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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 1SO 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 international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft International Standards adopted
by the joint technical committee are circulated to national bodies for voting. Publication as an International Standard
requires approval by at least 75% of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. ISO
and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 19508 was prepared by the Object Management Group (OMG) and was adopted, under the PAS procedure, by
Joint Technical Committee ISO/IEC JTC 1, Information technology, in parallel with its approval by national bodies of
ISO and IEC.

ISO/IEC 19508 is related to:

» ISO/IEC 19505-2:2012 Information technology - Object Management Group Unified Modeling Language (OMG
UML), Superstructure

« ISO/IEC 19509:2014 Information technology - Object Management Group XML Metadata Interchange
» ISO/IEC 14769, Information technology -- Open Distributed Processing -- Type Repository Function

ISO/IEC 19508, under the general title Information technology - Object Management Goup - Meta Object Facility (MOF)
Core, apart from this introductory material, is identical with that for the OMG specification for Meta Object Facility
(MOF) Core version 2.4.2.
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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
implementing design and reuse repositories, application development tool frameworks, etc. Mappings from MOF to W3C
XML and XSD are specified in the XMI (ISO/IEC 19509) International Standard. Mappings from MOF to Java™ are in
the JMI (Java Metadata Interchange) specification defined by the Java Community Process.

This International Standard does not deprecate or replace the existing standard ISO/IEC 19502:2005, Information
technology - Meta Object Facility (MOF). The specification provided by this International Standard is identical to the
OMG specification MOF Core 2.4.2, that is aligned with UML 2.4.1 (ISO/IEC 19505) [UML2Sup] and XMI 2.4.2 (I1SO/
IEC 19509) [XMI24]. While MOF 2.4.2 [MOF2] is conceptually similar to MOF 1.4 [MOF1], it is not backward
compatible, as UML 2.4.1 is not backward compatible with UML 1.4.2 [UMLL1], and XMI 2.4.2 [XMI24] is not
compatible with XMI 2.0 [XMI2].

In order to achieve architectural alignment considerable effort has been expended to base UML and MOF on the same
metamodel, the UML metamodel. The MOF metamodel is derived from the UML metamodel by applying a well-defined
set of constraints. Two sets of such constraints are defined in this document, yielding in either the Essential MOF (EMOF)
or the Complete MOF (CMOF) metamodel. This alignment ensures semantic compatibility between MOF-based and
UML models, also allows the MOF to reuse the UML notation for visualizing of MOF metamodels. UML 2.4.1 is defined
in ISO/IEC 19505.

While not limited to this context, the MOF International Standard is closely related to work on the standardization of
Open Distributed Processing (ODP). In particular, the ODP Type Repository Function (ISO/IEC 14769| Rec.X.960)
references the OMG Meta Object Facility, version 1.3. This function specifies how to use the OMG MOF as a repository
for ODP types.
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Information technology - Object Management Group
Meta Object Facility (MOF) Core

1 Scope

This International Standard provides the basis for metamodel definition in OMG’s family of MDA languages and is based
on a simplification of UML2’s class modeling capabilities. In addition to providing the means for metamodel definition it
adds core capabilities for model management in general, including Identifiers, a simple generic Tag capability and
Reflective operations that are defined generically and can be applied regardless of metamodel.

MOF 2 Core is built on by other OMG MOF specifications, including the following (in this list ‘“MOF based model’
means any model that instantiates a metamodel defined using MOF, which includes metamodels themselves):

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

« MOF 2 Facility and Object Lifecycle - for connecting to and managing collections of MOF-based model elements
[MOFFOL]

» MOF 2 Versioning and Development Lifeycle - for managing versions and configurations of MOF-based models
[MOFVD]

« MOF Queries Views and Transformations - for transforming MOF-based models [QVT]
» MOF Models to Text - for generating text, such as programs, from MOF-based models [MOFM2T]

» Object Constraint Language - for specifying constraints on MOF-based models [OCL]

2 Conformance

There are two compliance points:
« Essential MOF (EMOF)
» Complete MOF (CMOF)

Compliant implementations may support EMOF only, see sub clause 12.4 for further detail, or may support CMOF, which
includes EMOF. 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 [XMI24].

© ISO/IEC 2014 - Al rights reserved Documents

Document Sharing Hub

Full document details: ISO IEC 19508-2014


http://www.avadocuments.com/doc/iso-iec-19508-2014
http://www.avadocuments.com/doc/iso-iec-19508-2014

ISO/IEC 19508:2014(E)

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 forming MOF metamodels. The structures supported by MOF are at the level of those in the UML 2
Infrastructure: specifically the Basic package for the EMOF compliance level and Constructs for the CMOF compliance
level. However, for ease of definition, MOF uses full UML Superstructure models directly, albeit with constraints
(defined in the chapters for EMOF and CMOF).

Hence the normative reference is the Classes clause of the following specification:

« [UML2Sup] ISO/IEC 19505-2:2012 “Information technology - Object Management Group Unified Modeling
Language (OMG UML), Superstructure” (OMG Unified Modeling Language (OMG UML), Superstructure http://
www.omg.org/spec/UML/2.4.1/Superstructure)

The mandatory mapping of MOF to XMI is specified at:

« [XMI24] ISO/IEC 19509:2014 “Information technology - Object Management Group XML Metadata Interchange
(XMI)” (XML Metadata Interchange - http://www.omg.org/spec/XMI/2.4.2)

Formal constraints are expressed in OCL, which is specified at:

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

The following reference is used in MOF1 to MOF2 migration Annex:

« [MOF1] ISO/IEC 19502:2005 “Meta Object Facility (MOF) Specification Version 1.4.1” (OMG Meta Object Facility
(MOF) Specification (Version 1.4) - http://www.omg.org/spec/MOF/1.4)

The mandatory mapping of MOF to XMI is specified at:

« [XMI24] ISO/IEC 19509:2014 “Information technology - Object Management Group XML Metadata Interchange
(XMI)” (XML Metadata Interchange - http://www.omg.org/spec/XMl/2.4.2)

Formal constraints are expressed in OCL, which is specified at:

« [OCL] ISO/IEC 19507:2012 “Information technology - Object Management Group Object Constraint Language
(OCL)” (OMG Ohbiject Constraint Language (OCL) - http://www.omg.org/spec/OCL/2.3.1)

4 Terms and Definitions

NULL

« 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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5 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 UML superstructure specification [UML2Sup] for the symbol definitions.

6 Additional Information

6.1 General Information

Incompatible and often proprietary metadata across different systems is a primary limitation on data exchange and application
integration. Metadata are data about data. They are the data used by tools, databases, middleware, etc. to describe structure and
meaning of data.

The Meta Object Facility (MOF) provides an open and platform-independent metadata management framework and associated
set of metadata services to enable the development and interoperability of model and metadata driven systems. Examples of
systems that use MOF include modeling and development tools, data warehouse systems, metadata repositories, etc.

MOF has contributed significantly to the core principles of the OMG Model Driven Architecture. Building on the modeling
foundation established by UML, MOF introduced the concept of formal metamodels and Platform Independent Models (PIM)
of metadata (examples include several standard OMG metamodels including UML, MOF itself, CWM, SPEM, Java EJB,
EDOC, EAI, etc.) as well as mappings from PIMs to specific platforms (Platform Specific Models and mapping examples
include MOF-to-Text mapping in the MOF-to-Text specification [MOFM2T], MOF-to-XML mapping in the XMl
specification [XMI124], MOF-to-XML Schema mapping in the XMI production of XML Schema specification [XMI24], and
MOF-to-Java in the JMI specification).

The OMG adopted the MOF 1.1 specification in November 1997 coincident with the adoption of UML 1.1. In March 2003,
the significantly re-architected MOF 2.0 Core was adopted by the OMG, aligned with the then also adopted UML 2.0. The
alignment between MOF and UML was then completed with MOF 2.4 and UML 2.4 by sharing the same metamodel for the
definition of UML and MOF, using OCL constraints to define the metamodel subset relevant for MOF. The resulting MOF
specification is presented in this document and referred to as “MOF 2” to distinguish it from the MOF 1.4 specification, which
continues to exist as OMG specification and the ISO/IEC 19505 international standard.

MOF 2 is represented by a set of specifications: MOF 2 Core [MOF2], MOF 2 XMI Mapping (now titled XML Metadata
Interchange) [XMI124], MOF 2 Facility and Object Lifecycle [MOFFOL], MOF 2 Versioning and Development Lifecycle
[MOFVD], MOF 2 Query/View/Transformations [QVT], MOF Model to Text [MOFM2T].

6.2 Structure 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 - Al rights reserved Documents

Document Sharing Hub

Full document details: ISO IEC 19508-2014


http://www.avadocuments.com/doc/iso-iec-19508-2014
http://www.avadocuments.com/doc/iso-iec-19508-2014

ISO/IEC 19508:2014(E)

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.

« ldentifiers: 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 various packages making up the MOF 2 capabilities are instances of CMOF::Package, and all of its contents 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 model itself as well as other models
and other metamodels (such as UML 2 and CWM 2, etc.). A metamodel is also used to model arbitrary metadata (for
example, software configuration or requirements metadata).

The MOF 2 Model is made up of two main packages, Essential MOF (EMOF) and Complete MOF (CMOF). EMOF is
described in Clause 12. EMOF is designed to match the capabilities of object oriented programming languages and of
mappings to XMI or JMI. The Complete MOF (CMOF) provides the full metamodeling capabilities of MOF 2. To enable
this, CMOF extends Reflection as described in Clause 13. CMOF itself is then defined in Clause 14.

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

MOF 2 shares 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 provides the normative mapping for the migration from MOF 1.4 to MOF 2.

Annex D contains the bibliographic references for the citations throughout this document. The format used for these
citations is “[xyz].”

Annex E provides legal information and Annex F acknowledges the MOF 2 authors.
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7  MOF Architecture (informative)

7.1 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
relationship of MOF 2 to UML 2 and the use of MOF to instantiate UML 2 and future OMG metamodels is summarized.
MOF 2 is a new generation of MOF [MOF2], aligned with UML 2 [UML2Sup]; it does not replace MOF 1.4 [MOF1]
which is aligned with UML 1.4 [UML1].

7.2 MOF 2 Design Goals

The primary purpose of this major revision of MOF is to provide a next-generation platform-independent metadata
framework for OMG that builds on the unification accomplished in MOF 1.4, XMI 1.2, XMI production of XML
Schemas, and JMI 1.0. The modeling foundation of the MOF 2 has strongly influenced and, at the same time, has been
strongly influenced by the UML 2 Infrastructure specification because of a shared vision of reusing the core modeling
concepts between UML 2, MOF 2, and other emerging OMG metamodels. The fact that some of the same companies and
designers worked on both the specifications and championed these design principles has made this unification and reuse
possible. Continuing the tradition of MOF since 1997, MOF2 can be used to define and integrate a family of metamodels
using simple class modeling concepts. As in MOF1 only UML class modeling notation is used to describe MOF
compliant metamodels. What is significant about MOF2 is that we have unified the modeling concepts in MOF2 and
UMLZ2 and reused a common UML2 Infrastructure library in both the MOF2 and UML2 specifications. The major
benefits of this approach include:

 Simpler rules for modeling metadata (just understand a subset of UML class modeling without any additional notations
or modeling constructs).

« Various technology mappings from MOF (such as XMI, JMI, etc.) now also apply to a broader range of UML models
including UML profiles.

« Broader tool support for metamodeling (any UML modeling tool can be used to model metadata more easily).

In any case MOF2 can be used to define (without the need to reuse specific metamodel packages) both object and non-
object oriented metamodels (as was true with MOF1).

Based on the experience of implementers of MOF, XMI, and JMI in the context of well known industry standard
metamodels such as UML and CWM, some of the overriding design concerns and goals are:

1. Ease of use in defining and extending existing and new metamodels and models of software infrastructure. We
wanted to make sure that defining and extending metamodels and models of metadata is as simple as 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 CWMZ2, EAI2, etc. are expected to either
reuse the common core or propose changes to improve the reusability.

2. 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.
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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.

4. Ensure that MOF 2 is technology platform independent and that it is more practical to map from MOF 2 to a number
of technology platforms such as J2EE, .Net, CORBA, Web Services, etc. The experience gained in the definition of
the MOF, XM, and JMI specifications, which already define many technology mappings from and to the MOF
model, has been a solid foundation for this effort. It is a design goal that MOF implementations using different
language mappings can interoperate (for example, using XML interchange).

5. Orthogonality (or separation of concerns) of models and the services (utilities) applied to models is a very important
goal for MOF 2. One of the lessons learned in MOF 1 and XMI 1 was that the original design of MOF was overly
influenced and constrained by the assumed lifecycle semantics of CORBA based metadata repositories. As it turned
out, the industry embraced a more loosely coupled way to interchange metadata (as well as data) as evidenced by the
popularity of XML and XMI. Interestingly, vendors used MOF in many different ways - to integrate development
tools, data warehouse tools, application management tools, centralized and distributed repositories, developer portals,
etc. It became clear that to provide implementation flexibility, we had to decouple the modeling concepts from the
desirable metadata services such as metadata interchange (using XML streams versus using Java/CORBA objects),
Reflection, Federation, Life Cycle, Versioning, Identity, Queries, etc. We consider this orthogonality of models from
services to be a very significant feature of MOF 2. Because of the variety of implementation choices and services
available, many of the more complex services (Federation, \ersioning, Query, etc.) are subjects of additional OMG
RFPs.

6. MOF 2 models reflection using MOF itself as opposed to just specifying reflection as a set of technology-specific
interfaces. This is in the spirit of item 5 above to model Reflection as an independent service. This approach also
clearly separates the concerns of reflection, life cycle management, etc., which were combined together in MOF 1.

7.  MOF 2 models the concept of identifier. The lack of this capability in MOF, UML, CWM, etc., made interoperability
of metadata difficult to implement. The authors understand that modeling identifiers is not easy, but plan to show its
usefulness in a simple domain - identifiers for metadata first. A key design goal is to make it easy to map this model
of identifier to W3C identifier and referencing mechanisms such as the URI.

8. Reuse of modeling frameworks and model packages at various metalayers by better packaging of MOF
‘Capabilities.” Note that some commonly used types and services can be used in defining the MOF itself, various
metamodels (such as UML and CWM), as well as user models and even user objects. A by-product of the
orthogonality principle is that some MOF capabilities can be used at multiple metalayers.

7.3 How Many Meta Layers?

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 infrastructure in the definition of the MOF 2 Model. In MOF 2 this reuse is simply accomplished by using a standard
CMOF extensibility mechanism -- merging existing MOF 2 compliant packages. Importing packages makes model
elements contained in the imported package visible in the importing package. Merging packages extends model elements
in the merging package with new feature deltas from the merged package. The details are covered in the UML 2
Infrastructure document in the PackageMerge sub clause. Note that both the UML 2 model and the MOF 2 model are
designed to be compliant to MOF 2 and be instantiable from MOF 2.

Standard class modeling concepts (importing, subclassing, adding new classes, associations, and adding associations
between existing classes) are used for MOF 2 extensibility. (This is identical to the extensibility mechanism in MOF 1).
These concepts are used to define additional packages (such as Reflection, Extents, and Identities) in MOF 2 as well as in
any other MOF 2 compliant model.

Figure 7-1 shows that MOF imports the UML Core, and then extends the Core with additional packages.
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Figure 7-1 - MOF imports from the UML Core
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8 Language Formalism

8.1 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, and precise natural language) to precisely describe the abstract syntax and semantics of the MOF. Unlike
MOF 1 and UML 1 where slightly different techniques (sometimes subtly different) were used, the MOF 2 specification
reuses much of the formalisms in the UML 2 Infrastructure. In particular, EMOF and CMOF are both described using
CMOF, which is also used to describe UML2. EMOF is also completely described in EMOF by applying package import,
and merge semantics from its CMOF description. As a result, EMOF and CMOF are described using themselves, and
each is derived from, or reuses part of, the UML 2 Infrastructure Library.

8.2 Metamodel Specification

Please refer to the clause “Language Formalism” in the UML 2 Infrastructure document. The CMOF model reuses the
same formalisms and in fact simply imports and merges packages in the UML 2 Infrastructure Library. EMOF is
somewhat simpler as described in the next sub clause.

8.3 Using Packages to Partition and Extend Metamodels

Packages in UML2 Constructs can be used for two purposes. The first is package import; a mechanism for grouping
related model elements together in order to manage complexity and facilitate reuse. Since a Package is also a Namespace,
model elements referenced across package boundaries must be qualified by their full package name. Package import
relaxes this constraint by making model elements in the imported package directly visible in the importing package where
they may be used in associations with other model elements, specialized with sub-classes that provide additional features,
etc. The second use of packages is to facilitate combining new or reusable metamodeling features to create extended
modeling languages. Package merging combines the features of the merged package with the merging package to define
new integrated language capabilities. After package merge, classes in the merging package contain all the features of
similarly named classes in the merged package.
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9 Reflection

9.1 General

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 and manipulation of metaobjects and metadata.

Figure 9.1 shows the MOF Reflection architecture. The classes on the left side of the diagram are introduced or extended
by MOF::Reflection, while the right side of the diagram shows the classes shared with the UML superstructure. That
relationship is also illustrated in the embedded Package diagram.

MOF::Common UML::Classes::Kernel
T E ‘ UML::Classes.:Kemel::Element ‘
wimports s 4 «merges
MOF::Reflection::Object 5 /
+get( property : Property | : Object{query} - |UM£ Ca’assas_':Kmm’.‘.‘ﬂamod.’.-’fsmm.'|
+gquals| element : Object ) : Boolean{gquery} MOF::Reflection
+5et| property : Property, value : Object ) ‘f‘
+is Sat( property : Property ) : Boolean{guery} |
+unset| property : Property ) o o v
+inveke| op : Operation, arguments : Argument [0.."] ) : Object [0..1] |UM£..Cfassas_Xmoﬁ.PackagoabfoEfwnmr‘

MOF.:Reflection:: Type UML::Classes.:Kermnal:: Type ‘ UML::Classes::Kernel::Namespace

+isInstance( cbject : Object ) : Boolean{guery} +conformsTo| other | Type | | Boolean{query)

‘ UML::Classes.::Kemel:: Cfassr;’rbr‘

MOF::Reflection:.Element
+getMetaClass() : Class{guery} ) T
+container() : Element{query) w,(UML::masses::Kernel::mass ‘
+islnstanceOfType( type : Class, includesSubtypes : Boolean ) : Boolean{query} |0.* 1

MOF::Reflection::Factory

+package

+createFromsStringl dataType | DataType, string ; String ) : Object UML::Classes::Kernal::Package
+convertToString( dataType : DataType, object : Object ) : String . 1 —
+createl metaClass : Class ) : Element *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.
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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 Illegal ArgumentException is thrown.
Properties

/metaclass: Class
Returns the Class that describes this element. This is a derived property provided for convenience and consistency.
Operations

getMetaClass() : Class

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

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

Constraints
No additional constraints.

Semantics

Class Element 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 need to be explicitly modeled in MOF-compliant
metamodels, and if implicit in this way Element is not included in the list of superclasses.

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

Each element can access its metaClass in order to obtain a Class that provides a reflective description of that element. By
having both MOF and instances of MOF be rooted in class Element, MOF supports any number of meta layers as
described in Clause 7, “MOF Architecture.”

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

Single-valued properties
If a single-valued property has a default:

« ltis set to that default value when the element is created. isSet=false.

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

« |f 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.

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

« |f the property is unSet, then the value of the property returns to null, and isSet=false.
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Multi-valued properties:
« When the element is created, it is an empty list (isSet=false).
« If the list is modified in any way (except unSet), isSet=true.
« Ifthe 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 is adequate to generate a constant in the implementation class for the default.

Rationale

Element is introduced in package Reflection so that it can be combined with Core::Basic to produce EMOF, which can
then be merged into CMOF to provide reflective capability to MOF and all instances of MOF.

9.3 Factory

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

Properties
 package: Package [1] Returns the package this is a factory for.

Operations
createFromString(dataType: DataType, string: String): Object

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

» Exception: NullPointerException if datatype is null.

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

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

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

» Exception: lllegalArgumentException if datatype is not a member of the package returned by getPackage() or the
supplied 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.

© ISO/IEC 2014 - Al rights reserved Documents

Document Sharing Hub

Full document details: ISO IEC 19508-2014


http://www.avadocuments.com/doc/iso-iec-19508-2014
http://www.avadocuments.com/doc/iso-iec-19508-2014

ISO/IEC 19508:2014(E)

« 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 object must be set.

[2] Name must be 1 or more characters.

[3] Property type must be set.

[4] Property: 0 <= LowerBound <= UpperBound required.

[5] Property: 1 <= UpperBound required.

[6] Enforcement of read-only properties is optional in EMOF.

[7] Properties of type Class cannot have defaults.

[8] Multivalued properties cannot have defaults.

[9] Property: Container end must not have upperBound >1, a property can only be contained in one container.
[10] Property: Only one end may be composite.

[11] Property: Bidirectional opposite ends must reference each other.
[12] Property and DataType: Default value must match type.

Items 3-12 apply to all Properties of the Class.

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

Changes from MOF 1.4
None

9.4 Object

Reflection introduces Object as a supertype of Element in order to be able to have a Type that represents both elements
and data values. Object represents “any’ value and is the equivalent of java.lang.Object in Java.

9.4.1 Operations

equals(object: Object): Boolean

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.
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« Exception: throws lllegal 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 to the following operations performed atomically:

ReflectiveSequence list = element.get(property);
list.clear();
list.addAll((ReflectiveSequence) object);

There is no return value.
» Exception: throws Illegal ArgumentException if Property is not a member of the Class from getMetaClass().

» Exception: throws ClassCastException if the Property’s type isInstance(element) returns false and Property has
multiplicity upper bound = 1.

 Exception: throws ClassCastException if Element is not a ReflectiveCollection and Property has multiplicity upper
bound > 1.

» Exception: throws Illegal ArgumentException if element is null, Property is of type Class, and the multiplicity upper
bound > 1.

isSet(property: Property): Boolean

If the Property has multiplicity upper bound of 1, isSet() returns true if the value of the Property is different than the
default value of that property. If Property has multiplicity upper bound >1, isSet() returns true if the number of objects in
the list is > 0.

» Exception: throws lllegal ArgumentException if Property is not a member of the Class from getMetaClass ().

unset(property: Property)

If the Property has multiplicity upper bound of 1, unset() atomically sets the value of the Property to its default value for
DataType type properties and null for Class type properties. If Property has multiplicity upper bound >1, unset() clears the
ReflectiveCollection of values of the Property. The behavior is identical to the following operations performed atomically:

ReflectiveCollection list = object.get(property);
list.clear();

There is no return value.
After unset() is called, object.isSet(property) == false.

» 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
identification of objects in communication, such as from user interfaces. Identifiers support comparing for identity where
implementations might have multiple implementation objects that are to be considered, for some purposes, to be the same
object. Identifiers also facilitate Model Driven Development by providing an immutable identifier that can be used to
correlate model elements across model transformations where both the source and target models may be subject to
change. Model to model reconciliation requires some means of determining how model elements were mapped that does
not rely on user data (such as names) that may be subject to change.

Figure 10-1 shows the MOF Identifiers architecture. The classes on the left side of the diagram are introduced by
MOF::Identifiers and derived from MOF::Object. They are MOF capabilities, not model elements. The right side of the
diagram shows Package and Property, their URI and isID attributes originated in MOF, but are from this version on
shared with 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} ——
+gquals( element : Object ) : Boolean{query} *URI : String [0..]
+set( property : Property, value : Object ) +makesVisible{ el : NamedElement ) : Boolean{gquery} :PrimitiveTypes
+isSet( property : Property ) : Boolean{query} +mustBeCwned() : Boolean{redefines mustBeOwned, query)
*unset| property : Pf_‘-?DEITV ! _ ) +nestedPackage() : Package [0.."}{query}
+inveke( op : Operation, arguments : Argument [0.."] ) : Object [0..1] +ownedTypa() : Type [0..*Hquery} T
+isibleMembers() : PackageableElernent [0..*|{query}

T | eimperts

|
MOF::ldentifiers::Extent |

+useContainment() | Boolean{query} UML::Classes::Kemel::Property MOF::Common
+elements() : ReflectiveSequence{guery} PP ———

T
T +default() : String [0..}{query} |°‘"'“P’°””
+isAttribute( p : Property ) : Boolean{guery}
MOF::Identifiers::URIExtent +isComposite() | Boolean{query} —| |

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

+uri[ ebject : Element ) ; String{query) :iSNaViQaPW_%: Boolean{query}
+glement( uri ; String ) | Element{quary) gﬁﬁz:;ﬁémﬁf;w[?ri%rg}[a Hescy)

MOF::Identifiers

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 container()==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 provide a context in which MOF Elements can be identified independent of any value in the Element.

10.3 URIExtent

An extent that provides URI identifiers. A URIExtent can have 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.

Properties
No additional properties.

Operations

contextURI(): String

Specifies an identifier for the extent that establishes a URI context for identifying elements in the extent. An extent has
an identifier 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 URI of 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 may incorporate the value of Properties that are marked as an identifier (isID==true).

Rationale

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

10.4 MOF::Common

Package MOF::Common contains MOF-internal features to handle multi-valued entities. These features, as shown in
Figure 10.2, are used throughout MOF, but are not model elements. The package diagram inserted in Figure 10.2
illustrates the usage of the PrimitiveTypes package shared between UML and MOF.

MOF:Reflection::Object
+get( property © Property ) © Object{guery}
+equals( element : Ohject ) : Boolean{guery }
+zet( property ;. Property, value : Ohject )
+isSet( property : Property ) . Boolean{guery }
+unset( property : Property )
+invoke! op : Operation, arguments : Argument [0..*] ) : Object [0..1]

1

MOF:Common:ReflectiveCollection
+add( object : Object ) : Boolean
+addAlll objects : ReflectiveCollection ) : Boolean =PrimitiveTypes
+clear()
+removel object : Object ) . Boolean
+sizel() | Integer{guery } 0
| cimport=
|
MOF:zCommon:ReflectiveSequence |
+add( index : Integer, object : Ohject ) MOF::Common

+get( index : Integer ) : Object{guery }
+remove( index : Integer ) : Object
+set( index : Integer, object : Ohject ) : Object

Figure 10.2 - The Common package

10.5 ReflectiveCollection

ReflectiveCollection is a reflective class for accessing properties with more than one possible value. It is defined in
package MOF::Common in order to facilitate reuse in many other MOF capabilities.

For ordered properties, ReflectiveSequence (see below) must be returned.
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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