type: Association): Link modeled as
linksOfType(type: Association): AssociationInstance

post:

result = self.entry->object->select(o| o.classifier = type)

Extent::linkedObjects(association : Association, endObject : Object, end1ToEnd2Direction : Boolean) :|Object
modeled as ExtentImpklinkedObjects(association : Association, endObject : Object, end1ToEnd2Direction : Boolean) :
ObjectInstance

post: r¢sult & self.entry->object->select(o, r| o.classifier = association and (

(erldXToEnd2Direction and o.firstObject = endObject and r = o0.secondObject) or

o.secondObject = endObject and r = o.firstObject))

Extent::linkExists(association : Association, firstObject : Object, secondObject : Object) : Boolean modeled as
Extent::linkExists(association : Association, firstObject : Object, secondObject : Object) : Boolean

result = self.entry->object->exists(o| o.classifier = association and
o.firstSlot.value = firstObject and

o.secondSlot.value = secondObject)
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Extent::ide

post:

ISO/IEC 19508:2014(E)

ntifier(o: Object): String modeled as ExtentImpl::identifier(o: ObjectInstance): String

result = self.entry->object->select(eo| eo = o).identifier

Extent::obj
post:

result

159 A

[1] This giy
propert
Class::§
result 5

[2] All the
Class::§
result 5

[3] Allof{
Propert
result =

[4] This re
the red

Note thi

Classln

result =

p.a

[5] Thisre
c.

Propert

applica]

p=

[6] Thisre

self.entry->select(i| i = id).object

idditional Operations

es all of the properties of the class (including inherited) that require a slot:(jt eXcludes derived and
es.

|lISlottableProperties(): Set(Property);
self.allProperties()->select(not is Derived)

non-redefined properties (including inherited) of a class.
([Properties(): Set(Property);
member->select(oclIsKindOf(Property).oclAsType(Property)

he properties directly or indirectly redefined by a property.
y::allRedefinedProperties() : Set(Property)
self.redefinedProperty->union(self.redefinedProperty.allRedefinedProperties())

urns the slot corresponding to the supplied’property. For redefined properties it will be the slot co
bfining one.

stance::property Slot(Property.p): Slot
self.slot->any(definingFeature =
pplicableDefinition(selfielassifier))

urns the property that-defines the slot that will carry the data for the requesting property in an insts
y::applicableDefinition(Class c): Property

bleDefinition'= c.allSlottableProperties().any(p |
self or prallRedefinedProperties()->includes(self))

redefined

'responding to

at derived properties will only have slots if they are redefined by a non-derived one so the result may be null.

nce of the class

values;

vz be null for tan loval obiacts
B Ot PTEVe-00JeCts

urhs the single Property with a slot that represents the current owner of the Object based on curreTt instance

Object:

m
THrery et

:owningProperty(): Property modeled as ClassInstance::owningProperty(): Property

result = self.classifier.allSlottableProperties()->any(p |
p.opposite <> null and p.opposite.isComposite and self.get(p)<> null)

[7]1 All the
Object:

non-redefined properties of an object.
:allProperties(): Set(Property) modeled as ClassInstance:: allProperties (): Set(Property)

result = self.classifier.allProperties()

[8] This returns the Properties that subset a derived union

Object:

:unionedProperties(p: Property): Set(Property)

pre: p.isDerivedUnion
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post:
result = self.allProperties->select(sp| sp.subsettedProperty includes p)

[9] This returns all the Constraints for a classifier
CMOF::Classifier::allConstraints(): Set(Constraint)
post:
result = extent().objectsOf Type(Constraint)->select(c | c.context = self)

[10] This sets a property value regardless of whether read only (used for initialization)
ObjectIInstance::intemalSet(Property p, ElementInstance v)
post: (self.propertySlot(p) <> null and self.propertySlot(p).value = v) or

(p-hamespace (self.p.namespace.isOclType(Association) and

not (self.allParents() includes p.namespace) and -- allow access to own assoc efds
setLink(p, v)) or
(p-isDefived and result = self.extInvoke(‘set’, p, v))

[11] This unsets a property value regardless of whether read only (used for initializatiex)

Objectlnstance::internalUnset(Property p)
post: (§elf.propertySlot(p) <> null and self.propertySlot(p).value = null) or

(p.JsDerived and result = self.extInvoke(‘unset’, p, v))

[12] This adds an object to an Extent - only on creation

Extentlmpl::addObject(Objectnstance o, String suppliedld [0..1): String

pre: nof(self.entry.identifier includes suppliedld)

post: o¢lIsNew(e) and oclType(e) = IdentifierEntry and
e.object = 0 and
self.entry includes e
self.entry->select(ex | ex.identifier = e.identifier)->size() = 1 -- the new id is unique and
(suppliedld <> null implies e.identifier=SsuppliedId)

[13] This removes an object from an extent £ only on destruction
ExtentImpl::removeObject(Objectlnsfance o)
pre: self.objects includes o
post: let e = self@pre.entryé>select(ex|ex.object = 0) and
d
nof(self.entry includes e)

(9]

gtroyed(e) and

[14] This najvigates af association end from an object
Objectlnstancesnavigate(Property p): Set(Objectlnstance)
pre: p.naméspace.isOclType(Association)

post:

-- Find the relevant Links by querying the Extent

-- Issue - need to deal with subsets/unions
let values= extent().objectsOfType(p.namespace)->select(link| link.get(p.opposite) = self)->get(p) and
(p.isUnique implies result = oclAsSet(values))
and not(p.isUnique implies result = values)
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[15] Sets an association end

ObjectInstance::setLink(Property p, Element v)

-- If the property is multivalued then break it into individual elements and create links

-- In either case delete existing links

pre: p.namespace.isOclType(Association)

post: let oldValues= extent@pre().objectsOfType(p.namespace)->select(link| link.get(p.opposite) = self)->get(p) and
values->forAll(v| v.delete()) and
(p-ppper = 1 implies self.createLink(p, v)) and

(p-ppper > 1 implies v->forAll(o| createLink(p, 0))
[16] creates|an individual link
Objectrstance: :createLink(Property p, ObjectInstance v)
-- Use
post: factory.create(p.namespace, Set{ Tuple{p, v}, Tuple{p.opposite, self}})

ormal object creation. Assume the existence of the Factory

© ISO/IEC 2014 - All rights reserved
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Annex A
XMI for MOF 2 Core

(normative)

The URLs

The Packag

http://www.omg.org/spec/MOF/20110701/emof.xmi
And for CMOF is:

http://www.omg.org/spec/MOF/20110701/cmof.xmi

MOF 2 Cof

Hence, thoyigh EMOF and CMOF have their own package URI, they do not define their own XMI names

(which ove
MOF 2.4 u
Th|
Th|

The except
namespace

Th
Th

Note: for tr
and compli

« tagd

n this annex are normative references to the machine readable files associated with thisInterna

e::URI for EMOF is:

e directly reuses UML2 Superstructure L3 for metamodel representation.

ride the Package URI via the org.omg.xmi.nsURI tag),

ses UML 2.4 and so:

e namespace uri is: http://www.omg.org/spec/UML/20110701
e namespace prefix is: uml

on to the above is the MOF Extension-package, for MOF Tags, which is not covered by UML
as follows:

e namespace uri is: http://ww#;omg.org/spec/MOF/20110701
e namespace prefix is: qnofext

hnsition purposes it\is/possible to transform in both directions between MOF 2 EMOF and CM
hint metamodels, represented in UML 2.4 without loss.

ontentType'sCtto “any” for Element

tional Standard.

pace or prefix

and has

DF metamodels
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