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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
establish i izati j i j i Vi =C
technical fommittees collaborate in fields of mutual interest. Other international organizations, governnmerytal
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
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 Internatiopal
Standardd adopted by the joint technical committee are circulated to national bodies fér' yoting. Publication [as
an International Standard requires approval by at least 75 % of the national bodies gasting a vote.

Attention {s drawn to the possibility that some of the elements of this document'may be the subject of patgnt
rights. ISQ and IEC shall not be held responsible for identifying any or all such_patent rights.

ISO/IEC 1|9502 was prepared by the Object Mangement Group (OMGY and was adopted, under the PAS
procedurg, by Joint Technical Committee ISO/IEC JTC 1, Informatien_technology, in parallel with its approyal
by nationgl bodies of ISO and IEC.

ISO/IEC 19502 is related to

— ISO/IEC 19501, Information technology — Open-Distributed Processing — Unified Modeling Language
(UML) Version 1.4.2

— ISO/IEC 19503, Information technology —~XML Metadata Interchange (XMI)

— ISO/IEC 14769, Information technalogy — Open Distributed Processing — Type Repository Function
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Introduction

Th|s International Standard defines a metamodel (defmed using MOF) aset of interfaces (defined
manlpJIate a set of mteroperable metamodels and their correspondlng models. It also deflnes the
mappihg from MOF to ODP IDL (ITU rec X920|ISO 14750). These interoperable metamodels include the-Un
Modeljng Language (UML) metamodel (ISO/IEC 19501:2005), the MOF meta-metamodel, as well as future s
techndlogies that will be specified using metamodels. The MOF provides the infrastructure for implementing
reuse fepositories, application development tool frameworks, etc. The MOF specifies precise mapping rules th
the CQRBA interfaces for metamodels to be generated automatically, thus encouraging consistency in manipul
metad@ta in all phases of the distributed application development cycle. Mappings from MOF to W3C XML an
specified in the XMI (ISO/IEC 19503) specification. Mappings from MOF to Java™ are\in the M| (Java Mef
Interciange) specification defined by the Java Community Process.

In order to achieve architectural alignment considerable effort has been expendéd so that the UML and MOF

same ¢ore semantics. This alignment allows the MOF to reuse the UML ngtation for visualizing metamodels.

areas \vhere semantic differences are required, well-defined mapping rules)are provided between the metamod
UML has been the subject of a separate PAS submission.

can bg integrated. RM-ODP Part 2 (ISO/IEC 10746-2) defines the foundational concepts and modeling framey
describing distributed systems. RM¢ODP Part 3 (I1SO/IEC 10746-3) specifies a generic architecture of open di
systenps, expressed using the foundational concepts and framework defined in Part 2.

While|not limited to this context, this International Standard is closely related to work on the standardization o
Distriuted Processing (OBP). In particular, the ODP Type Repository Function (ISO/IEC 14769 | Rec. X.960
the OMG Meta Objeet Eacility, version 1.3. This function specifies how to use the OMG MOF as a repository

types.
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INTERNATIONAL STANDARD ISO/IEC 19502:2005(E)

Information technology — Meta Object Facility (MOF)

1  Scope

Ths International Standard specifies the following:

a  An abstract language for specifying, constructing, and managing technology neutral metamodels: A metamodel
isin effect an abstract language for some kind of metadata.

b. A framework for implementing repositories & integration frameworks (e.g., tool integration framewofks) that hold
metadata (e.g., models) described by the metamodels and which uses standard teChnology mappings tp transform MOF
metamodels into metadata APIs.

Th s International Standard also provides the following:
a. A formal definition of the MOF meta-metamodel; that is, the abstractJanguage for specifying MOF netamodels.

b. A mapping from arbitrary MOF metamodelsto CORBA IDL that produces IDL interfaces for managing any kind of
metadata

c. A setof “reflective’ CORBA IDL interfaces for managing metadata independent of the metamodel.
d. A set of CORBA IDL interfaces for representing and managing M OF metamodels.
e.  An XMI format for MOF metamodel interchange (OMG XMI Specification).

2 Normative references

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

21 Identical’ Recommendations | International Standards

« | ITU-T Recdummendation X.902 (1996) | ISO/IEC 10746-2:1996, Open Distributed Processing — Refefence Model:
Foundatiens

« | ITU<F.Recommendation X.903 (1996) | ISO/IEC 10746-3:1996, Open Distributed Processing — Refefence Model:
Architecture

2.2 International Standards

«  ISO/IEC 14769:2001, Information technology — Open Distributed Processing — Type Repository Function

«  ISO/IEC 19501:2005, Infor mation technology — Open Distributed Processing — Unified Modeling Language (UML)
Version 1.4.2

«  ISO/IEC 19503:2005, Infor mation technology — XML Metadata Interchange (XMlI)
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3

Abbreviations and Conventions

The use of IDL conventionsis as defined in the IDL standard.

CORBA Common Object Request Broker Architecture

IDL Interface Definition Language

MOF Meta Object Facility

UML Unified Modeling Language

XMI XML Metadata I nterchange Specification
4 | List of Documents
Thefo

XMI O

MOF1.,

lowing isalist of the electronic documents that variously specify the MORE:meta-models and MOF IDL AR

TD for MOF meta-model interchange. These documents may be downloaded from the OMG’s Web server dt:

http://www.omg.org/technology/documents/formal/mef.htm

4/XMI1.1/Modell.4/Model.xml

This dpcument (ptc/2001-10-05) is normative. It expresses the MOF 1.4 Model package as using the XMI 1.1 for M

14int
the Md
XMI

MOF1,

Thisd
Model
using 4

MOF1,

brchange format. The XMI document contains cross-linksto the PrimitiveTypes.xml document. It was gener|
del.modl file below using an automatically generated MOF 1.4 metamodel repository and an automatically
brializer.

4/XMI1.1/Modell.4/PrimitiveTypes.xml

cument (ptc/2001-10-06) is nor mati ve-It.expresses the MOF 1.4 PrimitiveTypes package using the XMI 1.
1.4 interchange format. The XM document was produced by serializing a hard-coded representation of the
N automatically generated XM sérializer.

4/XMI1.1/Modell.4/CorbaldITypes.xml

This dpcument (ptc/2001-10-0A-is normative. It expressesthe MOF 1.4 Corbaldi Types package using the XMI ]

MOF
packag

MOF1.

lodel 1.4 interchangeformat. The XMI document was produced by serializing a hard-coded representation
e using an automatically generated XM| serializer.

4/XMI1.1/Model.dtd

Is and the

OF Model
pted from
generated

| for MOF
package

.1 for
Df the

This dpcumenti(ptc/2001-08-09) is normative. It isthe standard DTD for XMI 1.1 interchange of MOF 1.4 metam¢dels.
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MOF Usage Scenarios

Overview

The MOF is intended to support a wide range of usage patterns and applications. To understand the possible usage
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supporEthe development of software conforming to the mapping, provision of these tools is not a requirement
[

s for the MOF, the first thing one needs to understand is the two distinct viewpoints for the MOF:;

Modeling viewpoint: The designer’s viewpoint, looking “down” the metalevels. From the model jng. Vi
MOF is used to define an information model for a particular domain of interest. This definition-is then u
subsequent software design and/or implementation steps for software connected with the information mo

Data viewpoint: The programmer’s viewpoint, looking at the current meta-level, and possibly looking up
higher meta-levels. From the data viewpoint, the MOF (or more accurately, a product of the MOF) is useg

In this mode, it is possible for a CORBA client to obtain the information modé descriptions and to use th
support reflection.

ng capability. The specification defines a core MOF model that ineludes a relatively small, though not m
structs for object-oriented information modeling. The MOF madel can be extended by inheritance and cg
he a richer information model that supports additional constructs. Alternatively, the MOF model can be
for defining information models. This feature allows the designer to define information models that diffe
bphy or details of the MOF model. In this context, the MOF Model is referred to as a meta-metamodel bg
ised to define metamodels such as the UML.

, one needs to understand the purpose and the limitations of the MOF model to the CORBA IDL mappi
specification. The prime purpose of the mapping is to define CORBA interfaces for information models
bf the MOF model* using standard interfases and interoperable semantics. These interfaces allow aclien
and update information described by-the model, with the expectation that the information will be mana

we anticipate that some vendors-will supply tools (for example, IDL generators, server generators, and

ation. The second limifatjon is that the mapping is only intended to support the MOF model itself; that
port extensions to thethetamodel or to other unconnected information models. Furthermore, since the |
Ng is not itself moedeled in the MOF, there can be no standardized support for extending the mapping or
appings. Finally, the IDL mapping in this specification supports only CORBA IDL. Mappings from the
to other interface definition languages are certainly feasible, as are direct mappings to programming lar
bfinition tanguages. However, these mappings are beyond the scope of the first version of the MOF spe

point, the
todrive
el

at the
to apply

the OM A -based distributed computing paradigm to manage information corresponding to a given information model.

em to

icond thing one needs to realize is that this MOF specification is intended to provide an open-ended infgrmation

nimal, set
mposition
used as a
r from the
fcause it is

ng defined
defined in
to create,
ged in a

at maintains the structural and logical~consistency constraints specified in the information model definifion.

50 0n) to
of this

is, it does
DL
defining
MOF
guages or
ification.

1. Both extensions to the MOF meta-model that are expressible in the meta-model itself, and unconnected information models
expressed using the MOF meta-model.
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5.2  Software Development Scenarios

Initially, one of the most likely applications of the MOF will be to support the development of distributed object-oriented
software from high-level models. Such a software development system would typically consist of arepository service for
storing the computer representations of models and a collection of associated tools. The latter would allow the

programmers and designers to input the models, and would assist in the process of translating these models into software
implerpentations.

In the simple case, the repository service could be an implementation of the MOF model interfaces. This Service would be
accompanied by tools (for example, compilers or graphical editors) that allow the designer to input information models
using & human readable notation for the MOF model. Assuming that the target for software develpmient is CORBA
based, |the system would include an IDL generator that implements the standard MOF model-t6:CORBA DL mapping.

The ugage scenario for this repository service would be along the following lines:

1. Theprogrammer usestheinput tools provided by the system to define an object<eriented information modg! using the
notation provided.

2.| When the design is complete, the programmer runs the IDL generator, todranslate the model into CORBA|IDL.
3.| The programmer examinesthe IDL, repeating steps 1 and 2 to refinethe model as required.

4. The programmer then implements the generated IDL to produce-atarget object server, and implement the
applications that use the object server.

The functionality of the development suite described above,can be expanded in a variety of ways. We can:

« | Add generator tools to automatically produce the skeleton of an object server corresponding to the generatgd IDL.
Depending on the sophistication of the tool, this skeleton might include code for the query and update operptions
prescribed by the IDL mapping, and code to check the constraints on the information model.

« | Add generator tools to produce automatically stereotypical applications such as scripting tools and GUI-baged
browsers.

« | Extend the repository serviceto,store the specifications and/or implementation code for target server and application
functionality that cannot bé expressed in the MOF model.

Whilethe MOF model is a powerful modeling language for expressing a range of information models, it is nat intended
to be the ultimate modeling fanguage. Instead, one intended use of the MOF is as a tool for designing and imglementing
more sophisticated moteling systems. The following example illustrates how the MOF might be used to constfuct a

software devel opment. system centered around a hypothetical “Universal Design Language” (UDL).

Many parallels.can be drawn between the hypothetical UDL discussed below and the draft OA&DF UML propgsal in that
UML is desighed to be a general purpose modeling language for visualizing, designing, and developing component
softwgreZ-The UDL can be thought of as an extension, as well as arefinement, of many of the conceptsin the UML. The
extenstonsaremamty T thearearof providimgsofficrent detait-tocomptete themptementatiorframeworktectinol ogi es
and defining additional meta models that address various technology domains such as database management, transaction
processing, etc.

The developer of a software development system based on UDL might start by using a MOF Model notation to define a
meta-model for UDL. Conceivably, the UDL metamodel could reuse part or al of the MOF Model, though this is not
necessarily a good idea?. The developer could then use a simple MOF-based development system (along the lines
described above) to translate the UDL metamodel into CORBA IDL for a UDL repository, and to provide hand-written or
generated software that implements the UDL repository and suitable UDL model input tools.
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The hypothetical UDL development system cannot be considered complete without some level of support for the process

of creating working code that implements systems described by the UDL models. Depending on the nature of

the UDL,

this process might involve a number of stepsin which the conceptual design is transformed into more concrete designs
and, finally, into program source code. A UDL development system might provide a range of tools to assist the target
system designer or programmer. These tools would need to be supported by repository functions to store extra design and
implementation information, along with information such as version histories, project schedules, and so on, that form the

basis gf a mature software development process.

In pragtice, a software development system implemented along these lines would have difficulty meeting.the ng¢eds of the

markefplace. A typical software engineering “shop” will have requirements on both the technical and,the procs

ing target metamodels (for example, the UDL) and their supporting tools. Many of the tools in the uni
reposifory could be reflective; that is, the tools could make use of information frem/higher meta-levels to alo
operate across a range of model types. Functionality, such as persistence, replication, version control, and accs
would|need to be supported uniformly across the entire repository framewark.

5.3 | Type Management Scenarios

A secgnd area where early use of the MOF is likely is in the repréesentation and management of the various kir
information used by the expanding array of CORBA infrastrueture services.

The CORBA Interface Repository (IR) is the most central type-related service in CORBA. The IR serves as a
reposifory for interface type definitions in a CORBA=based system. The current IR essentially provides accesst
definitjons that conform to the implied information'model of CORBA IDL. While the IR interfaces are tuned
to read-only access, there is no standard updaté-interface and no way to augment the interface definitions in th
other nelevant information, such as behavioral semantics.

Given|a simple M OF-based devel opment environment (as described above), it would be easy to describe the i
information model for CORBA IDLusing a notation for the MOF Model. The resulting CORBA IDL model g
be translated into the IDL for aMOF-based replacement for the CORBA IR. While this replacement IR would
upwargls compatible with theeexisting IR, the fact that it was M OF-based would provide a number of advantag
MOF-based IR would:

« | Support updateinterfaces.

« [ Beextensible in the sense that it would be feasible to extend the CORBA IDL model specification by (MO
compesition and inheritance. This ability would help smooth the path for future extensions to the CORBA
model.
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F Model)
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« Makelt easier 10 federaie multiple IR INS@nces and 1o represent associalons between CORBA Tnterface ty
other kinds of type information.

» Automatically include linksto its own meta-information definition expressed using MOF meta-objects.

pes and

2. The MOF meta-model has specific requirements (e.g., model simplicity and support for automatic IDL generation) that are not
generally applicable. Asaconsequence, it is unreasonable to expect the MOF metamodel design to be suitable for all kinds of object

modeling.

© ISO/IEC 2005 - All rights reserved


https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

Other candidates for use of MOF-based technology among existing and forthcoming infrastructure services include;

Trader: The CORBA trader service maintains a database of “service offers’ from servicesin a CORBA-based

distributed environment. These offers have associated service types that are represented using the

CosTradingRepos::ServiceTypeRepository interface. (A trader service typeisatuple consisting of atype
name, an interface type, and a set of named property types. Service types can be defined as subtypes of other service

oo )

Ty Py

Notification: At least oneinitial submission for the forthcoming Notification service includes the notion of
type. (An event type isatuple consisting of atype name, a set of named property types, and a set of jsuperty

In both cases, a MOF-based type repository would have the advantages listed previously for the MOF-based

Impler

nentation Repository.

Looking to the future, there are a number of other possible uses for MOF-based type repositories in infrastruc

SErvice

5.4

The pr
manag
domai
structy

bs. For example:

objects that provide or use out-of-date service interfaces. In situationsyhere statically deployed object wr

mechanisms used to instantiate them.

Complex bindings: RM-ODP supports the idea that bindings between objects in a distributed environment

more complex than simple RPC, stream or multicast protocols. RM-ODP defines the notion of a multi-part
involving an arbitrary number of objects of varioustypes, in which different objectsfill different rolesin th
A CORBA service to manage complex bindingsweuld be based on formally described binding types that S
numbers and types of objects filling each role@nd the allowed interaction patterns (behaviors) for agiven i

Information Management-Scenarios

evious sub clauses focused on thewuse of the MOF to support the software development life-cycle and t
ement requirements of CORBA) infrastructure services. This sub clause broadens the scope to the more
h of information management; that is, the design, implementation, and management of large bodies of m
red information.

First, 1
be app
the M(

ote that some of thelideas outlined above carry over to the information management domain. In some caj
opriate to definethe information model (that is, the database schema) for the application of interest dird
DF Model. |ivthis case, the technology described previously can be used to automate the production of

bervers to.store the information and applications to use it. In other situations, the MOF Model can be use
odelrsuitable for defining information models for the domain of interest; for example, a metamodel for

Serviceinterface bridges: As CORBA matures and there is large-scal e deployment as part of enterprise-wige
computing infrastructures, it will become increasingly necessary to cope with legacy CORBA objects; that|is, with

an event
pes.)

ure

pers are

not a good solution, one aternative is to provide an ORB-level service that can insert an interface bridge bgtween
incompatible interfaces at bind time. Such a service would dependon types that describe the available bridges and the
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In addition, the MOF potentially offers significant benefits for large-scale information systems by allowing such a system
to make meta-information available at run-time. Some illustrative examples follow.

Information discovery: The World-Wide Web contains a vast amount of useful (and useless) information on any topic
imaginable. However, this information is largely inaccessible. In the absence of other solutions, current generation web
indexing systems or search engines must rely on simple word matching. Unless the user frames queries carefully, the
number of “hits’ returned by a search engine are overwhelming. Furthermore, it is now apparent that even the largest

search

6

engines cannot keep pace with the Web's rate of growth.

© ISO/IEC 2005 - All rig

hts reserved


https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

In the absence of software that can “understand” English text, the approach most likely to succeed is to build databases of
meta-data that describe web pages. If this meta-data is represented using MOF-based technology and an agreed base
metamodel for the meta-data, the framework can support local meta-data extensions through judicious use of MOF-
supported reflection. In addition, because the meta-data framework is defined in the MOF context, it can be accessible to
a larger class of generic tools.

5.5
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Data Warehouse Management Scenarios

hue extracts information from logically- and physically-distinct databases, integrates the information, an

echnology, then it should be possible to create sophisticated tools to assist the database administrator ir
.

bte meta data management of data warehouses. Current meta data«epositories that manage data warehou

customers to react in atimelier manner to changing data access patterns and newly discovered patterns, which i

of datd

The M
transfd
and th

data models and operational databases) is atypical use of a MOF. The traceability across these environments

by def
The O

© 1S0/I

L mining and information discovery systems.

arehousing is a recent development in enterprise-scale information management. The data warehouse tgchnique
izes that it is impractical to manage the information of an enterprise as a unified logical database. Insteqd, this

d stores it
rge-scale “warehouse” database that allows read-only access to possibly non-current data.~The extraction and
ltion processes depend on a database administrator creating a mapping from the schemas for the individpal
5es to the schema of the warehouse. If the meta-information for the various databases is represented using M OF-

this

ata is often described as the “heart and soul” of the data warehouse.environment. The MOF can be usefl to

ses often

tic meta data using batch file-based meta data exchange mechanisms. We expect the use of MOF- and gtandard
A-based event and messaging mechanisms and mobile agent technology (also being standardized by OMG) to
L new generation of data warehouse management tools and,systems that are more dynamic. These tools will enable

5 the focus

OF interfaces and the MOF Model can be used-ta define specific metamodels for database, data wareholise, model

rmation, and warehouse management domaifis.) The integration between these modelsin arun time data
e devel opment environment (which has data-models) and UML based object models (which describes the

ning an impact analysis metamodel, which builds on the rich model of relationships supported by the N

MG CWM specification represents one possible realization of this scenario.
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MOF Conceptual Overview

Overview

The Meta Object Facility is a large specification. This Clause aims to make the MOF specification easier to read by

provid

The C
clause

descrilbes how metamodels are mapped to implementation technologies, including the IDL mappingand XMI.

6.2

The cs

suppo:l

alaye
standal
the me

ng a conceptual overview of the MOF.

ause starts by explaining the MOF's conceptual architecture for describing and defining metadata. The
introduces the metamodeling constructs that are used to describe metadata. This is followed by a’sub cl

Metadata Architectures

Intral theme of the MOF approach to metadata management is extensibility. The-aim is to provide a fram

ed metadata architecture that is based on the classical four layer metamodeling architecture popular wit
rds communities such as ISO and CDIF. The key feature of both theclassica and MOF metadata archit
ta-metamodeling layer that ties together the metamodels and models,

hext sub
ause that

pwork that

ts any kind of metadata, and that allows new kinds to be added as requiredCyiorder to achieve this, thg MOF has

hin
bctures is

The traditional four layer metadata architecture is briefly described below. Thisis followed by a more detailed description

of how

6.2.1

The cl

conventionally described as follows:

The cl
for sorf
hard-w

this maps onto the MOF metadata architecture.
Four Layer Metadata Architectures

hssical framework for metamodeling is based onan architecture with four meta- layers. These layers arg

Theinformation layer is comprised of_the-data that we wish to describe.

aggregated as models.

The metamodel layer is comprised of the descriptions (i.e., meta-metadata) that define the structure and ser
metadata. M eta-metadatais informally aggregated as metamodels. A metamodel is an “ abstract language’
describing different kinds of data; that is, alanguage without a concrete syntax or notation.

The meta-metamodel layer is comprised of the description of the structure and semantics of meta-metadata
words, it isthe* abstract language” for defining different kinds of metadata.

hssical four’layer meta-modeling framework is illustrated in Figure 6.1 on page 10. This example shows
he simple records (i.e., “ StockQuote” instances) along with the “RecordTypes’ metamodel for describin

ifed meta-metamodel that defines the metamodeling constructs (e.g., meta-Classes and meta-Attributes),.

The model layer is comprised of the metadata that describes datain the information layer. Metadatais infofmally

hantics of
or

L In other

metadata
g and the

While the example shows only one model and one metamodel, the main aim of having four meta-layers is to support
multiple models and metamodels. Just as the “ StockQuote” type describes many StockQuote instances at the information
level, the “RecordTypes’ metamodel can describe many record types at the model level. Similarly, the meta-metamodel
level can describe many other metamodels at the metamodel that in turn represent other kinds of metadata describing
other kinds of information.
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Figure

The cl
framey

6.2.2

The M
archite
metam

Hard-wired Meta-metamode! meta-metamodel

MetaModel ( “RecordTypes’,
MetaClass ( “ Record”,

[ME@ATT (- name’, Sng), metamoiet
MetaAttr ( “fidlds’, List < “Field’>) ]
MetaClass (“Field”, ...)

Record (“ StockQuote”,
[ Fied ( “company”, String )
Field (“price”, FixedPoint ) ] )

StockQuote (“ Sunbeam Harvesters’, 98.77)
StockQuote (“Ace Taxi Cab Ltd", 12.32)

model

information

6.1 - Four Layer Metadata Architecture

hssical four layer metadata architecture has a number of advantages over simple modeling approaches. |
vork is designed appropriately, it can:

support any kind of model and modeling paradigm that is.imaginable,
alow different kinds of metadata to be related,
allow metamodels and new kinds of metadata to-be added incrementally, and

support interchange of arbitrary metadata {(models) and meta-metadata (metamodel s) between parties that ug
meta-metamodel .

The MOF Metadata Architecture
OF metadata architecture3(jlJustrated by the example in Figure 6.2, is based on the traditional four laye

cture described above. This example shows a typical instantiation of the MOF metadata architecture wi
odels for representingUML diagrams and OMG IDL.

f the

e the same

metadata

3. One could argue that the term “architecture” is an inappropriate in this context. After all, the MOF metadata “ architecture” islittle
more than away of conceptualizing relationships between data and descriptions of data. Certainly, there is no intention the “archi-
tecture” be used as a benchmark for MOF conformance. However, the term has been used in MOF discussion for along time, so the

read

10

er must forgive any perceived inaccuracy.
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Figurg 6.2 - MOF Metadata Architecture
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M3 layer
MOF Model meta-metamodel
1 1
M2 layer
UML IDL
Metamodel Metamodel metamodels

[ 1
[T M1 layer

|

models

UML Models IDL Interfaces

MO layer

The MOF Model (the MOF's core meta-metamodel) is object-oriented, with metamodeling constructs that

metamodels as well as UML models.

relationships between different kinds of data and metadata.

A model (in the broad sense ef.a collection of metadata) is not necessarily limited to one meta-level. For ex
data warehousing context, it-may be useful to think of the meta-schema “ Relational Table” and specific sch
are instances of relationaltables as being one conceptual model.

The MOF Model-isself-describing. In other words, the MOF Model isformally defined using its own metg
constructs. Hence, the MOF Model is also denoted by a UML style Packageicon.

f-describing 'nature of the MOF Model has some important consequences:

It shows that the MOF Model is sufficiently expressive for practical metamodeling.

with UML’s object modeling constructs. Hence, thesexample uses UML package icons to denote M OF-basgd

OF metadata architecture has a few important features that distinguish it from earlier metamodeling architectures:

are aligned

The meta- levelsin the MOF metadata architecture are not fixed. While there are typically 4 meta-levels, there could
be more or less than this, depending onshow M OF is deployed. Indeed, the MOF specification does not require there to
be discrete meta- levelsat al at the implementation level. MOF meta- levels are purely a convention for understanding

ample, ina
emas that

Imodeling

It-allowsthe MOF'sinterfaces and hehaviar ta he defined by applying the MOFE 1Dl _mapping to the MOFE M

odel. This

provides uniformity of semantics between computational objects that represent models and metamodels. It al'so means
that when a new technology mapping is defined, the APIs for managing metamodelsin that context are implicitly

defined as well.

It provides an architectural basis for extensions and modifications to the MOF Model. Successive MOF RTFs have

thus been able to make incremental changesin the MOF Model to address problems that become apparent.

Inthe

future, new meta-metamodels may be added to support tasks like specification of modeling notations and model-to-

model transformations.
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» Given an appropriate set of implementation generators, it allows new MOF metamodel repository implementations
and associated tools to be created by bootstrapping.

6.2.3 MOF Metamodeling Terminology
There is enormous scope for confusion if standard metamodeling terminology is used in the MOF specification. To avoid

this and to make it easier to read, we have opted to simplify the terminology. Some particular points of confugion are as
followp:

« | Since the number of MOF meta-levelsis not fixed and meta-levels are conventionally named upwards fronp the
“information” layer, the “top” meta-level of the stack varies. Some people find thisidea hardte.grasp.

« | There are anumber of object modeling concepts that appear at two, three, or even four levelsin awell populated MOF
metadata framework. For example, aclassin aUML isdescribed by an instance of the class“Class’ in the[UML
metamodel. Thisisin turn described by an instance of the class“Class’ in the MORKModél. Finally, the clgss “ Class’
inthe MOF Model is described by itself. This overloading of names of concepts often confuses people.

» | Whilethe “meta-" prefix has a clear meaning in the context of the MOF, evidence suggests that people whd encounter
it for thefirst timefind it very confusing. Thisis particularly the case for farms like “meta-meta-” and “ mefa-meta-
meta-". Even for seasoned experts, “ meta-meta-meta-" is cumbersome in conversation.

To avaid some of this confusion, we generally try to avoid using theXmeta-" prefix. In particular, while the cgre of the
MOF is a meta-metamodel (assuming that there are 4 meta- layers)sitis referred to as “the MOF Model.” Similarly, rather
than uging terms like Class, MetaClass, and MetaM etaClass, weuse phraseology like “an M1-level instance of an M2-
level CQlass.”

The mgta-level numbering used in the remainder of thisspecification (for example, M2-level or M 1-level) shoyld be read
astop pown labelsrelative to the MOF Model at M 3-level. We assume that the reader can mentally relabel the meta-levels
to fit the context; for example, in contexts wherg the MOF Model is not at M3-level, or when applying the IDLL mapping
to the MOF Model itself.

NOTE{ Eventhe M1-/ M2- terminology.above has proved to be confusing to some readers. However, since changing the ter-
minolqgy again will take significant gffort and cause considerable disruption, further work on this has been deferred until a
clearly|superior terminology is proposed.

There pre three cases wherglit)is convenient to use the “meta-" prefix as part of MOF terminology:
1.[ Theterm “metadata’ isused to refer to data whose purpose is to describe other data.
2. Thetermmetamodel” isused to refer to amodel of some kind of metadata.

3.| Theterm “metaobject” is used to refer to an abstract or technology specific object that represents metadata.

In eacl Case, the term is used across al meta-levels and has a deliberately imprecise meaning.

The core modeling concepts in the MOF use terms that are also used in UML with similar meanings. For example, a MOF
Class corresponds to a UML Class, a MOF Attribute corresponds to a UML Attribute, and a MOF Association
corresponds to a UML Association. However the correspondence is not always a direct match. For example, UML
Associations may have many AssociationEnds, but MOF Associations must have precisely two.
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This sub clause introduces the MOF's core metamodeling constructs (i.e., the MOF's “abstract language”) for defining

metam

odels.

MOF metamodeling is primarily about defining information models for metadata. The MOF uses an object modeling

fl'am Ul :’\ that ;D CooCl ﬁla“y A D\Jbﬁ Uf thC I\JI:\VI“_ CUI'C, :II al |uta|l-|c“, thC 4 IIIG;II IIIUdC:;IIy CUI I\.:U'J‘I..D A,
1.| Classes, which model MOF metaobjects.
2.| Associations, which model binary relationships between metaobjects.
3.| DataTypes, which model other data (e.g., primitive types, external types, etc.).
4.| Packages, which modularize the models.
6.3.1| Classes
Classes are type descriptions of “first class instance” MOF metaobjects. Classesdefined at the M2 level logic

instang

es at the M1 level. These instances have object identity, state, and behavior. The state and behavior of th

hlly have
e M1 level

instanges are defined by the M2 level Class in the context of the commoen.information and computational models defined
by the[M OF specification.
Instanges of classes belong to class extents that impact on certaip aspects of their behavior. It is possible to enymerate all
instanges of a class in a class extent (see 8.8.2, “Class Extents,™ on page 147).
Classes can have three kinds of features. Attributes and Operations described below and References described|in
“References’ on page 18. Classes can also contain Exeeptions, Constants, DataTypes, Constraints, and other elements.
6.3.1.1 Attributes
An Atfribute defines a notional slot or value-holder, typically in each instance of its Class. An Attribute has the following
properties.
Propgrty Description
name Unique in the scope of the Attribute’s Class.
type May be a Class or a DataType.
“isChangeable” flag Determines whether the client is provided with an explicit operation to set the
attribute’s value.
“isDerived”flag Determines whether the contents of the notional value holder is part of the“explicit
state” of a Class instance, or is derived from other state.
“multiplicity” specification (see “Attribute and Parameter Multiplicities” on page 14)

The aggregation properties of an Attribute depend on the Attribute’s type; see 6.3.3, “Aggregation,” on page 17.

© ISO/IEC 2005 - All rights reserved
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6.3.1.2 Operations

Operations are “hooks” for accessing behavior associated with a Class. Operations do not actually specify the behavior or
the methods that implement that behavior. Instead they simply specify the names and type signatures by which the
behavior is invoked. Operations have the following properties.

Propgrty Description

name Unique in the scope of the Class.

list of positional parameters having the following properties:

Parameter name:

Parameter type may be denoted by a Class or a DataType

Parameter direction of “in,” “out,” or determines whether actual arguments are passed from client to server, server
“in opt” to client, or both.

Parameter see “Attribute and Parameter Multiplicities’ on page 14

“multiplicity”

specification

An optional return type.

A lis] of Exceptions that can be raised by an invocation.

6.3.1.3 Attribute and Operation Scoping

Attribdites and Operations can be defined as “classifier Tevel” or “instance level.” An instance-level Attribute has a
separate value holder for each instance of a Class; By contrast, a classifier-level Attribute has a value holder that is shared
by all |nstances of the Class in its class extent,

Similafly, an instance-level Operation can only be invoked on an instance of a Class and will typically apply tp the state
of that|instance. By contrast, a classifief-level Operation can be invoked independently of any instance, and cgn apply to
any orfal instances in the class extent.

6.3.1.4 Attribute and Parameter Multiplicities

An Atiribute or Parameter-may be optional-valued, single-valued, or multi-valued depending on its multiplicit
specification. This consists of three parts:

1.[ The“lower” and “upper” fields place bounds on the number of elementsin the Attribute or Parameter valyie. The
lowes-bound may be zero and the upper may be * unbounded.”

«A single-valued Attribute or Parameter has lower bound 1 and upper bound 1. An optional-valued Attripute or
Parameter has fower bound U and upper bound 1. ATTOtNer Cases are called multi-valued parameters (since their
upper bound is greater than 1).

NOTE: Multiplicity bounds are typically notated as one or two numbers, with “*” used to denote unbounded. For example, a
UML bounds specification of “1” translates to lower and upper bounds of 1, and “2..*” translates to alower bound of 2 and no
upper bound.

2. The"is ordered” flag sayswhether the order of valuesin a holder has semantic significance. For example, if an
Attributeis ordered, the order of the individual valuesin an instance of the Attribute will be preserved.
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The“is_unique’ flag says whether instances with equal value are allowed in the given Attribute or Parameter. The
meaning of “equal value” depends on the base type of the Attribute or Parameter. See 8.4, “ Semantics of Equality for
MOF Values,” on page 140, and 9.3.3, “ Value Types and Equality in the IDL Mapping,” on page 170 for additional

information.

NOTE: The bounds and uniqueness parts of a multiplicity specification can give rise to runtime “structural checks’ (see

6.3.7.4, “ Structural Consistency,” on page 24). By contrast, orderedness does not imply any runtime checking.

6.3.1.

The M
verb “

The meaning of MOF Class generalization is similar to generalization in UML and to interface inheritance in
IDL. The sub-Class inherits all of the contents of its super-Classes (i.e., al of the super=Classes Attributes, Of

and R
Class

level Class is type substitutable for instances of its M2-level super-Classes,

The MIOF places restrictions on generalization to ensure that it is meaningful and that it can be mapped onto &
implerpentation technol ogies:

NOTE] It isalso possible to use Tags to specify that the interfaces generated for a Class inherits from pre-existing
6.3.1.6 Abstract Classes

A Clags may be defined as, @bstract.” An abstract Class is used solely for the purpose of inheritance. No metag

ever €

NOTE{ The MOF uses*abstract Class’ in the same sense as UML, and also Javaand many other object oriented prd
languages. Specitying a MOF Class as “abstract” does not say how instances are transmitted. In particular, the use
“abstra

6.3.1.]

b Class Generalization

[OF allows Classes to inherit from one or more other Classes. Following the lead of UML, the-MOF Mod
0 generalize” to describe the inheritance relationship (i.e., a super-Class generalizes a sub*Class).

d any implicit behavior for the super-Class apply equally to the sub-ClassyAt the M1 level, an instance

A Class cannot generalize itself, either directly or indirectly.

element contained or inherited by the super-Class (ise¥, no over-riding is allowed).

same name. Thereis an exception (analogousto the “diamond rule” in CORBA IDL) that allows the super-
inherit names from a common ancestorClass.

ist whose most-dértved type corresponds to an abstract Class.

Ict class™\has no relationship to the IDL keyword “abstract” introduced by the Objects-by-value specification.

El uses the

CORBA
erations

erences, and all nested DataTypes, Exceptions, and Constants). Any expligit:Gonstraints that apply to @ super-

of an M2-

L range of

A Class cannot generalize another Class if the sub-Class-contains a model element with the same name as & model

When a Class has multiple super-Classes, no model elements contained or inherited by the super-Classes cgn have the

Classes to

nterfaces.

bjects can

gramming
bf the term

{ Leaf and Root Classes

A Class may be defined as a “leaf” or “root” Class. Declaring a Class as a leaf prevents the creation of any sub-Classes.
Declaring a Class as a root prevents the declaration of any super-Classes.

© ISO/IEC 2005 - All rights reserved
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6.3.2 Associations

Associations are the MOF Model’s primary construct for expressing the relationships in a metamodel. At the M1 level, an
M2 level MOF Association defines relationships (links) between pairs of instances of Classes. Conceptually, these links
do not have object identity, and therefore cannot have Attributes or Operations.

6.3.2.1 Association Ends

Each MOF Association contains precisely two Association Ends describing the two ends of links. The"Associgtion Ends
define|the following properties.

Propgrty Description

A naine for the end This is unique within the Association.

A type for the end This must be a Class.

Multilplicity specification See 6.3.2.2, “Association End Multiplicities,”™on page 16.

An agi;gregation specification See 6.3.3.2, “Association Aggregation;”,on page 18.

A nelivigabi lity” setting Controls whether References can hedefined for the end (see 6.3.4, “ References,” on
page 18).

A “changeability” setting Determines whether this end,of a link can be updated “in place.”

6.3.2.2 Association End Multiplicities

Each Association End has a multiplicity specification, While these are conceptually similar to Attribute and Operation
multiplicities, there are some important differences.

» | An Association End multiplicity doeshot apply to the entirelink set. Instead, it applies to projections of the|ink set for
the possible values of the “other” end of alink. See Figure 6.3.

« | Since duplicate links are disallowed in M1-level link sets, “is_unique” isimplicitly TRUE. The check for duplicate

links is based on equality of the instances that they connect; see 8.4, “ Semantics of Equality for MOF Values,” on page
140.
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left: Class A right: Class B

A b1 _____ ~ Projection of al

Projectton-of-bt— - a_é 5T —T Projection of a2
2 .y

Projctionof b2~ | . & [LCNE Projection of a3
v ’éB\/‘ ‘ b2 '

Figure

Figure
named
In this

{al, a?, a3}. If there is another B instance (say “b3") with no corresponding links, the projection of that b3 is|
collectjion.

The “lpwer” and “upper” bounds of an Association End.constrain the number of instances in a projection. For €
the “lgft” End of the Association has a bounds “0..3,” then the projection of the link set for any extant instance
contaiin between zero and three instances of A.

The “ip_ordered” flag for the Association Exd determines whether the projections from the other End have an

The M

In the gbove example, this could say-whether order of the elements of the projection of “bl” is significant (i.g
{al, a?, a3} isaset or aunique list):

6.3.3

InaM

.1 Adgregation Semantics

6.3 - The projections of a link set
6.3 shows a link set for an Association with an AssociationEnd,Aamed “left” whose Classis A, and a S

“right” whose Class is B. Instances of A are shown as “al,” “a2;* and “a3” and “b1” and “b2" are inst3
example with five links, the projection of “al” is the collection {b1}, and the projection of “bl” is the

OF Model only allows one of an AssoCiation’s two Association Ends to be marked as “ordered.”

Aggregation

OF metamodelClasses and DataTypes can be related to other Classes using Associations or Attributes.
aspects of thebehavior of the relationships can be described as aggregation semantics.

lecond

nces of B.
collection
an empty

xample, if
of B must

ordering.

L, whether

In both

ggregate”).

A non-aggregate relationship is a (conceptualy) loose binding between instances with the following properties:

There are no special restrictions on the multiplicity of the relationships.

There are no special restrictions on the origin of the instances in the relationships.
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17


https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

The relationships do not impact on the lifecycle semantics of related instances. In particul ar, deletion of an
does not cause the deletion of related instances.

instance

By contrast, a composite relationship is a (conceptually) stronger binding between instances with the following properties:

A composite relationship is asymmetrical, with one end denoting the “ composite” or “whol€” in the relationship and

the other one denoting the “ components’ or “ parts.”

6.3.3.4

The ag

Associlz\;ionEnds. In the case of a“composite” Association, the “aggregation” Attribute of the “composite”

Associ
multip
cannot

6.3.3.

The ef

Itispq
whose

6.3.4
The M

While
differe

3 Attribute Aggregation

An instance cannot be a component of more than one composite at atime, under any composite relationshi

An instance cannot be a component of itself, its components, its components' components and so,enunder
composite relationship.

When a“composite” instance is deleted, all of its components under any composite relatienship are also dd
all of the components' components are deleted and so on.

The Composition Closure Rule: an instance cannot be a component of an instance frem a different package
8.11.2, “The Composition Closure Rule,” on page 155).

P Association Aggregation
gregation semantics of an Association are specified explicitly using/the “aggregation” Attribute of the
ionEnd is set to true and the “aggregation” Attribute of the*.component” AssociationEnd is set to false

icity for the “composite” AssociationEnd is required to be*[0..1]” or “[1..1]" in line with the rule that g
be a component of multiple composites.

fective aggregation semantics for an Attriljute depend on the type of the Attribute. For example:
An Attribute whose type is expressed as'a DataType has “non-aggregate” semantics.
An Attribute whose type is expressed as a Class has “composite” semantics.

ssible to use a DataType t6 encode the type of a Class. Doing this allows the metamodel to define an A
value or values are instances of a Class without incurring the overhead of “composite” semantics.

References
OF Model-provides two constructs for modeling relationships between Classes (i.e., Associations and A

hces from the standpoints of their computational models and their corresponding mapped interfaces.

D.

any

eted, and

extent (see

Also, the
n instance

ttribute

ttributes).

MOF Assoeiations and Attributes are similar from the information modeling standpoint, they have important

o Ackdec oy | ol (P Lo Lok ool d-Datal bt tlook o + I o o acht
N TE ALTUUCO LAT A oU TTTUUTT TUTALTUTTONTJO JTLVVETT T UldooCo dNU ALAT y NGO, UUL LNAL To TIUUTTITVAIt tU LThro JUITIL.

Associations offer a “query-oriented” computational model. The user performs operations on an object that notionally
encapsul ates a collection of links;

18

Advantage: The association objects allow the user to perform “global” queries over al relationships, not just those for

agiven object.

Disadvantage: The client operations for accessing and updating relationships tend to be more complex.
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Attributes offer a “navigation-oriented” computational model. The user typically performs get and set operations on an
attribute.

» Advantage: The get and set style of interfaces are ssmpler, and tend to be more natural for typical metadata oriented
applications that “traverse” ametadata graph.

intensive.

The MOF Model provides an additional kind of Class feature called a Reference that provides an alternative-*|Attribute
like” iew of Associations. A Reference is specified by giving the following:

« | aname for the Referencein its Class,
| an “exposed”’ Association End in some Association whose type isthis Class or a super-Class’of this Class, and
« | a“referenced” Association End, whichisthe “other” end of the same Association.

Defining a Reference in a Class causes the resulting interface to contain operations Wwith signatures that are idgntical to

those flor an “equivalent” Attribute. However, rather than operating on the values.in/an attribute slot of a Clas$ instance,
these @perations access and update the Association, or more precisely a projegtion of the Association. This is {llustrated
in UML-like notation in Figure 6.4.

My Class 1 My_Assoc
end 1 end2 My_Class_2

e

— e -
== - — — «references»

gttr: Integer
/ref: My_Class 2

U

" «exposes»
/

»-d

Figurg 6.4 - An example of a Reference

Figurg 6.4 shows a Class called.My_Class 1 that is related to My _Class 2 by the Association My _Assoc. My| Class 1

has an[Attribute called “attr/-whose type is Integer. In addition, it has a Reference called “ref” that references|“end2” of
the Agsociation. This provides an API for “ref” that allows a user to access and update a My_Class 1 instancels link to a
My_Class 2 instance Using get and set operations.

NOTE] Strictly speaking, the UML notation in the diagram shows “ref” as a derived attribute of My _Class_1 with|type of
My Class 2,

The eqample above shows a Reference that “exposes’ an Association End with a multiplicity of “[1..1].” Refefences can
actually expose ends with any valid multiplicity specification. The resulting Reference operations are similar to those for
an Attribute with the same multiplicity. However, since MOF Associations do not allow duplicates, Association Ends and
therefore References must always have their multiplicity “is_unique” flag set to true.

There are some important restrictions on References:;

+ Whenthe“is navigable’ property of an Association End isfalse, itis not legal to define a Reference that “ references”
that Association End.
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+« An M1 instance of aClassthat “references’ an Association cannot be used to make alink in an instance of the
Association in adifferent extent. This restriction is described in 8.11.1, “ The Reference Closure Rule,” on page 153.

6.3.5 DataTypes

Metamodel definitions often need to use attribute and operation parameter values that have types whose values do not
have adbject identity. The MOF provides the metamodeling concept of a DataType to fill this need.

DataTypes can represent two kinds of data type:

1.| Primitive datatypes like Boolean, Integer, and String are the basic building blocks for expressing state. The MOF
defines six standard data types that are suitable for technology neutral metamodeling. (Othet’ primitive data types can
be defined by specific technology mappings or as user or vendor-specific extensions. Howeéver, the core MIOF
specification says nothing about what they mean.)

2.| Datatype constructors allow the metamodeler to define more complex data types. The MOF's standard data type
constructors are enumeration types, structure types, collection types, and aliastypes.

See 7.4.7, “DataType (abstract),” on page 55 and the following sub clauses fof_more details on how DataType$ subtypes
are usgd to express types.

6.3.6| Packages

The Package is the MOF Model construct for grouping elementsinto a metamodel. Packages serve two purposes.

1.[ AttheM2level, Packages provide away of partitioning and modularizing the metamodel space. Packages can
contain most kinds of model element (e.g., other\Packages, Classes, Associations, DataTypes, Exceptions, |Constants,
and so on).

2. AttheM1llevel, Packageinstances act @sthe outermost containers for metadata. Indirectly, they also defing the scope
boundaries of Association link setsand of “classifier level” Attributes and Operations on Class instances (see 8.8.4,
“Package Extents,” on page 147).

The MIOF Model provides four meehanisms for metamodel composition and reuse (i.e., generalization, nesting, mporting,
and clyistering). These are described in the following sub clauses.

6.3.6.1] Package Generalization

Packagies may be genéralized by (inherit from) one or more other Packages in a way that is analogous to Class
generdization deseribed in 6.3.1.5, “Class Generalization,” on page 15. When one Package inherits from another, the
inheritjng (sub=)*Package acquires all of the metamodel elements belonging to the (super-) Package it inherits|from.
Package inheritance is subject to rules that prevent name collision between inherited and locally defined metamodel
elements:

At the M1 level, a sub-Package instance has the ability to create and manage its own collections of Class instances and
Links. This applies to the Classes and Associations that it defines explicitly, and to those that it acquires by inheritance.

The relationship between instances of the super- and sub-Packages is similar to relationship between instances of super-
and sub-Classes:

» A sub-Packageinstanceistype substitutable for instances of its super-Packages (i.e., the sub-Package instance “1S_A”
super-Package instance).
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A sub-Package instance does not use or depend on an instance of the super-Package (i.e., thereisno “IS PART_OF”

relationship).

Packages may be defined as “root” or “leaf” Packages (with analogous meaning to “root” and “leaf” Classes), but
“abstract” Packages are not supported.

6.3.6.2

A Pac

Packagies may be strongly coupled to other model elements in the same containment. For example, a Class in
Package have a Reference that links it via an Association in its context, or its semantics could be Cavered by
definegl Constraint that applies to the enclosing Package.

A nest

be ine

Nested Packages are not directly instantiable. No factory objects or gperations are defined for nested Package
An M1 level instance of a nested Package can only exist in conjunction with an instance of its containing Pac
Conceptually, a nested Package instance is a component of an ipstance of its containing Package.

NOTE:!:

tailed.

6.3.6.

In many situations, the semantics of Package nesting and generalization do not provide the best mechanism fo
metamodel composition. For example;ithe metamodeler may wish to reuse some elements of an existing metai
not others. The MOF provides anyimport mechanism to support this.

A Pacl
Pack
elem

Here g

Im} [l Dl +1
4 FAULRNAYCT INT Oty

kage may contain other Packages, which may in turn contain other Packages. Model elements defined i

generalize or be generalized by other Packages.
be imported or clustered by other Packages.

B Package Importing

<age may be defined as'importing one or more other Packages. When one Package imports another, the
e is allowed to make.use of elements defined in the imported one Package. As a shorthand, we say thal
ts of the importedyPackage are imported.

re some examples of how a Package can reuse imported elements. The importing Package can declare;
Attributes, Operations, or Exceptions using imported Classes or DataTypes,

Qperations that raise imported Exceptions,

nested
A nested
A LSer-

bd Package is a component of its enclosing Package. Since, in general, the model elémentsin a nested Package can
tricably tied to its context, there are some significant restrictions on how nested.Rackages can be composed. In
particdlar, a nested Package may not:

instances.
kage.

The main effect of nesting one Package inside anothenis to partition the concepts and the namespace of thé outer
Package. Nesting is not a mechanism for reuse. Indeed when a Package is nested, the options for reusing its conten

ts are cur-

r
model and

importing
the

DataTypes and Constants using imported DataTypes or Constants,
Classes whose supertypes are imported Classes, and

Associations for which the types of one or both Association Endsis an imported Class.

At the M1 level, an instance of an importing Package has no explicit relationship with any instances of the Packages that
it imports. Unlike a sub-Package, an importing Package does not have the capability to create instances of imported
Classes. A client must obtain any imported Class instances it needs via a separate instance of the imported Package.
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6.3.6.4 Package Clustering

Package clustering is a stronger form of Package import that binds the importing and imported Package into a “cluster.”
As with ordinary imports, a Package can cluster a number of other Packages, and can be clustered by a number of other
Packages.

ckafes-wererested-withirthe-Package—hat+s the
er Package instance. In particulap

An ingtanee-of-achuster Package-behaves-as-the-chust v
lifecydle of a clustered Package instance is bound to the lifecycle of its clust

» | When the user creates an instance of a cluster Package, an instance of each of its clustered Packagesis cregted
automatically.

« | The instances of the clustered Packages created above all belong to the same cluster Package extent.

« | Deleting a cluster Package instance automatically deletes its clustered Packaged instances, and the clusterefl Package
instances cannot be deleted except as part of the deletion of the cluster Package instance.

Howeyer, unlike a nested Package, it is possible to create an independent instance-of a clustered Package. Alsp, in some
situations clustered Package instances are not strictly nested.

NOTE] It is possibleto cluster or inherit from Packages that cluster other Packages. The impact of thison M1 levd instance
relationshipsis discussed in 8.8.4, “Package Extents,” on page 147.

In sunmjmary, the relationship between the M1 level instances in @ Package cluster is that each clustered Package instance
is a component of the cluster Package instance. Unlike nested‘Packages, there is no composite relationship befween the
M2 leyel Packages.

6.3.6.5 Summary of Package Composition Constructs

The prioperties of the four Package composition mechanisms defined by the MOF Model are summarized by Tlable 6.1.

Table 6.1 - Package Composition Constructs

Metgmodel Construct Conceptual M2 level Relationship M1 level Relationship
Relationship Properties Properties
Nesting P1 contains P2 PL—— P2 Ple— P2
Gengralization / Inhexitance P1 generalizes P2 P2- - = P1 P2 —> P1
Impoyrting P1 imports P2 PL--- = P2 none
Clustering P1 clusters P2 PL- - = P2 P1O—— P2
or none

The symbology of the table is based on UML; that is, afilled diamond means composition, a hollow diamond means
aggregation, a hollow triangle means inheritance, and a dotted arrow means “depends on.”

Note that P1 and P2 denote different (though related) things in different columns of the table:
« Incolumn 2, they denote conceptual M2 level Packagesin a metamodel.
« Incolumn 3, they denote both the conceptual M2 level Packages, and the objects that represent them in areified

metamode!.
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In column 4, they denote M1 level Package instances (when underlined) or their types.

Constraints and Consistency

The MOF Model constructs described so far allow the metamodeler to define a metadata information that comprises
nodes (Classes) with attached properties (Attributes / DataTypes) and relationships between nodes (Associations). While

the abT)ve constructs are sufficient to define an “abstract syntax” consisting of metadata nodes and links, this.s

typical
This s

6.3.7.

The M
compd

.
3
.
.

3

A Con
decide
expres
langug
part of

specifilcation.

The e\
or at g

ly needs to be augmented with additional consistency rules.

b clause describes the MOF Model’s support for consistency rules and model validation.
| Constraints

OF Model defines an element called Constraint that can be used to attach consisténcy rules to other me
nents. A Constraint comprises.

aconstraint name,

a“language’ that identifies the language used to express the consisteney rules,
an “expression” in the language that specifiesarule,

an “evaluation policy” that determines when the rule should beenforced, and
aset of “constrained elements.”

Straint expression is an expression in some language:that can be “evaluated” in the context of a metamd
if it isvalid. The MOF specification does not define or mandate any particular languages for Constrain
5ions, or any particular evaluation mechanisms: Indeed, it is legitimate for Constraints to be expressed i

the MOF Model specification itself aresexpressed in Object Constraint Language (OCL) as described i

aluation policy property of a€enstraint determines whether the consistency rule should be enforced im|
later time. Figure 6.5 gives asimple example that will be used to illustrate the need for evaluation poli

AN
ConstraintX My Class
aisodd~ [ T T T = — —| ~ = a Integer

N _ == — 1+ - b Integer
Constraint Y _ -

by ntax

famodel

del to
It
h informal

ge (e.g., English) and for validation to be.implemented by ad-hoc programming. However, the Constraints that are

the UML

mediately
Cies,

bequasa* 2

Figure 6.5 - Examples of Constraints

In Figure 6.5, Constraint X constrains only Attribute a while Constraint B constrains both Attributes a and b.
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It is feasible to check the first Constraint (X: “ais odd” on the Attribute “a") at any time. It could be checked whenever
avalue for “a" is supplied (e.g., at instance creation and when “a’ is updated). An exception would be raised if the new
value for “a’ was even. Alternatively, constraint checking could be deferred to a later point (e.g., when the user requests
validation of a model).

The second constraint (Y: “b equalsa* 2" on both Attributes “a” and “ b”) is another matter. If aserver enforces Y on

invokgd the operatlons the updates would raise an exception. Instead, enforcement of Y must be deferred-until both *
and “iy" have been updated.

NOTE{ The Constraint construct is intended to be used for specifying consistency rules for models ratheb than for defining the
computation behavior of (for example) Operations. It is“bad style” to specify Constraint expressionsthat have sidg-effects on
the state of a model, not least because it is unspecified when Constraints are evaluated.

6.3.7.2 Structural Consistency

As noted previously, a MOF-based metamodel defines an “abstract syntax” for¢metadata. Some aspects of the jabstract
syntax|are enforced by the corresponding metadata server’s IDL. For exampl€,_the operation that creates a link for an
Associfation has a type signature that prevents the user from creating a lipk'with the wrong kind of Class instahces.
However, some aspects of the abstract syntax can only be enforced by «untime structural consistency checks. WWhile most
of the structural checks are made immediately, checks for “underflow?® often need to be deferred.

It is ngt practical for a metamodel to specify a priori all possible,things that can go wrong in a MOF-based mgtadata
server|lt is therefore necessary to recognize that a MOF server-may need to perform a variety of runtime checks that are
neithe defined or implied by the metamodel. These include*additional metadata validation that is not specifieql by the
metamodel, resource and access control checks, and internal error checking.

6.3.7.3 Consistency Checking Mechanisms

The M|OF specification provides a lot of latitude for metadata server implementations in the area of constraint|checking
or valigation.

« | Support for checking of Constraintsis not mandatory. In particular, there is no requirement to support any particular
language for Constraint expressions.

« | The set of events (if*any) that may trigger deferred checking is not specified. No general APIs are specified for
initiating deferred,Consistency checking.

« | Persistenceand interchange of metadata, which isin aninconsistent state may be allowed. (Indeed, thiswoyld seem to
be a preréquisite for some styles of metadata acquisition.)

« | Thereare no specified mechanisms for ensuring that validated metadata remains valid, or that it does not chhange.

ral

consistency checks that are Iabeled as immediate.

6.3.8 Miscellaneous Metamodeling Constructs

This sub clause describes the remaining significant elements of the MOF Model.
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6.3.8.1 Constants

The Constant model element allows the metamodeler to define simple bindings between a name and a constant value. A
Constant simply maps onto a constant declaration in (for example) the IDL produced by the MOF IDL mapping.

6.3.8.2 Exceptions

The Exception model element allows the metamodeler to declare the signature of an exception that can berairged by an
Operaion. An Exception simply maps onto (for example) an IDL exception declaration.

6.3.8.8 Tags

The Tag model element is the basis of a mechanism that allows a “pure” MOF metamodel to be extended or modified. A
Tag cgnsists of:

» | aname that can be used to denote the Tag in its container,

» |a“tagid” that denotesthe Tag's kind,

« | acollection of zero or more “values’ associated with the Tag, and
« | the set of other model elements that the Tag is “ attached” to.

The meaning of a model element is (notionally) modified by attaching a Tag to it. The Tag's “tag id” categorizes the
intended meaning of the extension or modification. The “values™then further parameterize the meaning.

Asagpneral rule, the definition of values and meanings for<tag id” strings is beyond the scope of the MOF specification.
The sgecification recommends a tag id naming schemethat is designed to minimize the risk of name collision, [but use of
this scheme is not mandatory; see 7.4.28, “Tag,” or.page 83.

One exception to this is the MOF to IDL Mapping. This defines some standard tag ids that allow a metamode]| to
influence the IDL mapping; see 9.6, “ Standard Tags for the IDL Mapping,” on page 194 for the complete list.|For
example:

« [“IDL Substitute Name” provides an aternative IDL identifier for an element in a metamodel, and

- | “IDL Prefix” alowsthe metamodeler to specify the IDL “prefix” for atop-level Package.

6.4 | Metamodels and Mappings

The prievious sub-clauses outlined the overall metadata architecture for the MOF, and the metamodeling constfucts
provided by the'MOF Model. This sub clause describes the Mapping approach that is used to instantiate MOH
metamodels ‘and metadata in the context of a given implementation technology.

Vi

This s C C C appings. The
next two sub clauses give h|gh Ievel overviews of the OMG MOF technology mappings deflned to date. The final sub
clause explains how the standard mappings are applied to the MOF Model to produce the OMG IDL for the MOF Model
server and an XML DTD for metamodel interchange.

6.4.1 Abstract and Concrete Mappings

MOF Mappings relate an M2-level metamodel specification to other M2 and M1-level artifacts, as depicted in Figure 6.6.
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M3 level 1
Mof
Model
——————— XMI - XML Mapping
M2 level _\A — \
pplicaiion .
metamodel Applicn N Applicn
I IDL Mapping | 'O- *Saver XMI DTD
Abstract Mapping

M1l

Application
metadata as
an XML doc.

Application metadata
as CORBA objects

Application metadata

Figurg 6.6 - The function of MOF Technology Mappings

Figure|6.6 depicts the Mapping derived relationships for an application metamodel as follows:

The A
alignm

Since

corr
corr

DTD for interchanging metadata conforming to the metamodel.

ent for current and future MOF technology Mappings.

he IDL and XML Mappings'are both aligned with the Abstract Mapping there is a precise one-to-one

(e.g., tp Java or DCOM techiology) that are aligned with the Abstract Mapping.

6.4.2

The MOEWMetamodel to IDL Mapping

The Abstract mapping (defined in “The MOF Abstract Mapping” Clause) fleshes out a MOF metamodel into an
abstract information model; that is, by spelling out the logi@al structure of the metadata described by the mgtamodel.

The DL Mapping (6.4.2, “The MOF Metamodel to IBL Mapping,” on page 26) produces the standard OM[G IDL and
associated behavioral semantics for metaobjects théat'can represent metadata conforming to the metamodel.

The XML Mapping (see 6.4.3, “The MOF Metamodel to XML Mappings,” on page 27) produces the standard XML

bstract Mapping has two roles: 1) it sepves to define the “meaning” of a metamodel, and 2) it provides & point of

ondence between abstract metadata and metadata expressed as XMI documents or CORBA metaobjects. This
ondence holds for all-metamodels. More significantly, it should also hold for any future metamodel Mappings

The M|IOF IDLSMapping produces a specification for a CORBA metadata service from a MOF metamodel spegification.
The OMGADL interfaces and associated behavioral semantics are specified in the “MOF to IDL Mapping” cl
“The Reflective Module” clause. These interfaces support creating, updating, and accessing metadata in the form of

se and

CORBA objects, either using “specific” interfaces that are tailored to the metamodel or “generic” interfaces that are
metamodel independent.

The MOF IDL Mapping places some additional restrictions in MOF metamodel s beyond those set out in the “MOF Model
and Interfaces’ clause. See 9.5, “Preconditions for IDL Generation,” on page 192 for details.

26
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The MOF Metamodel to XML Mappings

Interchange of MOF-based metadata is defined in a separate OMG specification. The XMI (XML -based metadata
Interchange) specification leverages the W3C’'s XML (eXtensible Markup Language) technology to support the
interchange of metadata and metamodels between MOF-based and other metadata repositories.

The X
1.

6.4.4

The M'I
reposi

1 L.L SpeclTicallon (rormal/ZU00-11-UZ) TiaS tWO Imialin pParts.

The“XML DTD Production Rules’ define a uni-directional mapping from a MOF metamodel to ar XML
(Document Type Definition) for metadata interchange documents.

DTD

The “XML Document Production Rules’ define a bi-directional mapping between an XM L{document (stijuctured

according to the above DTD) and MOF-based metadata that (implicitly) conforms to the Abstract Mappir

Mappings of the MOF Model

OF IDL mapping has been applied to the MOF Model to produce the normative CORBA IDL for a mef
ory. The XMI specification has been applied to the MOF Model to produee the normative XMI DTD fg

metamodel interchange, and a normative rendering of the MOF Model in the interchange format. These and o

electrg

nic renderings of the MOF metamodel are described in 4, “List ef\Documents,” on page 2.

0.

amodel
r
her
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(Blank page)
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7 MOF Model and Interfaces

7.1 Overview

This Clause describes the model that defines the MOF. The MOF provides a set of modeling elements, including the rules
for their use, with which to construct models. Specifically, the MOF modeling elements support development pf meta-
model$. This focus enables the MOF to provide a more domain-specific modeling environment for defining méta-models

instead of a general-purpose modeling environment.

A welll-designed modeling tool or facility should be based on a meta-model that represents the modeling elements and the

rules grovided by the tool or facility.

Every meta-model is also a model. If the MOF Model described in this sub clause is the meta-model for the M
is the model for this meta-model? Formally, the MOF is defined in itself; that is, the madeling elements defin
MOF Model and provided by the MOF are used to define the MOF Model itself. Lnlessence, the MOF Model
meta-model. However, this circular definition does not support presentation of the'model. Therefore, this spec
descrilpes the MOF narratively and through the use of UML notation, tables, angdt Object Constraint Language
expressions.

Note that the use of UML notation is a convenience to the designers of¢the MOF and to the readers of the MQ
specifilcation. The semantics of the MOF Model are completely defined in the MOF specification and do not ¢
the semantics of any other model. The MOF interfaces used to manipulate meta-models are dependent on COR
these interfaces are specified using CORBA IDL.

A significant amount of the MOF Model syntax and semantics definition is constraint-based. This specificatior]
straint expressions as clearly as possible. In addition, the specification provides a reference to the OCL

objects; however, it can express.constraints (including invariants, preconditions, and post-conditions).
ions use operations defined imthe MOF Model with the attribute isQuery set to TRUE. (Such operatio
change the state of the object.) To ensure complete specification of constraints, this document provides OCL d
for MQF-defined operations used‘in OCL expressions. In addition, to avoid ambiguity or misinterpretation thi
specifilcation uses OCL to define a few of the most complex concepts of the MOF Model.

The interfaces throughwhich the MOF is utilized are generated from the MOF Model. However, these interfal
provide the semantic information necessary to determine the behavior of their operations. Therefore, it is essel
undergtand the MOF in terms of its model and related semantics, not just its interfaces.

7.2 How the MOF Model is Described

OF, where
bd in the
is its own
fication
OCL)

F
epend on
BA in that

describes
bXpression

ml.htm),
thange the
OCL

s do not
efinitions

»]

ces do not
ntial to

This Clause describes the modeling elements that comprise the MOF Model and provide the building blocks for meta-
models. Because these elements are formally described with the MOF Model itself, the characteristics used to describe the

model are the same characteristics provided by the model.

The following sub clauses briefly describe the conventions that this specification uses to define the model elements and

their characteristics, with a few exceptions noted.
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7.2.1

Classes

Classes are the fundamental building blocks of MOF meta-models and the MOF Model. A Class can have three kinds of
features; Attributes, References, and Operations. They may inherit from other Classes, and may be related to other
Classes by Associations. Classes are presented in detail in 8.5, “ Semantics of Class Instances,” on page 141.

NOTE:
featurg

This ofder determines the order in which elements appear in the generated | DL and isin theory significant.

Thisd
Model
charac
charac

7.2.1.

Each ¢
Model

ication or classification of meta-objects that includes their state, their interfaces, and (at least informally

ied in detail in 7.4, “MOF Model Classes,” on page 41. Each Class is defined in terms of. its name(s), it

1 Class Heading

OF USes the tern asS WIth a meaning tnal SImifalr 1O thal O assS 11 UV A IVIU ASS dll dD

s specification is sufficient to allow the generation of concrete interfaces with well defined semantics for
bject state. However, a MOF Class specification does not include any methods to implement meta-objed

asses that make up the MOF Model are introduced in 7.3, “The Structure of the MOF Medel,” on page|

5, the Classes whose instances it can contain, its attributes, its references, its operations] its constraints, ar
stract or concrete.

Except where stated, the order in which “MOF Model Classes’ on page 41 introduces Classes and their co|
S is not normative. The normative order is defined in the XM for the MOFModel that may be found in the

bcument uses a hybrid textual and tabular notation to define theimportant characteristics of each Classi
The notation defines defaults for most characteristics, so thiat'the Class definitions need only explicitly

eristics.

Llass in the MOF Model is introduced by-a.second level sub clause heading. The heading defines the st

ract
behavior.
managing

t behavior.

36 and
5 super-
d whether

mponent
Preface.

the MOF
specify

eristics that are different from the default. The followingdext explains the notation used for Classes angl their

ndard

Flement name for the Class. The Classes-name on the heading line can be followed by the word “abstra¢t” or by a

“substitute_name” for some mapping. For example, the following:

3.4.1ModelElement (abstnact)
introches a Class caled “Model Element” and defines its Clause “isAbstract” flag to have the value “true.” On the other
hand, the following:

3.4.11Attribute (idl_substitute_name"MofAttribyte”)
introdyices a Class ealled “ Attribute” and defines its substitute name (for the IDL mapping) as “MofAttribute.” | The latter
information is encoded using a Tag whose “tagld” is “idl_substitute_name” and whose “values’ consist of the|Any-ized
string | MofAftribute.”

Unlesy

stated otherwise each Class in the MOF Model has “isAbstract” set to false, and has no attached Tags.

NOTE: The MOF uses “abstract Class’ in the same sense as UML, and also Javaand many other object oriented programming
languages. There is no relationship with the IDL keyword “ abstract” introduced in CORBA 2.3.

The paragraph or paragraphs following a Class heading give a description of the Class, its purpose, and its meaning.
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7.2.1.2 Superclasses

The “Superclasses” heading lists the MOF Classes that generalize the Class being described. In the MOF context,
generalization is another term for inheritance. Saying that a Class A generalizes a Class B, means the same as saying that
Class B inherits from Class A. The sub-Class (B) inherits the contents of the super-Class (A). Multiple inheritance is
permitted in the MOF.

Thish
super-

7.2.1.

Instan
headin
of the
Model
concig

If the
Class

7.2.14

The “ 4
Classg

All At
a Datg
define

Table

bading is always present, since with the sole exception of ModelElement, all Classes in the MOF Made)
Cl asses.

B Contained Elements

bes of the sub-Classes of NameSpace can act as containers of other elements. If present, the “Contained
g lists the Classes whose instances may be contained by an instance of this container.Class. It aso gives
MOF Model Constraint that defines the containment rule for the Class. For moredétails, see 7.3.3, “Th
Structure,” on page 38. In particular, Table 7.5 on page 137 expresses the MOF Class containment rule
e form.

Contained Elements’ heading is absent, instances of the Class may €iot Contain other instances. This oG
s an abstract Class (and therefore has no instances), or if the Class is not derived from the Namespace

L Attributes

\ttributes’ heading lists the Attributes for a Class in the MOF Model. Attributes that are inherited from
5 are not listed. If the “ Attributes’ heading is missing, the Class has no Attributes.

ributes defined in the MOF Model have a “visibility” of “public_vis.” All have a “type” that is represel
Type, and therefore all have aggregation semantics of “none.” The remaining characteristics of Attribut
] using the notation described in Table 71:

V.1 - Notation for Attribute Characteristics

have

Flements’
the index
e MOF
5ina

curs if the
Class.

the super-

hted using
ES are

Entr

y Description

type:

This entry defines the base type for the Attribute. It gives either the name of a DataType de
7.6, “MOF.Model Data Types,” on page 96, or the name of a standard MOF primitive data t
“Boolean® or “ String”) defined in 7.10, “ The PrimitiveTypes Package,” on page 134. The bal
represented by the Attribute's “type.”

fined in
ype (e.g.,
se type is

multi

blicity: This entry defines the “multiplicity” for the Attribute, consisting of its “lower” and “upper’
an “isOrdered” flag, and an “isUnique” flag. See 7.6.2, “MultiplicityType,” on page 96, and
“Multiplicity,” on page 142 for more details. The multiplicity for an Attribute is expressed a
e The “lower” and “upper” bounds are expressed as “exactly one,” “zero or one,” “zero or more,” an

bounds,
8.6.2,
5 follows:
d “one or

marall
TTHOore:

* |f the word “ordered” appears, “isOrdered” should be true. If it is absent, “isOrdered” should be false.
e |If the word “unique” appears, “isUnique” should be true. If it is absent, “isUnique” should be false.

changeable:

true.

This optional entry defines the “isChangeable” flag for the Attribute. If omitted, “isChangeable” is
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Table 7.1 - Notation for Attribute Characteristics

derived from: | This optional entry either describes the derivation of a derived Attribute, or if the entry is present, the
Attribute’'s “isDerived” flag will be true. If it is absent, the flag will be false.
scope: This optional entry defines the “scope” of an Attribute as either “instance level” or “classifier_level.”
If the entry s absent, the Attribute’s “scope” is “instance |evel.”
7.2.1.% References

The “H
to an A

an instance of the Class to other instance or instances that are related by links in the Association. If the “Refef

headin

A Clad
navigd
Classe)
betweq

NOTE;]
the “is|
names
Thism

be use(l.

Most ¢
inform

References” heading lists the References for a Class in the MOF Model. A Reference connects its contai
\ssociation End belonging to an Association that involves the Class. This alows a client to-navigate dir

g is absent, the Class has no References.

s involved in an Association may or may not have a corresponding Reference,-A\Reference means that a
te to instances of the other Class; however, this comes at the cost of some réstrictions. In particular, if 0

N instances in different “extents’ (see 8.11.1, “The Reference Closure Rule,” on page 153).

The modeling of navigation in MOF differsfrom UML. In UML ,“mechanisms for navigating links are avai
Navigable” flag istrue for a given AssociationEnd. In this case, Stronger uniqueness constraints on Associat
mean that they are unique within the namespaces of the Association and all Classes involved and their sub-(
leans that the A ssociationEnd names uniquely bind to a“ npavigator” operation in each context in which naviga

ation:

The “visibility” of all Referencesin the MOF Model is“public_vis.”

The “scope’ of al Referencesis:instance scope.”

The “type” of all Referencesiis the same as the “type” of the AssociationEnd it references.

The “multiplicity” of al Referencesisthe same as the “multiplicity” of the AssociationEnd it references.

ning Class
betly from
ences’

client can
ne or both

5 in an Association have References for that Association, the Reference Closure rule restricts the creation of links

able when
onEnd
Cl asses.
ition might

haracteristics of References in the MOF Model~are either common across all References or derived from other

The variable characteristics'of References are defined or documented using the notation described in Table 7.24.
Table 7.2 - Notation‘for Reference characteristics
Entry Description
class This entry documents the base type of the Reference and is represented as its “type.” Note that the
“type” of a Reference must be the same as the “type” of the referenced AssociationEnd.
defined by: This entry defines the Association and AssociationEnd that the Reference is linked to via a RefersTo
link.
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Table 7.2 - Notation for Reference characteristics

multiplicity:

This entry documents the “multiplicity” characteristics for the Reference. These are written the same
way as Attribute “multiplicity” characteristics, except that “unique” is omitted because its value is
predetermined (see 7.2.2.2, “Ends,” on page 34). Note the following:

¢ the OCL constraints on MultiplicityType and AssociationEnd mean that the “isUnique” field must be “false” if

e ~upper pound 1S I and "True™ OtNerwise, and
* the “multiplicity” settings for an AssociationEnd and its corresponding Reference(s) must be the'sgme.

changeable:

This optional entry defines the setting of the Reference’s “isChangeable” flag. If théentry i absent,
the “isChangeable” flag is true.

inverge:

This optional entry documents the “inverse” Reference for this Reference; that-i's, the Reference on
the link related Class that allows navigation back to this Reference’s Class. If this entry is absent, the
Reference does not have an inverse Reference.

7.2.1.6 Operations

The “Qperations’ heading lists the Operations for a Class in the MOF Model.(If ‘the heading is absent, the Clgss has no

Operations.

All Ogerations for Classes in the MOF Model have “visibility” of “public_vis.” The remaining characteristics|of
Refergnces are defined using notation described in Table 7.3.

Table .3 - Notation for Operation Characteristics

Entry

Description

return type:

This optional entry defines the “type’ and “multiplicity” of the Operation’s return Parametey; that is,
the one with “direction” of “return_dir.” The “type” is denoted by a name of a Class or DataType
defined the MOF Model, era’name of standard MOF primitive data type. The “multiplicity| is
expressed like an Attribute™ multiplicity” (see Table 7.2 on page 32), except that when it is absent, the
“multiplicity” defaults to “exactly one.”

The return Parameter (if it exists) should be the first contained Parameter of the Operation. [If this
entry is absent or says “none,” the Operation does not have a return Parameter.

isQuery:

This optipnal entry defines the Operation’s “isQuery” flag. If it is absent, the “isQuery” flag has the
value false.

scopeg:

This optional entry defines the Operation’s “scope.” If it is absent, the Operation has a “scgpe” of
“instance_level.”

par ar|neters:

This entry defines the Operation’s non-return Parameter list in the order that they appear infthe
Operation’s signature. Each parameter is defined with the following format: name, direction type

multiplicity. If the “multiplicity” is not explicitly specified, it defaults to “exactly one.” If the entry
simply says “none,” the Operation has no non-return Parameters.

exceptions: This optional entry defines the list of Exceptions that this Operation may raise in the order that they
appear in the Operation’s signature. If it is absent, the Operation raises no Exceptions.

operation This optional entry simply gives a cross reference to the OCL defining the Operation’s semantics.

semantics: Note that the MOF Model does not provide a standard way of representing an Operation’s semantic

specification, and it is not included in the normative XMI serialization of the MOF Model.
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7.2.1.7 Constraints

The “Constraints’ heading lists the Constraints that are attached to this Class in the MOF Model. The OCL for the
Constraints may be found in 7.9.4, “The MOF Model Constraints,” on page 105. Each listed Constraint “constrains’ the
Class, and is also contained by it.

7.2.1.8 IDL

The “IPL" heading shows an excerpt of the MOF Model IDL that corresponds to this Class. The excerpts,-whi¢h are part
of the['Model” module given in the “MOF to IDL Summary” clause, consist of a Class proxy interface’and an Instance
interface. For information on these interfaces, refer to the “MOF to IDL Mapping” clause.

7.2.2| Associations

The Apsociations in the MOF Model are defined in 7.5, “MOF Model Associations,” @n page 85.

Associfations describe relationships between instances of Classes. In short, an Asseciation relates two Classes (or relates
one Clpss to itself) to define a “link set” that contains two-ended “links” betwéen instances of the Classes. The|properties
of an Association rest mostly in its two AssociationEnds. Refer to 8.9, “Semantics of Associations,” on page 149 for a

more detailed explanation.

7.2.2.1 Association Heading

Each Association in the MOF Model is introduced by a second level sub clause heading in “MOF Model Assqciations”
on page 85. The heading defines the standard Model Elemént name for the Association. The Classes name on the heading
line can be followed by the word “derived.” For example, the following:

3.b.4 Exposes (dlerived)

introdyices an Association called “Exposes’(and defines its Clause “isDerived” flag to be true. If the word “deriyed” is not
present, the Association’s “isDerived” flag,is false.

The paragraph or paragraphs following an Association heading give a description of the Association, its purpose, and its
meaning.

7.2.2.2 Ends

The “Bnds’ heading-défines the two AssociationEnds for an Association in the MOF Model. The two AssociatignEnds are
definegl by giving-their “name” values and defining the remaining characteristics in tabular form.
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Every AssociationEnd in the MOF Model has both “isNavigable” and “isChangeable” set to true. The remaining
characteristics of AssociationEnds are defined using notation described in the table below.

Entry Description

class: This entry specifies the Class whose instances are linked at this end of the Association. Thisis
Tepresented by the ASSoCialionENd'S “Mame ™ altrpute.

multiplicity: This entry defines the AssociationEnd's “multiplicity” attribute. Thisis expressed in the.same way as
References (i.e., uniqueness is implicit - see 7.2.1.5, “References,” on page 32). Notethe fgllowing:
* the OCL constraints on MultiplicityType and AssociationEnd mean that the “isUnique}field must bg “false” if

the “upper” bound is 1 and “true” otherwise, and
e the “multiplicity” settings for an AssociationEnd and its corresponding Reference(s) must be the sgme.

aggregation: This optional entry defines the AssociationEnd's “aggregation” attribute-as one of “composite,
“shared,” or “none” (see 8.9.4, “Association Aggregation,” on page\152). If the entry is absent, the
AssociationEnd’s “aggregation” attribute takes the value “none/”

7.2.2.3 Derivation

The “Derivation” heading defines how a derived Association should belcomputed. It may include marker for anf OCL rule
definegl in “[C-59]" on page 122.

7.2.2.4 DL

The “IDL” heading shows an excerpt of the MOF Model#DL that corresponds to this Association. These excerpts, which
are paft of the “Model” module given in the MOF IDE\Summary Clause, consist of an Association interface gnd related
IDL data types. For more information, refer to the<MOF to IDL Mapping Clause.

7.2.3| DataTypes

The DptaTypes that form part of the MOF Model are described in 7.6, “MOF Model Data Types,” on page 96 All
DataTypes in the MOF Model have‘visibility” of “public_vis.” The settings of the other attributes are “isAbsjract” =
false, {isRoot” = true, and “isL.eaf*’= true as required by various MOF Model constraints.

The DptaTypes used in thesMOF Model are instances of PrimitiveType, StructureType, or EnumerationType. A
StructyreType's StructureFields (and their order) are as shown in the IDL. Similarly, an EnumerationType's “lgbels’ and
their order are as shown'in the IDL.

The rgmaining characteristics of a DataType are its “name” (given in the sub clause heading), and its container| (given by
the “ Container®. subheading). If the “Container” subheading is absent, the DataType is contained by the Model Package.

7.2.4| __Exceptions

The Exceptions that form part of the MOF Model are described in 7.7, “MOF Model Exceptions,” on page 99.
All Exceptions in the MOF Model have “visibility” of “public_vis’ and “scope” of “classifier_level.”
The remaining characteristics are the Exception’s

« “name” - given in the sub clause heading, and
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» Parameters and Container, which are given in the corresponding headings.

If the Container heading is absent, the Exception is contained by the Model Package.

7.2.5 Constants

The CpRstants that Torm part of the MOF Modeare described I 7.8, ~MOF Mode Constants,— on page 99,
The characteristics of a Constant are its

« | “name” - given in the sub clause heading, and

« | Container - given under the “ Container” heading, and

» | “type” and “value’ that can be determined from the IDL.

If the {Container” heading is absent, the DataType is contained by the Model Package,
7.2.6| Constraints

The Copnstraints that form part of the MOF Model are described in 7.9, “MOF Model Constraints,” on page 1Q1. The
notatign used for describing the constraints is described in 7.9.2.1, “Notation for MOF Model Constraints,” or] page 101.

7.2.7| UML Diagrams

At varfous pointsin this clause, UML class diagrams are used to describe aspects of the MOF Model. To undergtand these
diagrams, the reader should mentally map from UML _modeling concepts to the equivalent MOF meta-modeling
constriicts.

There |s one point in which this document’s use of UML notation requires explaining. In standard UML notatjon, an
arrowhead on an Association line indicatesthat the Association is navigable in the direction indicated. Absenge of an
arrowhead can mean either that the Association is navigable or that it is navigable in both directions, depending on the
context.

Aswasg explained in 7.2.1.5, “Referénces,” on page 32, the MOF models navigable Associations in a different way. Thus
in this|document, an arrowhead on one end of an Association means that a Reference exists on the Class at the opposite
end that allows navigation in-the indicated direction. If there are no arrowheads, there are References on the Glasses at

both ends of the Associatien.

7.3 The.Structure of the MOF Model

This sfib clause gives an overview of the structure of the MOF Model.

7.3.1 The MOF Model Package

The MOF Model, asiit is currently defined, consists of a single non-nested Package called “Model.” This Package
explicitly imports the “PrimitiveTypes’ Package so that it can use the “Boolean,” “Integer,” and “ String” PrimitiveType
instances.

The class diagram in Figure 7.2 on page 39 shows the Classes and Associations of the “Model” Package. To aid
readability, Class features, Association End names, DataTypes, and other details have been omitted from the diagram.
These details are all specified in later sub clauses of this clause.
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Figure 7.1 - The MOF Model Package
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7.3.2

The MOF Model Service IDL

The “Model” Package is used to generate the CORBA IDL for the OMG MOF Model service using the MOF to IDL
Mapping defined in the “MOF Abstract Mapping” clause through the “Reflective Module” clause. Relevant fragments of
the resulting IDL is embedded in the Class, Association, DataType, and Exception descriptionsin 7.4, “MOF Model
Classes,” on page 41 through 7.7, “MOF Model Exceptions,” on page 99.

The 10
to hav

The IO
“MofA
and “H
7.3.3

The cd
Classg

7.3.3.

The kd

7.3.3.]

The ke

1 Key Abstract Classes

L for the MOF Model service requires a “prefix” of “org.omg.mof.” To this end, the “Model” Packagel|is defined
b an “idl_prefix” Tag with value “org.omg.mof.”

L for the MOF Model services requires the “Attribute” and “Exception” elements to have IDL“names
ttribute” and “MofException” respectively to avoid collision with IDL keywords. To thisend, the “ Attriqute” Class
xception” Class have ‘idl_alternate_name” Tags with the values “MofAttribute” and “MefException” regpectively.

The MOF Model Structure

re structure of the MOF Model is shown in the class diagram in Figure 7.2..This diagram shows the key abstract
5 in the MOF Model and the key Associations between them.

by abstract Classes in the MOF Model are as follows:

ModelElement - thisis the common base Class of all M3*level Classesin the MOF Model. Every Model Elgment has a
“name.”

Namespace - thisis the base Class for all M3-level Classes that need to act as containers in the MOF Modd.
GeneralizableElement - thisis the base Class for all M3-level Classes that support “generalization” (i.e., inheritance).

TypedElement - thisisthe base ClassforM3-level Classes such as Attribute, Parameter, and Constant whosg definition
requires a type specification.

Classifier - thisis the base Class for all M3-level Classesthat (notionally) define types. Examples of Classifjer include
Class and DataType.

P Key Associations

y Associations inthe MOF Model are as follows:

Contains’ this Association relates a Model Element to the Namespace that containsiit (see 7.3.4, “ The MOk Model
Containment Hierarchy,” on page 40).

38

Generalizes - this Association relates a GeneralizableElement to its ancestors (i.e., supertypes) and children (i.e.,
SObtypes) T amode erement imherntance graph, Note that aGenerahizabteE e ay ot know about atof its

IsOf Type - this Association relates a TypedElement to the Classifier that definesiits type.

DependsOn - this derived Association relates a Model Element to others that its definition depends on. (It is derived
from Contains, Generalizes, |SOf Type, and other Associations not shown here.)
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Figure 7.2 - The Key Abstractions of the MOF Model
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7.3.4 The MOF Model Containment Hierarchy

The most important relationship in the MOF Model is the Contains Association. Containment is a utility Association that
is used to relate (for example) Classes to their Operations and Attributes, Operations to their Parameters, and so on. While
the class diagram shows that only Model Element objects that are subtypes of Namespace can contain any other
ModelElements, the MOF Model restricts the legal containments to eliminate various nonsensical and problematical

cases.
Table 7.4 shows the legal ModelElement containments in matrix form. The rows are the non-abstract subtypeq of
Namegpace (i.e., possible containers) and the columns are the non-abstract subtypes of Model Elements (i.e., ppssible
contaihed elements). For each combination of container and contained, a“Y” says that containment)is legal arjd an “N”
says that it is not.
NOTE{{ The normative specification of the containments rulesisin the OCL rules
Table 7.4 summarizes the OCL containment rules..
Table 7.4 - The ModelElement Containment Matrix
g
ol o g & 2 3
Q. o = c w iL
) e =2 c c| o
N o 's| 5| Bl g 8| /%8| s| s| &8 S| E - 3
o 2l 5| & B > B 3 g5 = = T B T § | 5
8 £l & B E| 5| 8]%E| s 5 8 & 3 B ¥ § &
5 4 El 3| 5| 3| & BlEl 8 o0& % S % 5 5 2 2| g
c| O & & O 4| <| = & | o] i & < o] o E & £
Packdge Y |Y Y |Y |Y |Y |YTY N N N | Y N N [Y |[Y |Y N 1Y
Class| N Y [Y |Y [Y | WHY N [Y |[Y |Y |Y N N Y |Y N N 1Y
Primitive Type N N N N N N N N N N N N N N [Y N N N 1Y
Strucfure Type N N N N N N N N N N N N N N [ Y N N | Y Y
Collegtion Type N N N N N N N N N N N N N N [ Y N N N 1Y
Enumeration Type | N N N N N N N N N N N N N N [ Y N N N 1Y
Alias|Type N N N N N N N N N N N N N N [Y N N N 1Y
Structjure Field | N N N N N N N N N N N N N [Y N N N 1Y
Assogiation N N N N N N N N N N N N N |Y |Y N N N 1Y
Operdtion N N N N N N N N N N N N [ Y N [Y N N N 1Y
Excplr tion N N N I\ N I\ N I\ N I\ N I\ Y I\ N I\ N I\ Y

NOTE: Whilethe MOF Model allows Classes to contain Classes, the MOF to IDL mapping does not support this. Any
metamodel in which Classes are nested inside Classes must be considered as not technology neutral.
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7.4  MOF Model Classes
7.4.1 ModelElement (abstract)
Model Element classifies the elementary atomic constructs of models. ModelElement is the root Class within the MOF
Model
SupelClasses
None. [(While the CORBA IDL for Model Element inherits from Reflective::RefObject, this is not géneralization in the
MOF Model sense. Rather it is an artifact of the IDL mapping.)
Attributes
name
Provides a meta-modeler supplied name that uniquely identifies the Model Element in the context of the
Modél Element’s containing Namespace. When choosing a Model Element’s name, the meta-modeler should cpnsider
the rdles for translating names into identifiers in the relevant mappingsi(eg., 9.7.1, “Generated IDL ldentifigfs,” on
page[L98). To minimize portability problems, use names that start withan ASCII letter, and consist of ASCII |gtters and
digits, space and underscore. Avoid names where capitalization, spaces, or underscores are significant.
type: String
multiplicity: exactly one
qualifiedName
Provides a unique name for the Model Element-within the context of its outermost containing Package. The
qualifiedName is a list of String values consisting of the names of the Model Element, its container, its container’s
contgner, and so on until a non-contained element is reached. The first member of the list is the name of thg non-
contgned element.
type: String
multiplicity: one or more; ordered
changeable: no
derived from: [S-12] on page 130
annotation
ProvidesZan-informal Hmrripfinn of-the ModelElement
type: String
multiplicity: exactly one
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References

container

I dentifies the Namespace that contains the Model Element. Since the Contains Association is a Composite Association,
any ModelElement can have at most one container, and the containment graph is strictly tree shaped.

type: Namespace

defingd by: Contains::container
multiplicity: Zero or one

inver se: M odel Element::contents

requiredElements

I dent(fies the Model Elements on whose definition the definition of this Model Elément depends. For a definitjon of
dependency, see 7.5.9, “DependsOn (derived),” on page 93.

type: Model Element

defingd by: DependsOn::provider

multiplicity: Z€ero or more
consthaints

I dentifies the set of Constraints that apply to the ModelElement. A Constraint applies to all instances of the
ModelElement and its sub-Classes.

type: Constraint

multiplicity: Zere or more

inverse: Constraint::constrainedElements.

defingd by: Constrains::provider
Operations

findRgquiredElements

This pperationselects a subset of the Model Elements that this one depends on, based on their dependency caegories.
The “kinds argument gives the kinds of dependency of interest to the caller.

String CONStants for the Standard dependency Calegories are given in 7.8, "MOF Mode Constants,”on page 99 and their
meanings are defined in 7.5.9, “DependsOn (derived),” on page 93. In this context, the AllIDep pseudo-category (i.e.,
“all”) is equivalent to passing all of the standard categories, and the IndirectDep pseudo-category (i.e., “indirect”) is
ignored.

... continued
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findRequiredElements

If the “recursive” argument is “false,” the operation returns the direct dependents only. If it is “true,” all dependentsin
the transitive closure of DependsOn for the specified “kinds’ are returned.

return type: Model Element (multiplicity: zero or more; unordered, unique)
isQuery: yes
paraneters: kinds: in String (multiplicity: one or more; unordered; unique)

recursive: in Boolean

opergtion semantics [S-4] on page 125

isReqliiredBecause

This pperation performs two functions:

¢ |t ghecks whether this ModelElement directly or indirectly depends on the Model Element.given by “otherElement.” If if does, the
opegration’s result is “true;” otherwise, it is “false.”

* |If & dependency exists; that is, the result is “true,” the operation returns a String,in“reason” that categorizes the deperjdency.
String constants for the dependency kind categories are given in 7.8, “MOF NModel Constants,” on page 99 and their meganings are
defined in 7.5.9, “DependsOn (derived),” on page 93. If the dependency_iSindirect, IndirectDep is returned. If there are multiple
dependencies, any category that applies may be returned in “reason.” If.ne dependencies exist, an empty string is retufned in

“repson.”
return type: Boolean
isQU(Try: yes
parallneters: otherElement:"in Model Element
reason; out String
oper gtion semantics [S-5] 0N page 126
isFrozen

Repofts the freeze status of a ModelElement. A Model Element, at any particular time, is either frozen or not frozen. All
Modg! Elements of a published“model are permanently frozen.

return type: Boolean
isQuery: yes
isVisifjle

Returnstrue. This operation is reserved for future use when the MOF visibility rules have stabilized. Then it|will
determine whether the supplied otherElement is visible to this Model Element.

return type: Boolean

isQuery: yes

parameters: otherElement: in Model Element
operation semantics [S-3] on page 125
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Constraints
A ModelElement that is not a Package must have a container. [C-1]

The attribute values of a ModelElement that is frozen cannot be changed. [C-2] on page 105.

A frozen Model Element that is in a frozen Namespace can only be deleted, by deleting the Namespace. [C-3] on page
106.

The lipk sets that express dependencies of a frozen Element on other Elements cannot be explicitly changed. [[C-4] on
page 106.

IDL

interface ModelElementClass : Reflective::RefObject {

repdonly attribute ModelElementSet all_of_type_model_element;

canst string MUST_BE_CONTAINED_UNLESS_PACKAGE =
"org.omg.mof:constraint.model.model_element.must_be_contained_untess’ package";
canst string FROZEN_ATTRIBUTES_CANNOT_BE_CHANGED =
"org.omg.mof:constraint.model.model_element.frozen_attributes_cannhot_be_changed";
canst string FROZEN_ELEMENTS_CANNOT_BE_DELETED =
"org.omg.mof:constraint.model.model_element.frozen_elements) cannot_be_deleted";
canst string FROZEN_DEPENDENCIES_CANNOT_BE_CHANGED%*
"org.omg.mof:constraint.model.model_element.frozen_dependencies_cannot_be_changed";

canst DependencyKind CONTAINER_DEP = "container";

canst DependencyKind CONTENTS_DEP = "contents";

cdnst DependencyKind SIGNATURE_DEP = "signature";

canst DependencyKind CONSTRAINT_DEP = "constraint”;

canst DependencyKind CONSTRAINED_ELEMENTS_DEP = "constrained elements";

canst DependencyKind SPECIALIZATION_DER s "specialization";

cdnst DependencyKind IMPORT_DEP ="import";

canst DependencyKind TYPE_DEFINITION,DEP = "type definition";

canst DependencyKind REFERENCED_ENDS_DEP = "referenced ends";

cdnst DependencyKind TAGGED_ELEMENTS_DEP = "tagged elements";

canst DependencyKind INDIRECTADEP = "indirect";

canst DependencyKind ALL _DEP = "all";
}; Il enp of interface ModelElementClass

interface ModelElement ;. ModelElementClass {
wstring name ()
raises (Reflective:sMofError);
voild set_namef(in*wstring new_value)
hises (Reflective::MofError);
FimitiveTypes::WStringList qualified_name ()
hises (Reflective::MofError);
wslring annotation ()
rarses t(Reftective-MofError);
void set_annotation (in wstring new_value)
raises (Reflective::MofError);
ModelElementSet required_elements ()
raises (Reflective::MofError);
ModelElementSet find_required_elements (in ::PrimitiveTypes::WStringSet kinds, in boolean recursive)
raises (Reflective::MofError);
boolean is_required_because (in ModelElement other_element, out wstring reason)
raises (Reflective::MofError);
Namespace container ()

- %
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raises (Reflective::NotSet, Reflective::MofError);
void set_container (in Namespace new_value)
raises (Reflective::MofError);
void unset_container ()
raises (Reflective::MofError);
ConstraintSet constraints ()

raises (Reflective::MofError):

v(dg

v(dg

bg

=

bg

—

h
7.4.2

rpises (Reflective::MofError);

void add_constraints (in Constraint new_element)

rpises (Reflective::MofError);

vold modify_constraints (in Constraint old_element, in Constraint new_element)
raises (Reflective::MofError);

raises (Reflective::NotFound, Reflective::MofError);

id set_constraints (in ConstraintSet new_value)

id remove_constraints (in Constraint old_element)

olean is_frozen ()

hises (Reflective::MofError);

olean is_visible (in ModelElement other_element)
hises (Reflective::MofError);

Namespace (abst

ract)

The Npmespace Class classifies and characterizes Model Elements that can contain other Model Elements. Along with

containing the Model Elements, a Namespace defines a namespace, the allowable set of names, and the naming
for thgse elements.

Subclgsses of the Namespace Class have mechanisms-for effectively extending their namespace, without actug

ronstraints

Iy

containing additional Model Elements. Thus Namespace can be viewed in terms of its two roles, as a containel| and as a

namespace mechanism. Because only subclassesextend the namespace, the namespace and contents are coinci
on of the Namespace Class. Each Namespace has four collections (the latter three derivable) that are uged in the

definit
MOF

3

3

The dé

Model's Constraints. These collections’are:
The contents (also called the direct contents), which are defined by the contents reference.

All contents, the transitive closure on the contents reference.

through generaljzation and importation.
The extended.contents (the transitive closure on the contents reference applied to the extended namespace)

bfi nitions-of"these collections may be found in 7.9.6, “OCL Helper functions,” on page 131.

Supel

lent in the

The extended namespagee (the contents plus elementsincluded by extension), which Namespace subclasses accomplish

Classes

M odel Element

References
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contents

I dentifies the set of Model Elements that a Namespace contains.

class: Model Element

defined by: Contains::containedElement

multiplicity: zero or more; ordered

inverge: M odel Element::container
Operations

lookugElement

Seardhes for an element contained by this Namespace whose name is precisely equal(as a wide string) to the supplied
namd The operation either returns a ModelElement that satisfies the above, or raises the NameNotFound exdeption.
returm type: M odel Element

isQuery: yes

parameters: name : in String

exceqtions: NameNotFound

opergtion semantics:

[S-6] on ‘page 127

resolveQualifiedName

Seardhes for a Model Element contained within.this Namespace that is identified by the supplied qualifiedName. The
qualifiedName is interpreted as a “path” starting from this Namespace.

returm type: ModelElement (exactly one). If no element is found, an ex¢eption is
raised.

isQuery: yes

parameters: qgualifiedName : in String (multiplicity one or more; ordered; not
unique)

exceqtions: NameNotResolved

opergtion semantics:

[S-7] on page 128

46
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ementsByType

Returns a list of the M odel Elements contained by this Namespace that match the Class supplied. If ‘includeSubtypes
is false, this operation returns only those elements whose most-derived Class is ‘of Type.” If ‘includeSubtypes’ is true,
the operation also returns instances of subtypes of ‘of Type.” The order of the elements in the returned list is the same
as their_arder in the Namespace

For example, “findElementsBy Type(Model Element, false)” always returns an empty list, since Model Element is an
abstract Class. On the other hand, “findElementsBy Type(M odel Element, true)” always returns the contents of the
Namespace, since all their Classes are subtypes of Model Element.
returm type: Model Element (multiplicity zero or more; ordered; thique)
isQuery: yes
paranneters: of Type : in Class
includeSubtypes : in Boolean
opergtion semantics: [S-9] on page 129.
namelsValid
Deteqmines whether the proposedName can be used as the name*for'a new member Model Element in this Namespace.
Speciffically, it checks that the Namespace uniqueness rules would still be satisfied after adding such a name,
returm type: Boolean
isQuery: yes
pararneters: proposedName : in String
opereltion semantics: [S-8] on page 128.
Consfraints

The names of the contents of a Namespace must not collide. [C-5] on page 107.

IDL

interface NamespaceClass’: ModelElementClass {
reaflonly attributé NamespaceSet all_of_type_namespace;

co

b

"@rg.omg.mof:constraint.model.namespace.content_names_must_not_collide";
exception-NameNotFound {
wstring‘name;

rlst string CONTENT_NAMES_MUST_NOT_COLLIDE =

exception NameNotResolved {
wstring explanation;

}.

:PrimitiveTypes::WStringList rest_of_name;

}; /Il end of interface NamespaceClass

inte
M

rface Namespace : NamespaceClass, ModelElement {
odelElementUList contents ()
raises (Reflective::MofError);
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\Y

\

oid set_contents (in ModelElementUList new_value)
raises (Reflective::MofError);

oid add_contents (in ModelElement new_element)
raises (Reflective::MofError);

void add_contents_before (in ModelElement new_element, in ModelElement before_element)

r
\'%

—

void remove_contents (in ModelElement old_element)

M

M

M

boplean name_is_valid (in wstring proposed_name)

aises (Reflective::NotFound, Reflective::MofError);
id modify contents (in ModelElement old element, in ModelElement new element)

dises (Reflective::NotFound, Reflective::MofError);

hises (Reflective::NotFound, Reflective::MofError);

=

odelElement lookup_element (in wstring name)

hises (NamespaceClass::NameNotFound, Reflective::MofError);

odelElement resolve_qualified_name (in ::PrimitiveTypes::WStringList qualified_name)
hises (NamespaceClass::NameNotResolved, Reflective::MofError);

odelElementUList find_elements_by_type (in Class of_type, in boolean includesubtypes)
hises (Reflective::MofError);

=

=

=

=

hises (Reflective::MofError);

I3
7.4.3| GeneralizableElement (abstfact)
The GeneralizableElement Class classifies and characterizes ModelElements that can be generalized through slipertyping

and specialized through subtyping. A GeneralizableElement inhierits the features of each of its supertypes, the 1
the supertypes of the immediate supertypes, and so on. In_ether words, all the features of the transitive closurg
supertypes of the GeneralizableElement.

When ja GeneralizableElement inherits a feature, that’feature name effectively becomes part of the namespace
GenerI:izabI eElement and the feature is considéred part of the extended namespace of the Namespace. Theref
Gener

featurgs - see Constraint [C-8] on page 108:

To the|
substitutability. Any instance of a GeneralizableElement can be supplied wherever an instance of a superclass
GenerdlizableElement is expected:

SupelClasses

Namegpace

Attributes

isRoof

izableElement cannot have a superclassif it causes an inherited feature to have a namespace collision w

eatures of
of al the

for the
Dre, a
thitsown

degree that a GeneralizableElement is defined by its features, the superclass / subclass association defimes

of that

Specifies whether the GeneralizableElement may have supertypes. True indicates that it may not have supertypes, false
indicates that it may have supertypes (whether or not it actually has any).

type: Boolean
multiplicity: exactly one
48 © ISO/IEC 2005 - All rights reserved
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Specifies whether the GeneralizableElement may be a supertype of another Generalizable Element. True indicates that
it may not be a supertype, false indicates that it may be a supertype (whether or not it actually is).

type: Boolean
multiplicity: exactly one
isAbsfract

Indicptes whether the GeneralizableElement is expected to have instances. When isAbstract istrae, any instan
repregented or classified by this GeneralizableElement is additionally an instance of some specialization of this

ce that is

GeneyalizableElement. No operation that supports creation of instances of this GeneralizableElement should be
avail@ble.
type: Boolean
multiplicity: exactly one
visibil|ty
In the future, this Attribute will be used to limit the ability of Madél Elements outside of this GeneralizableElement’s

ents are

contgner to depend on it; see 7.6.3, “VisibilityKind,” on page'@7. The rules of visibility of MOF ModelElen
not cprrently specified.
type: VisibilityKind
multiplicity: exactly one
Refergnces
supertypes
Ident|{fies the set of superclasses.for a GeneralizableElement. Note that a GeneralizableElement does not have a
reference to its subclasses.
class| GeneralizableElement
defingd by: Generalizes::supertype
multiplicity: zero or more; ordered
Opergtions
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allSupertypes

Returns a list of direct and indirect supertypes of this GeneralizableElement. A direct supertypeis a
GeneralizableElement that directly generalizes this one. An indirect supertype is defined (recursively) as a supertype of
some other direct or indirect supertype of the GeneralizableElement. The order of the list elements is determined by a
depthl-firqt traversal of the supertypes with duplir‘atp elements remaved

retur||1 type: GeneralizableElement (multiplicity zero or more, ordered, unique)
isQugry: yes

pararneters: none

opergtion semantics: [S-1] on page 125.

lookugElementExtended

Retunns an element whose name matches the supplied “name.” Like the “lookupElement” operation on Namespace, this
opergtion searches the contents of the GeneralizableElement. In addition, it tries to match the name in the coptents of
all ditect and indirect supertypes of the GeneralizableElement. For Packages, a subclass of GeneralizableElerment, the
opergtion can also match a Namespace associated with an Import objectsNameNotFound is raised if no element
matcipes the name.

retur||1 type: Model Element (multiplicity exactly one)
isQuery: yes

pararmeters: name : in wstring

excegtions NameNotFaund

opergtion semantics: [S-10] errpage 129

findElgmentsByTypeExtended

Provigdes an extension of the findElementsByType defined for Namespace so that contained elements of all superclasses
(diregt and indirect) of the GeneralizableElement are included in the search. The order of the returned elements is
determined by the order ofcthe’elements contained in the GeneralizableElements and a depth-first traversal of the
superflasses.

Subcliasses can include a larger overall areafor the lookup. Package, a subclass of GeneralizableElement, also fonsiders
the ellements breught into this Namespace through the use of Import.

retur||1 type: Model Element (multiplicity zero or more; ordered; unique)
isQuerV: yes
parameters:; of Type : in Class

includeSubtypes : in Boolean

operation semantics: [S-11] on page 130.
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Constraints

A Gen

eralizable Element cannot be its own direct or indirect supertype. [C-6] on page 107.

A supertypes of a GeneralizableElement must be of the same kind as the GeneralizableElement itself. [C-7] on page 107.

The names of the contents of a GeneralizableElement should not collide with the names of the contents of any direct or

indireg
Multig
If aG¢
A Gen
A Gen

IDL

interfq
read
all_o
cong
"0l
cong
"0l
cong
"0
“.q
cong
"0l
cong
"0
cong
"0
cong
"0l

}; 1 en

interfa
bo

1
Vo
r
bo

tsupertype €8 ompage 108:
le inheritance must obey the “Diamond Rule.” [C-9] on page 108.

eralizableElement’s immediate supertypes must all be visible to it. [C-11] on page 109,

ce GeneralizableElementClass : NamespaceClass {

bnly attribute GeneralizableElementUList

f_type_generalizable_element;

t string SUPERTYPE_MUST_NOT_BE_SELF =
g.omg.mof:constraint.model.generalizable_element.supertype_must_not_be_self";

t string SUPERTYPE_KIND_MUST_BE_SAME =
g.omg.mof:constraint.model.generalizable_element.supertype_kind_must_be_same";
t string CONTENTS_MUST_NOT_COLLIDE_WITH_SUPERTYPES
g.omg.mof:constraint.model.generalizable_element”
ontents_must_not_collide_with_supertypes";

t string DIAMOND_RULE_MUST_BE_OBEYED =
g.omg.mof:constraint.model.generalizablé& element.diamond_rule_must_be_obeyed";
t string NO_SUPERTYPES_ALLOWED_FOR_ROOT =
g.omg.mof:constraint.model.generalizable_element.no_supertypes_allowed_for_root";
t string SUPERTYPES_MUST_BE_WISIBLE =
g.omg.mof:constraint.model.géneralizable_element.supertypes_must_be_visible";

t string NO_SUBTYPES_ALLOWED_FOR_LEAF =
g.omg.mof:constraint.model:generalizable_element.no_subtypes_allowed_for_leaf";

d of interface GeneralizableElementClass

ce Generalizabl€Elément : GeneralizableElementClass, Namespace {
blean is_root ()

aises (Reflective::MofError);

d set_is_root (in boolean new_value)

hises (Reflective::MofError);

blean.is_leaf ()

r

hises (Reflective::MofError);

bneralizable Element is marked as a “root,” it cannot have any supertypes. [C-10] on page 108!

eralizableElement cannot inherit from a GeneralizableElement defined as a “leaf.”, [C312] on page 109.

voi

d set_is_leaf (in boolean new_value)

raises (Reflective::MofError);
boolean is_abstract ()
raises (Reflective::MofError);

voi

d set_is_abstract (in boolean new_value)

raises (Reflective::MofError);
VisibilityKind visibility ()
raises (Reflective::MofError);

voi

d set_visibility (in VisibilityKind new_value)
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raises (Reflective::MofError);
GeneralizableElementUList supertypes ()
raises (Reflective::MofError);
void set_supertypes (in GeneralizableElementUList new_value)
raises (Reflective::MofError);
void add_supertypes (in GeneralizableElement new_element)
raises (Reflective::MofError):
voild add_supertypes_before (in GeneralizableElement new_element,
in GeneralizableElement before_element)
hises (Reflective::NotFound, Reflective::MofError);
vdid modify_supertypes (in GeneralizableElement old_element,
in GeneralizableElement new_element)
hises (Reflective::NotFound, Reflective::MofError);
void remove_supertypes (in GeneralizableElement old_element)
rgises (Reflective::NotFound, Reflective::MofError);
GeneralizableElementSet all_supertypes ()
hises (Reflective::MofError);
ModelElement lookup_element_extended (in wstring name)
hises (NameNotFound, Reflective::MofError);
ModelElementUList find_elements_by_type_extended (in Class of_type,‘in boolean include_subtypes)
hises (Reflective::MofError);

=

=

=

=

=

h
7.4.4| TypedElement (abstract)
The TypedElement type is an abstraction of Model Elementsthat require atype as part of their definition. A TypedElement

does npt itself define a type, but is associated with a Classifier. The relationship between TypedElements and lassifiers
is shown in Figure 7.3 on page 53.

SupelClasses
M odel Element

Refergnces

type
Provides the representation of the type supporting the TypedElement through this reference.
class Classifier
defingd by: I SOfType::type
multiplicity: exactly one
Constraints

An Association cannot be the type of a TypedElement. [C-13] on page 109.
A TypedElement can only have a type that is visible to it. [C-14] on page 110.
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Generalizable Typed
Element +typedElement Element
Zﬁ 0..”
Is Of Type
Classifier P
1
/\
Class Association Data Type
1sSingleton: Boolean hsDerived: Boolean

Figurg 7.3 - MOF Model Classifiers

IDL

interface TypedElementClass : ModelElementClass {
/I get all typed_element including.subtypes of typed_element
regdonly attribute TypedElementSet all_of _type_typed_element;
const string ASSOCIATIONS(CANNOT_BE_TYPES =
"org.omg.mof:constraintimodel.typed_element.associations_cannot_be_types";
const string TYPE_MUSTHBE_VISIBLE =
"org.omg.mof:consttaint.model.typed_element.type_must_be_visible";

}; // end of interface TypedElementClass

interface TypedElement : TypedElementClass, ModelElement {
Classifier type’()

raises (Reflective::MofError);

vold set\type (in Classifier new_value)

raises (Reflective::MofError):

h
7.45 Classifier

A classifier provides a classification of instances through a set of Features it contains.

© ISO/IEC 2005 - All rights reserved
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Super

Classes

GeneralizableElement

IDL

interface ClassifierClass : GeneralizableElementClass {

reg

}; Il enp of interface ClassifierClass

interfaice Classifier : ClassifierClass, GeneralizableElement { };

7.4.6

A Clags defines a classification over a set of object instances by defining the state and behavior they exhibit. ]
represgnted through operations, attributes, references, participation in associations, censtants, and constraints.

concey
class g

specifiled independently of any code to store and manage the attributes value. The implementation simply must

donly attribute ClassifierSet all_of_type_classifier;

Class

ts are used in other environments for representing Classes and their implementations. However, in the |
haracteristics are modeled in an implementation-independent manner. For instance, an attribute of a Clg

[hisis
Similar
|OF the
S iS
nsure that

its behavior conforms to behavior specified by the chosen technology mapping. The MOF Class construct is npore than

just an

Supet

Classifier

Contg

Class,
page 1

Attrib

isSing

interface specification.

Classes

ined Elements

DataType subtypes, Attribute, Reference, Operation, Exception, Constraint, Constant, Tag; see constraint
10.

Lites

eton

[C-15] on

Wher

isSingleton is true, at-mest one M1 level instance of this Class may exist within the M1-level extent of

the Class.

type:

Boolean

multi

plicity: exactly one

Constf

A Clag
and T4

raints

s may ‘contain only Classes, DataTypes, Attributes, References, Operations, Exceptions, Constants, Con|

Straints,

s—{C-15] on page 110

A Class that is marked as abstract cannot also be marked as singleton. [C-16] on page 110.

IDL

interfa

ce ClassClass : ClassifierClass {

readonly attribute ClassSet all_of_type_class;
readonly attribute ClassSet all_of_class_class;
const string CLASS_CONTAINMENT_RULES =

54
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"org.omg.mof:constraint.model.class.class_containment_rules";
const string ABSTRACT_CLASSES_CANNOT_BE_SINGLETON =
"org.omg.mof:constraint.model.class.abstract_classes_cannot_be_singleton";

Class create_class (

/* from ModelElement */ in wstring name,

/* from ModelElement */ in wstring annotation

/* from GeneralizableElement */ in boolean is_root,

/* from GeneralizableElement */ in boolean is_leaf,

/* from GeneralizableElement */ in boolean is_abstract,

/* from GeneralizableElement */ in ::Model::VisibilityKind visibility,
/* from Class */ in boolean is_singleton)

raises (Reflective::MofError);
}; 11 eng of interface ClassClass

interface Class : ClassClass, Classifier {
boplean is_singleton ()

raises (Reflective::MofError);

vold set_is_singleton (in boolean new_value)

raises (Reflective::MofError);

7.4.7| DataType

(abst

ract)

DataType is the superclass of the classes that represent MOF: data types and data type constructors as described in 8.2,

“MOF Values,” on page 139. The DataType class, its subclasses and related classes are depicted in
Figureg 7.4.

+type +typedElement

Classifier Typed Element
0..* I's Of Type 1 4&

T l
Data Type Structure Field
Primitive Structure Enumeration Type Alias Collection Type
Type Type labels: ordered set Type multiplicity :
of String MultiplicitvType

Figure 7.4 - MOF Data Type Elements

SuperClasses
Classifier
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Contained Elements
StructureField (for a StructureType only), Constraint, Tag. See DataTypeContainmentRules [C-17] on page 111.

Attributes
none

Consfraints
Inherirnce/ generalization is not applicable to DataTypes. [C-19] on page 111.

A DataType cannot be abstract. [C-20] on page 111.

IDL

interfajce DataTypeClass : ClassifierClass {

repdonly attribute DataTypeSet all_of_type_data_type;

canst string DATA_TYPE_CONTAINMENT_RULES =
"org.omg.mof:constraint.model.data_type.data_type_containment_rules";
canst string DATA_TYPES_HAVE_NO_SUPERTYPES =
"org.omg.mof:constraint.model.data_type.data_types_have_no,supertypes"”;
canst string DATA_TYPES_CANNOT_BE_ABSTRACT =
"org.omg.mof:constraint.model.data_type.data_types_cannot_be_abstract”;

}; Il enf of interface DataTypeClass

interface DataType : DataTypeClass, Classifier {
k

7.4.8( PrimitiveType

Instanges of the PrimitiveType class are used’'to represent primitive data types in a meta-model. The MOF haga small
numbgr of built-in primitive data types'that may be freely used in any meta-model. These types are defined ag instances
of PrinitiveType that are contained(by the standard “ PrimitiveTypes’ package. Refer to 7.10, “The PrimitiveTypes
Package,” on page 134 for details\of the PrimitiveTypes package, and to 8.2, “MOF Values,” on page 139 for mpre details
on dat@ type semantics.

The M|OF built-in primitive data types map to different concrete data types in the context of each technology mapping.
Each technology mapping is expected to support all of the standard built-in primitive data types.

NOTE:| A metasmodel may contain PrimitiveType instances other than those defined in the “PrimitiveTypes’ packpge. These
instandes denete technology specific, vendor specific or user defined primitive data types. They should not be used in
techno|ogy ‘neutral meta-models.

SuperClasses
DataType

Contained Elements
Constraint, Tag; see DataTypeContainmentRules [C-17] on page 111.

56 © ISO/IEC 2005 - All rights reserved


https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

IDL

interface PrimitiveTypeClass : DataTypeClass {
readonly attribute PrimitiveTypeSet all_of_type_primitive_type;
readonly attribute PrimitiveTypeSet all_of_class_primitive_type;
DataType create_primitive_type (

/* from ModelElement */ in wstring name,

/* from ModelElement */ in wstring annotation,

/* from GeneralizableElement */ in boolean is_root,

/* from GeneralizableElement */ in boolean is_leaf,

/* from GeneralizableElement */ in boolean is_abstract,

/* from GeneralizableElement */ in ::Model::VisibilityKind visibility)

raises (Reflective::MofError);

}; 11 end of interface PrimitiveTypeClass

interface PrimitiveType : PrimitiveTypeClass, DataType {
k

7.4.9| CollectionType

The CollectionType class is a type constructor for MOF collection types./A collection type is a data type whose|values are
finite ¢ollections of instances of some base type. The base type for a collection data type is given by the CollgctionType
instange’s ‘type’ value. The ‘multiplicity’ Attribute gives the collection type’s lower and upper bounds, and it$
orderefiness and unigqueness properties.

SupelClasses
DataType, TypedElement

Contdined Elements

Constrgint, Tag; see DataTypeContainmentRules [C-17] on page 111.

Attributes

multipficity

The multiplicity attribute'of a CollectionType specifies upper and lower bounds on the size of a collection, and gives
the *isOrdered’ and4isUnique’ flags that subclassify collections into ‘bags,’ ‘sets,” ‘lists,” and ‘ordered sets.’

type: MultiplicityType
multiplicitys exactly one
IDL

interface CollectionTypeClass : DataTypeClass, TypedElementClass {

readonly attribute CollectionTypeSet all_of_type_collection_type;
readonly attribute CollectionTypeSet all_of_class_collection_type;
DataType create_collection_type (

/* from ModelElement */ in wstring name,

/* from ModelElement */ in wstring annotation,

/* from GeneralizableElement */ in boolean is_root,

/* from GeneralizableElement */ in boolean is_leaf,
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r

/* from GeneralizableElement */ in boolean is_abstract,

/* from GeneralizableElement */ in ::Model::VisibilityKind visibility,

/* from CollectionType */ in ::Model::MultiplicityType multiplicity)
aises (Reflective::MofError);

}; I end of interface CollectionTypeClass
interface CollectionType : CollectionTypeClass, DataType, TypedElement {

M
r

voidl set_multiplicity(in ::Model::Multiplicity Type multiplicity)

r
}; len

7.4.10 EnumerationType

The EnumerationType class is a type constructor for MOF enumeration types. An enumeération type is a data ty
values|are the elements of a finite set of enumerators. The enumeration type is specified'by defining an orderg
enumerator labels.

SupelClasses
DataType

Contgined Elements
Constrint, Tag; see DataTypeContainmentRules [C-17] on page 111.

del:-MultiplicityType multiplicity()

hises (Reflective::MofError);

hises (Reflective::MofError);
( of interface CollectionType

pe whose
d set of

Attributes
labels
The |pbels attribute of an EnumerationType gives the names of the enumerators for the type. The label elemgnts must
be urfique within the collection, and their.order in the collection is significant.
type: String
multiplicity: one or more, ordered, unique
IDL

interface EnumerationTypeClass : DataTypeClass {
regdonly attributé EnumerationTypeSet all_of _type_enumeration_type;
regdonly attribute EnumerationTypeSet all_of_class_enumeration_type;

Dal

aTypecreate_enumeration_type (
/¥ from ModelElement */ in wstring name,
f=from ModelElement */ in wstring annotation,

/* from GeneralizableElement */ in boolean is_root,

/* from GeneralizableElement */ in boolean is_leaf,

/* from GeneralizableElement */ in boolean is_abstract,

/* from GeneralizableElement */ in ::Model::VisibilityKind visibility,
/* from EnumerationType */in ::PrimitiveTypes::WStringUList labels)

raises (Reflective::MofError);
}; I end of interface EnumerationTypeClass

interface EnumerationType : EnumerationTypeClass, DataType {

58
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::PrimitiveTypes::WStringUList labels()

raises (Reflective::MofError);

void set_labels(in ::PrimitiveTypes::WStringUList labels)

raises (Reflective::MofError);
}; Il end of interface EnumerationType

7.4.1}—AHasHype

ISO/IEC 19502:2005(E)

The AliasType class is a type constructor for MOF alias types. An alias type is a subtype of some other MOF clpss or data
type, given by the ‘type’ value of the AliasType instance; i.e., a subset of the values of the type given by its ‘fype.’ This
subset|is typically specified by attaching a Constraint to the AliasType instance. An alias type may_convey a different

“meanjng” to that of its base type.

SupelClasses
DataType, TypedElement

Contgined Elements

Constrgint, Tag; see DataTypeContainmentRules [C-17] on page 111.

IDL

interface AliasTypeClass : DataTypeClass, TypedElementClass {
regdonly attribute AliasTypeSet all_of _type_alias_type;
regdonly attribute AliasTypeSet all_of _class_alias_type;

DataType create_alias_type (
/* from ModelElement */
/* from ModelElement */
/* from GeneralizableElement */
/* from GeneralizableElement */
/* from GeneralizableElement */
/* from GeneralizableElement %/
hises (Reflective::MofError);

—

}; 11 end of interface AliasType€lass

I3

7.4.12 StructureType

in wstring name,

in wstring annotation,

in begtean is_root,

imboolean is_leaf,

in’boolean is_abstract,

in ::Model::VisibilityKind visibility)

interface AliasType : AliasTypeClass, DataType, TypedElement {

The StructareType class is a type constructor for MOF structure data types. A structure type is atuple type (i.g., a
cartesipn-product) consisting of one or more fields. The fields are defined by StructureField instances containgd by the

StructureType 1nstance.

SuperClasses
DataType

Contained Elements

StructureField, Constraint, Tag; see DataTypeContainmentRules [C-17] on page 111.
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Constraints
A StructureType must contain at least one StructureField. [C-59] on page 124.

IDL

interface StructureTypeClass : DataTypeClass {
repdonly attribute StructureTypeSet all_of_type_structure_type;
repdonly attribute StructureTypeSet all_of_class_structure_type;
canst string MUST_HAVE_FIELDS =

"org.omg.mof:constraint.model.structure_type.must_have_fields";

DataType create_structure_type (

/* from ModelElement */ in wstring name,

/* from ModelElement */ in wstring annotation,

/* from GeneralizableElement */ in boolean is_root,

/* from GeneralizableElement */ in boolean is_leaf,

/* from GeneralizableElement */ in boolean is_abstract,

/* from GeneralizableElement */ in ::Model::VisibilityKind visibility)

raises (Reflective::MofError);

}; Il enp of interface StructureTypeClass

interfalce StructureType : StructureTypeClass, DataType { };
7.4.13 StructureField

The StructureField class is used to specify the fields of a StruetureType instance.

SupelClasses

TypedElement

Contgined Elements
Constrint, Tag; see StructureFieldContainmentRules [C-58] on page 124.

IDL

interfaice StructureFieldClass): TypedElementClass {
repdonly attribute StructureFieldSet all_of_type_structure_field;
repdonly attributeStructureFieldSet all_of_class_structure_field;
cgnst string STRUCTURE_FIELD_CONTAINMENT_RULES =
"org.omgymof:constraint.modelstructure_field.structure_field_containment_rule";
Structurekield create_structure_field (
/*from ModelElement */ in wstring name,
/* from ModelElement */ in wstring annotation)
Fa'sgs ‘Rg_f ggti”g:-pqgfgrrnr);

}; Il end of interface StructureFieldClass

interface StructureField : StructureFieldClass, TypedElement { );
7.4.14 Feature (abstract)

A Feature defines a characteristic of the ModelElement that contains it. Specifically, Classifiers are defined largely by a
composition of Features. The Feature Class and its sub-Classes are illustrated in Figure 7.5.
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Model Element
| I |
Namespace Feature Typed Element

scope : ScopeKind
visibility :
VisibilityKind

ﬁk |

Behavioral Feature Sructural Feature
multiplicity :
MultiplicityType
isChangeable :
Boolean
Operation Exception ZF
1sQuery :
Boolean .
Attribute Reference
N i 0.* 0..x +except . .
operation - isDerived :
Ordered Boolean

CanRaise

Figurg 7.5 - Feature Classes. of the MOF Model

SupefClasses
Model Element

Attribrjtes
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scope

The scope defines whether a Feature supports the definition of instances of the Classifier owning the Feature or of the
Classifier as a whole. When scope is instancel evel, the Feature is accessed through instances of the Feature’s owning
Classifier; when scope is classifier, the Feature is accessed through the Classifier itself (or through its instances). For
StructuralEeatures_a scope of instancel evel indicates that a valiie rpprpqpntpd by the Structural Featiire is asspciated
with each instance of the Classifier; a scope of classifierLevel indicates that the Structural Feature value is shargd by the
Clasgfier and all its instances.

type: ScopeKind
multiplicity: exactly one
visibillty

In the future, this Attribute will be used to limit the ability of Model Elements outside of this Feature’s contajner to
make use of it; see 7.6.3, “VisibilityKind,” on page 97. The rules of visibility of MOF Model Elements are not |currently
specified.

type: VisibilityKind
multiplicity: exactly one
IDL

interfalce FeatureClass : ModelElementClass {
regdonly attribute FeatureSet all_of _type_feature;
}; I enfd of interface FeatureClass

interfalce Feature : FeatureClass, ModelElement{
ScoppeKind scope ()

faises (Reflective::MofError);

voild set_scope (in ScopeKind newiwalue)

raises (Reflective::MofError);

gibilityKind visibility ()

faises (Reflective::MofError);

void set_visibility (in VisibjtityKind new_value)

hises (Reflective::MofError);

Vi

=

h
7.4.1% StructuralFeature (abstract)

A Structurél Feature defines a static characteristic of the ModelElement that contains it. The attributes and referjences of a
Class (lefine structural properties, which provide for the representation of the state of its instances.

SuperClasses
Feature, TypedElement

Attributes
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multiplicity

Multiplicity defines constraints on the collection of instances or values that a Structural Feature can hold. Multiplicity
defines a lower and upper bound to the cardinality of the collection, although the upper bound can be specified as

Unbounded. Additionally multiplicity defines two other characteristics of the collection: 1) a constraint on collection
memher nrdpring and ?) a constraint on collection member uniqn leness

Specifically, Multiplicity contains an isOrdered field. When isOrdered is true, then the ordering of the @emefts in the
set afje preserved. Typically, a mechanism is provided for adding elements to the collection positiopally. Mulfiplicity
also has an isUnique field. When isUnique is true, then the collection is constrained to hold no,more than ong of any
valug or instance.

type: MultiplicityType

multiplicity: exactly one

isChamgeable

The isChangeabl e attribute places restrictions on the use of certain operations, which could change the set of values or
instznt‘ces of the Structural Feature, and on the operations that will get{generated in IDL or other language gerjeration.

For any elaboration, no means are automatically created that provides.a means of atering the attribute value. When IDL
is gemerated, for instance, the operations, that are normally generated for changing the Structural Feature will [not be

generjated. However, isChangeable does not actually constrainithe Structural Feature to make it immutable. Ay
opergtions explicitly defined in a model may change the Structural Feature values or instances (assuming the pperation
would have otherwise been able to do so).

type: Boolean
multiplicity: exactly-one
IDL

interface StructuralFeatureClass : FeatureClass, TypedElementClass {
repdonly attribute StructuralEeatureSet all_of_type_structural_feature;
}; /1 end of interface StructufalFeatureClass

interface StructuralFedture : StructuralFeatureClass, Feature, TypedElement {
Multiplicity Type multiplicity ()

flaises (Reflective::MofError);

vold set multiplicity (in MultiplicityType new_value)

flaises (Reflective::MofError),

boplean is~changeable ()

faises (Reflective::MofError);

voild-seét is changeable (in hoolean new value)
=4 \ 7

raises_(Rgerctive::MofError);

h
7.4.16 Attribute (idl_substitute_name “MofAttribute”)

An Attribute (referred to as a MofAttribute in the mapped IDL) defines a Structural Feature that contains values for
Classifiers or their instances.
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Super

Classes

Structural Feature

Conta

None (

ined Elements
not a Namespace)

Attributes

isDeri

ed

A de:ILved attribute is one whose values are not part of the state of the object instance, but whaese values can jbe
determined or computed. In a sense, al attributes are derived, since it is up to the class' simplementation to hold or
calculate the values. However, by convention, isDerived indicates that the derived stateis based on other information in
the njodel. Modification of the derived Attribute causes the information upon which the Attribute is derived {o be
updatied.
type: Boolean
multiplicity: exactly one
IDL
interface MofAttributeClass : StructuralFeatureClass {
regdonly attribute MofAttributeSet all_of_type_mof_attribute;
regdonly attribute MofAttributeSet all_of_class_mof-attribute;
MofAttribute create_mof_attribute (
/* from ModelElement */ in wstring name,
/* from ModelElement */ in-wstring annotation,
/* from Feature */ iny~Model::ScopeKind scope,
/* from Feature */ in ::Model::VisibilityKind visibility,
/* from StructuralFeature */ in ::Model::MultiplicityType multiplicity,
/* from StructuralFeature */ in boolean is_changeable,
/* from MofAttribute */ in boolean is_derived)

r
Y14

inter

bo
1
VoI

=

hises (Reflective::MofEtror);
nd of interface MofAttfibuteClass

face MofAttribufe 7 MofAttributeClass, StructuralFeature {
blean is_derivéd ()

aises (Reflective::MofError);

d set_is~derived (in boolean new_value)

hises (Reflective::MofError);

b

7.4.17 Reference

A Reference defines a Classifier’s knowledge of, and access to, links and their instances defined by an Association.
Although a Reference derives much of its state from a corresponding AssociationEnd, it provides additional information;
therefore, the MOF cannot adequately represent some meta-models without this mechanism. The inherited attributes
defined in Structural Feature (multiplicity and is_changeable) are constrained to match the values of its corresponding
AssociationEnd. However, it has its own visibility, name, and annotation defined. For further discussion on Reference, its
purpose, and how it derives its attributes, see 7.2.2, “Associations,” on page 34.
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NOTE: When creating a Reference, values for the inherited attributes of multiplicity and is_changeable must be supplied.
These must be the same as the corresponding attributes on the A ssociationEnd to which the Reference will subsequently be

linked.

SuperClasses

StructyralEeature.

Refergnces
exposgpdEnd
The gxposedEnd of a Reference is the AssociationEnd representing the end of the Reference’s\owning Classifier within
the defining Association.
class AssociationEnd
defingd by: Exposes::exposedEnd
multiplicity: exactly one
changeable: yes

referencedEnd

The referencedEnd of a Reference is the end representing the'set of LinkEnds of principle interest to the Reference.
The Reference provides access to the instances of that A'ssociationEnd's class, which are participants in that
AssogiationEnd’s Association, connected through that\AssociationEnd’s LinkEnds. In addition, the Referencq derives
the mgjority of its state information - multiplicity; ‘etc., from that Reference.

class AssociationEnd
defingd by: RefersTo::referencedEnd
multiplicity: exactly one
changeable: yes
Consftraints

The multiplicity for aReference must be the same as the multiplicity for the referenced AssociationEnd. [C-21] on page
112.

Classifier scoped References are not meaningful in the current M1 level computational model. [C-22] on page 112.

A Reference can be changeable only if the referenced AssociationEnd is also changeable. [C-23] on page 112

The type attribute of a Reference and its referenced AssociationEnd must be the same. [C-24] on page 113.
A Reference is only allowed for a navigable AssociationEnd. [C-25] on page 113.

The containing Class for a Reference must be equal to or a subtype of the type of the Reference’s exposed
AssaciationEnd. [C-26] on page 113.

The referenced AssociationEnd for a Reference must be visible from the Reference. [C-27] on page 114.
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IDL

interface ReferenceClass : StructuralFeatureClass {
readonly attribute ReferenceSet all_of_type_reference;
readonly attribute ReferenceSet all_of _class_reference;
const string REFERENCE_MULTIPLICITY_MUST_MATCH_END =
"org.omg.mof:.constraint.model.reference.reference multiplicity must match end";
conmst string REFERENCE_MUST_BE_INSTANCE_SCOPED =
"ofFg.omg.mof:constraint.model.reference.reference_must_be_instance_scoped";
const string CHANGEABLE_REFERENCE_MUST_HAVE_CHANGEABLE_END =
"ofrg.omg.mof:constraint.model.reference.changeable_reference_must_have_changeable_end!"
conmst string REFERENCE_TYPE_MUST_MATCH_END_TYPE =
"ofg.omg.mof:constraint.model.reference.reference_type_must_match_end_type";
conmst string REFERENCED_END_MUST_BE_NAVIGABLE =
"ofFg.omg.mof:constraint.model.reference.referenced_end_must_be_navigable";
conmst string CONTAINER_MUST_MATCH_EXPOSED_TYPE =
"ofg.omg.mof:constraint.model.reference.container_must_match_exposed_type",
comst string REFERENCED_END_MUST_BE_VISIBLE =
"ofg.omg.mof:constraint.model.reference.referenced_end_must_be_visilkile™;

Reference create_reference (

/* from ModelElement */ in wstring name,

/* from ModelElement */ in wstring annotation,

/* from Feature */ in ::Model::Scopekind scope,

/* from Feature */ in ::Model::VisibilityKind visibility,

/* from StructuralFeature */ in ::Model::Multiplicity Type, multiplicity,
[* from StructuralFeature */ in boolean.is_changeable)

raises (Reflective::MofError);
}; 11 gnd of interface ReferenceClass

interface Reference : ReferenceClass, StructuialFeature {
AskociationEnd exposed_end ()

raises (Reflective::MofError);

void set_exposed_end (in AssociationEnd new_value)

raises (Reflective::MofError);

AspociationEnd referenced_end-()

raises (Reflective::MofError);

void set_referenced_engd-(in/AssociationEnd new_value)

hises (Reflective::MofEfror);

=

3
7.4.18 BehavioralFeature (abstfact)

A BehpvioralFeature defines a dynamic characteristic of the Model Element that contains it. Because a Behavidgral Feature
is partjally, defined by the Parameters it contains, it is both a Feature and a Namespace.

SuperClasses

Feature, Namespace

IDL

interface BehavioralFeatureClass : FeatureClass, NamespaceClass {
readonly attribute BehavioralFeatureUList
all_of_type_behavioral_feature;
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}; /1 end of interface BehavioralFeatureClass

interfa

ce BehavioralFeature :

BehavioralFeatureClass, Feature , Namespace {};

7.4.19 Operation

2:2005(E)

An O(
invocd

Super
Behav

Contg

Param

Attrib

isQue

eration defines a dynamic feature that offers a service. The behavior of an operation is activated thretig
tion of the operation.

Classes
oralFeature

ined Elements

bter, Constraint; see OperationContainmentRules [C-28] on page 114.

utes

y

h the

Defin
of th
inst

For i
with
This

implé
chang

instapce-scope Structural Feature of the Class instance, as a result of invoking this Operation. An Operation @

instapce-scope Structural Features.

ing an Operation with an isQuery value of true denotes that\the behavior of the operation will not alter
object. The state of a Classifier, for this definition, isithe“set of values of al of the Classifier's class-
ce-scope Structural Features.

hstance, an Operation of a Class, defined with.a'scope of instance, will not change the values or instanc|
b scope of classifier will not change the Values or instances of any of the classifier-scope Structural Feat
pttribute does not define a constraint enforced by the model, but rather a promise that the operation’s

mentation is expected to uphold. An operation that is not defined as isQuery equals false is not guarant
e the state of its object( The isQuery constraint does not proscribe any specific implementation, so long

the state
cope and

bs of any
f a Class
Lires or

ped to
as the

definftion of isQuery abovells observed.
type: Boolean
multiplicity: exactly one
Refergnces
exceptions

An Operation, upon encountering an error or other abnormal condition, may raise an Exception. The exceptions
reference provides the Operation with the set of Exceptions it is allowed to raise.

class: Exception
defined by: CanRai se::except
multiplicity: zero or more, ordered
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Constraints
An Operation may only contain Parameters, Constraints, and Tags. [C-28] on page 114.

An Operation may have at most one Parameter whose direction is “return.” [C-29] on page 114.

The Exceptions raised by an Operation must be visible to the Operation. [C-30] on page 115.

IDL

interface OperationClass : BehavioralFeatureClass {
regdonly attribute OperationSet all_of_type_operation;
regdonly attribute OperationSet all_of_class_operation;
const string OPERATION_CONTAINMENT_RULES =
"ofg.omg.mof:constraint.model.operation.operation_containment_rules";
const string OPERATIONS_HAVE_AT_MOST_ONE_RETURN =
"ofg.omg.mof:constraint.model.operation.operations_have_at_most_one_return®;
const string OPERATION_EXCEPTIONS_MUST_BE_VISIBLE =
"ofg.omg.mof:constraint.model.operation.operation_exceptions_must_be visible";

Operation create_operation (

/* from ModelElement */ in wstring name,

/* from ModelElement */ in wstring annotation,

/* from Feature */ in ::Model::ScopeKind scope,

/* from Feature */ in ::Model::VisibilityKind_ visibility,
[* from Operation */ in boolean is_query)

raises (Reflective::MofError);
}; I enfd of interface OperationClass

interface Operation : OperationClass, BehavioralFeature {
boplean is_query ()

faises (Reflective::MofError);

void set_is_query (in boolean new_value)

raises (Reflective::MofError);

MofExceptionUList exceptions ()

faises (Reflective::MofError)]

vdid set_exceptions (in MofEx¢eptionUList new_value)

raises (Reflective::MofEtrar);

void add_exceptions (in-MofException new_element)

raises (Reflective;:MofError);

void add_exceptions/ before (in MofException new_element, in MofException before_element)

raises (Reflective::NotFound, Reflective::MofError);

vdid modifylexceptions (in MofException old_element,

in MofException new_element)

hises (Reflective::NotFound, Reflective::MofError);

voild@emove_exceptions (in MofException old_element)

ri O

=

b

7.4.20 Exception (idl_substitute_name “MofException”)

An Exception (referred to as a MofException in the mapped IDL) defines an error or other abnormal condition. The
Parameters of an Exception hold a record of an occurrence of the exceptional condition.
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SuperClasses
Behavioral Feature

Contained Elements
Parameter; see ExceptionContainmentRules [C-31] on page 115.

Consftraints
An Exception may only contain Parameters and Tags. [C-31] on page 115.

An Exception’s Parameters must all have the direction “out.” [C-32] on page 115.

IDL

interface MofExceptionClass : BehavioralFeatureClass {
regdonly attribute MofExceptionSet all_of type_mof_exception;
regdonly attribute MofExceptionSet all_of class_mof_exception;
const string EXCEPTION_CONTAINMENT_RULES =
"ofrg.omg.mof:constraint.model.mof_exception.exception_containment_rules”;
const string EXCEPTIONS_HAVE_ONLY_OUT_PARAMETERS =
"ofrg.omg.mof:constraint.model.mof_exception.exceptions_haveonly_out_parameters";

Mo{Exception create_mof_exception (

/* from ModelElement */ in wstring name,

/* from ModelElement */ in wstring annotation,

/* from Feature */ in ::Model::ScopeKindsscope,

/* from Feature */ in ::Model::VisibilityKind visibility)
rpises (Reflective::MofError);

}; Il end of interface MofExceptionClass

interface MofException : MofExceptionCldss,'BehavioralFeature {};
7.4.2]1 Association

An asgociation defines a classification over a set of links, through a relationship between Classifiers. Each linK that is an
instange of the association denotes a connection between object instances of the Classifiers of the Association.|The MOF
restrics associations to binary, restricting each link to two participating objects. This restriction also means that the
associgtion is defined-between two Classifiers (which may be the same Classifier). The name of the Association is
considered directional~if it provides a clearer or more accurate representation of the association when stated wjith one
participating class first rather than the other. For instance, Operation CanRaise Exception is correct; Exception CanRaise

ciation contains at least two AssociationEnds, each of which has a Class as its “type.” A Class has kngwledge of
its participation 1n an Association 11 It contans a Ton's Ends, as shown in
Figure 7.6. The “type” of a Reference must be the “type” of the AssociationEnd that is the Reference’s “referencedEnd.”
The “type” of the Reference’s “exposedEnd” must be the Reference’s containing Class, or a supertype of that Class.
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Figurg 7.6 - MOF Model Elements for Associations

SupelClasses

Classifier

Contgined Elements

AssocijationEnd, Constraint; see AssociationContainmentRules [C-33] on page 116.

Attributes

isDeriyed

Model Element
| | |
Namespace Feature Typed Element
Generalizable
Element Sructural Associalion End
Feature isNavigable'\.. Boolean
aggregatiown’ : AggregationKind
Classitier multipligity : MultiplicityType
isChangeable : Boolean
otherEnd ()
1 1
Assoclation 0..* 4referencedEnd +exposedEnd
Reference
isDerived : RefersTo
Boolean
+referent
+referrer 0..*

the derrvedAssociatio
derived.

V

= Sare

oh is derived to be updated. The results of such an update are expected to appear, upon subsequent

ived association has no Links as instances. Instead, its Links are derived from other information in a mefa-model.
gddition;~removal, or modification of a derived Association’s Link causes the information upon which the

access of

UPEl AllU U AT ASSOCTATO cl

not

type:

Boolean

multiplicity:

exactly one

Constraints

An Association may only contain AssociationEnds, Constraints, and Tags. [C-33] on page 116.
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Inheritance / generalization is not applicable to Associations. [C-34] on page 116.
The values for “isLeaf” and “isRoot” on an Association must be true. [C-35] on page 116.
An Association cannot be abstract. [C-36] on page 117.

Associations must have visibility of “public.” [C-37] on page 117.

An Association must not be unary; that is, it must have at least two AssociationEnds. [C-38] on page 117;

IDL

interface AssociationClass : ClassifierClass {
regdonly attribute AssociationSet all_of_type_association;
regdonly attribute AssociationSet all_of_class_association;
copst string ASSOCIATIONS_CONTAINMENT_RULES =
"org.omg.mof:constraint.model.association.associations_containment_rules";
const string ASSOCIATIONS_HAVE_NO_SUPERTYPES =
"org.omg.mof:constraint.model.association.associations_have_no_supertypes";
copst string ASSOCIATIONS_MUST_BE_ROOT_AND_LEAF =
"org.omg.mof:constraint.model.association.associations_must_be_reot_and_leaf";
copst string ASSOCIATIONS_CANNOT_BE_ABSTRACT =
"org.omg.mof:constraint.model.association.associations_cannotibe_abstract";
const string ASSOCIATIONS_MUST_BE_PUBLIC =
"org.omg.mof:constraint.model.association.associations_must_be_public";
copst string ASSOCIATIONS_MUST_BE_BINARY =
"ofrg.omg.mof:constraint.model.association.associations_must_be_binary";

Assqciation create_association (

/* from ModelElement */ in wstring name,

/* from ModelElement */ in.wstring annotation,

/* from GeneralizableElement */ ih boolean is_root,

/* from GeneralizableElement */ in boolean is_leaf,

/* from GeneralizableElement */ in boolean is_abstract,

/* from GeneralizableElement */ in ::Model::VisibilityKind visibility,
/* from Association */ in boolean is_derived)

raises (Reflective::MofErar);
}; /1 end of interface AssociationClass

interfaice Association ;-AssociationClass, Classifier {

boplean is_derived ()

flaises (Reflective::MofError);

vold set_iS_derived (in boolean new_value)
raises (Reflective::MofError);

h

7.4.22 AssociationEnd

An association is composed of two AssociationEnds. Each AssociationEnd defines a Classifier participant in the
Association, the role it plays, and constraints on sets of the Classifier instances participating. An instance of an
AssociationEnd is a LinkEnd, which defines a relationship between a link, in instance of an Association, and an instance
of the AssociationEnd’s Classifier, provided in its type attribute.
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SuperClasses
TypedElement

Attributes

isNavigable

The ipNavigable attribute determines whether or not the AssociationEnd supports link “navigation.” Thishas{two
impligations:
* A Class defined with an appropriate Reference supports navigation of links from one Class instance to another. If isNgvigable is

fSaeIIe for an AssociationEnd, no such References may be created.
. ing isNavigable to false also suppress as a mapping’s mechanisms for indexing links based on this“AssociationEnd.

type: Boolean

multiplicity: exactly one

aggregation

Certgn associations define aggregations - directed associations with additional semantics (see 8.10, “Aggregation
Semdntics,” on page 152). When an AssociationEnd is defined as cemposite or shared, the instance at “this” |end of a
Link js the composite or aggregate, and the instance at the “other*.end is the component or subordinate.

type: AggregationKind
multiplicity: exactly one
multiplicity

Multijplicity defines constraints on sets of instances. Each instance of the Classifier defined by the opposite
AssogiationEnd’s type defines a set that this'multiplicity attribute constrains. Given one of those instances, x, fthe set is
defingd as the instances connected by ‘LinkEnds of this AssociationEnd to that instance x. Refer to 7.6.1,
“PrimitiveTypes used in the MOFE(Model,” on page 96 for a description on how the multiplicity attribute conftrains a
set. In its use is describing AssoeiationEnds, isUnique has been constrained to be true, as a simplification. This
constfaint means that the sametwo instances cannot participate in more than one Link while participating ungder the

same|AssociationEnd. Nermally, two instances cannot be linked by more than one Link of an Association at gll. But

when| the AssociationEndtypes allow the two instances switch ends, they can form a second Link without violating the
isUnigue constraint:

type: MultiplicityType

multiplicity: exactly one
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isChangeable

The isChangeabl e attribute restricts the capability to perform actions that would modify sets of instances corresponding
to this AssociationEnd (the same sets to which multiplicity is applied). Specifically, the set may be created when the
instance defining the set - the instance at the opposite end of the Links - is created. This attribute does not make the set

immutable_Instead it affects the gpnpratinn of nlnpratinnq in Maodel Flahoration that would allow modificatign of the
set. Hor IDL generation, the only operation that allows the set to be modified would be one or more factory-gperations
that greate the instance and create the set. The modeler is free to define specific operations that allow modification of
the s¢t. Note that defining this AssociationEnd with isChangeable equals false places restrictions onthe changeability
of the other AssociationEnd, due to their interdependence.
type: Boolean
multiplicity: exactly one
Opergtions
otherBnd
Provildes the other AssociationEnd (i.e., not this one) in the enclosing-Association.
return type: AssociationEnd
isQuery: yes
parareters: none
opereltion semantics: [S-2] on page 125
Consftraints
The type of an AssociationEnd must be Class~{C-39] on page 117.
The “isUnique’ flag in an AssociationEnd*s multiplicity must be true. [C-40] on page 118.
An Agsociation cannot have two AssaciationEnds marked as “ordered.” [C-41] on page 118.
An Agsociation cannot have-an-aggregation semantic specified for both AssociationEnds. [C-42] on page 118.
IDL
interface AssociationEndClass : TypedElementClass {
readonly attribute AssociationEndSet all_of_type_association_end;
readonly attribute AssociationEndSet all_of_class_association_end;
const string END_TYPE_MUST_BE_CLASS =
"orgZomg.mof:constraint.model.association_end.end_type_must_be_class";
const string ENDS_MUST_BE_UNIQUE =
"org.omg.mof:constraint.model.association_end.ends_must_be_unique";
const string CANNOT_HAVE_TWO_ORDERED_ENDS =
"org.omg.mof:constraint.model.association_end.cannot_have_two_ordered_ends";
const string CANNOT_HAVE_TWO_AGGREGATE_ENDS =
"org.omg.mof:constraint.model.association_end.cannot_have_two_aggregate_ends";
AssociationEnd create_association_end (
/* from ModelElement */ in wstring name,
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/* from ModelElement */ in wstring annotation,

/* from AssociationEnd */ in boolean is_navigable,

/* from AssociationEnd */ in ::Model::AggregationKind aggregation,
/* from AssociationEnd */ in ::Model::MultiplicityType multiplicity,

/* from AssociationEnd */ in boolean is changeable)

raises (Reflective::MofError);

Y llen

d of interface AssociationEndClass

interfal
bo

1
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r
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7.4.23

A Pack
compg

ce AssociationEnd : AssociationEndClass, TypedElement {
blean is_navigable ()

aises (Reflective::MofError);

d set_is_navigable (in boolean new_value)

hises (Reflective::MofError);

pregationKind aggregation ()

aises (Reflective::MofError);

d set_aggregation (in AggregationKind new_value)
hises (Reflective::MofError);

Itiplicity Type multiplicity ()

hises (Reflective::MofError);

d set_multiplicity (in MultiplicityType new_value)
aises (Reflective::MofError);

blean is changeable ()

hises (Reflective::MofError);

id set is changeable (in boolean new value);
SociationEnd other_end ()

aises (Reflective::MofError);

f of interface AssociationEnd

g Package

sed and related in the following ways:
A Package can contain nested Packages via the Contains association.
A Package can inherit from other Packages via the Generalizes association.

A Package can import-or cluster other Namespaces, including Packages via an Import

cage is a container for a collection of relatéd Model Elements that form a logical meta-model. Packages mmay be

and the Aliases assogi ation.

74
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The model elements for representing Packages are shown in Figure 7.7.

Model Element

A
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Figure
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visibility :
isClustered : Booléan

VisibiligyKind

7.7- MOF Model Packaging

Classes

Gener#lizabl eElement
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Package, Class, Association, DataType, Exception, dmport, Constraint, Constant; see PackageContainmentRul es

page 1
Opera

none

Const

A Pecl
and T4

Packag

IDL

ined Elements

19.

itions

raints

gs. [C-43] on page 119.
jes cannot he/declared as abstract. [C-44] on page 119.

interf

ce-PackageClass : GeneralizableElementClass {

Namespace
1 i 0..
Generdlizable Aliases
Element +imported
Package

+importer

cage may only contain"Packages, Classes, DataTypes, Associations, Exceptions, Constants, Constraints,

readonly attribute PackageSet all_of _type_package;
readonly attribute PackageSet all_of class_package;
const string PACKAGE_CONTAINMENT_RULES =
"org.omg.mof:constraint.model.package.package_containment_rules";
const string PACKAGES_CANNOT_BE_ABSTRACT =
"org.omg.mof:constraint.model.package.packages_cannot_be_abstract";
Package create_package (

/* from ModelElement */ in wstring name,

/* from ModelElement */ in wstring annotation,

© ISO/IEC 2005 - All rights reserved
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/* from GeneralizableElement */ in boolean is_root,

/* from GeneralizableElement */ in boolean is_leaf,

/* from GeneralizableElement */ in boolean is_abstract,

/* from GeneralizableElement */ in ::Model::VisibilityKind visibility)

raises (Reflective::MofError);
}; Il end of interface PackageClass

interface Package : PackageClass, GeneralizableElement {

h
7.4.24 Import

An Import allows a Package to make use of Model Elements defined in some other Namespace, ‘An Import object is
related to another Namespace via the Aliases association. When a Package contains an Import object, it imports the
associgted Namespace. This means that Model Elements defined within the imported Namespace are visible in(the

importjng Package.

An Import allows the visibility of the imported Package's contained Model Elements to be further restricted. Ajn Import
object represents either Package importing or Package clustering, depending on’the “isClustered” attribute.

SupelClasses
Model Element

Attributes

visibillty

In the future, this Attribute will modify the visihility of imported ModelElements in the context of the importing
Namespace. For a description of visibility kinds, see 7.6.3, “VisibilityKind,” on page 97. The MOF rules of yisibility
are npt currently specified.

type: VisibilityKind
multiplicity: exactly one
isClustered

The ipClustered flagdetermines whether the Import object represents simple Package importation, or Package
clustering.

type: Boolean

multiplieity: exactly one
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nces

importedNamespace

The Import knows about the Namespace that it references.

class; Namespace

defingd by: Aliases::imported

multiplicity: exactly one
Consftraints

The Npmespace imported by an Import must be visible to the Import’s containing Package-[C-45] on page 11
It is only legal for a Package to import or cluster Packages or Classes. [C-46] on page 120.
Packages cannot import or cluster themselves. [C-47] on page 120.

Packages cannot import or cluster Packages or Classes that they contain. [C-48) on page 120.

Nested

IDL

interface ImportClass : ModelElementClass {
regdonly attribute ImportSet all_of_type_import;
regdonly attribute ImportSet all_of_class_import;
const string IMPORTED_NAMESPACE_MUST_BE “VISIBLE =

"o

const string CAN_ONLY_IMPORT_PACKAGES. AND_CLASSES =

"9

congt string CANNOT_IMPORT_SELF =

"o

consgt string CANNOT_IMPORT_NESTED_COMPONENTS =

"o

congt string NESTED_PACKAGES_CANNOT_IMPORT =

"o

Import create_import (

}; 1 €

rpises (Reflective::MofError);

Packages cannot import or cluster other Packages or Classes. [G;49] on page 121, [C-9] on page 108.

g.omg.mof:constraint.model.import.imported_namespace_must_be_visible";
g.omg.mof:constraint.model.import.ean’ only_import_packages_and_classes";
g.omg.mof:constraint.model.import.cannot_import_self";
g.omg.mof:constraint.modekimport.cannot_import_nested_components";

g.omg.mof:constraipt.model.import.nested_packages_cannot_import";

/* from ModelElement */ in wstring name,

/* from ModelElement */ in wstring annotation,

[* from dmport */ in ::Model::VisibilityKind visibility,
[* fram\mport */ in boolean is_clustered)

neof interface ImportClass

interface Import : ImportClass, ModelElement {

Vis
r

ibilityKind visibility ()
aises (Reflective::MofError);

void set_visibility (in VisibilityKind new_value)

r

aises (Reflective::MofError);

boolean is_clustered ()

r
voi
r

aises (Reflective::MofError);
d set_is_clustered (in boolean new_value)
aises (Reflective::MofError);
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Namespace imported_namespace ()
raises (Reflective::MofError);

void set_imported_namespace (in Namespace new_value)
raises (Reflective::MofError);

+modelElement | Model Element +constrainedElement

AttachesTo _
; 1\Constrams
0J.*
ondere T C F
ag onstran
Typed Element)
tagId : String expression : String
values : list of String language : String 0..*
evaluatlonPIol:Lcly : Tcon&ttaint /\
EvaluationKind
Constant Parameter
value ¥ String direction : DirectjonKind
multiplicity :
MultiplicityTyge

Figurg 7.8 - MOF Model - Other Elements

7.4.2% Parameter

A pargmeter provides a means.of ‘eommunication with operations and other Behavioral Features. A parameter passes or
commuyinicates values of its defined type.

SupelClasses
TypedElement

Attributes

directijon

This attribute specifies the purpose of the parameter; to input a value, to output a value, both purposes, or to provide an
operation return value.

type: DirectionKind

multiplicity: exactly one
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Multiplicity defines cardinality constraints on the set of instances or values that a Parameter can hold. Multiplicity
defines a lower and upper bound on the set, although the upper bound can be specified as Unbounded. Additionally,
multiplicity defines two other characteristics of the set: 1) constraints on set member ordering, and 2) constraints on

uniql e set elements anp(‘ifir‘ally Multiplir‘ity contains an isOrdered field When isQrdered is triie the aorderi g of the
eleméents in the set are preserved. Multiplicity also has an isUnique field. When isUnique is true, the set jsicopstrained
to ho|d no more than one of any value or instance.
type: MultiplicityType
multiplicity: exactly one
IDL
interface ParameterClass : TypedElementClass {
regdonly attribute ParameterSet all_of_type_parameter;
regdonly attribute ParameterSet all_of_class_parameter;
Pafameter create_parameter (
* from ModelElement */ in wstring name,
* from ModelElement */ in wstring annotation,
* from Parameter */ in ::Model::DirectionKind-direction,
* from Parameter */ in ::Model::Multiplicity Type multiplicity)
flaises (Reflective::MofError);
}; /1 end of interface ParameterClass
interface Parameter : ParameterClass, TypedElement-{
DirectionKind direction ()
flaises (Reflective::MofError);
void set_direction (in DirectionKind new.value)
raises (Reflective::MofError);
Multiplicity Type multiplicity ()
raises (Reflective::MofError);
vold set_multiplicity (in Multiplieity Type new_value)
flaises (Reflective::MofErrory;
|3
7.4.26 Constraint
A Constraint defines a rule that restricts the state or behavior of one or more elements in the meta-model. When a
Constraint is attached to a ModelElement, the rule it encodes applies to all relevant instances of the ModelElement in a
model
A Constramt+ate—+epresented-by-the-expression™—attrbutemay-be-ercoded-Hany-ferm—Hhe-tapgduage—atti bute may

be used to denote the language and encoding scheme used.

While some Constraints on a model may need to be treated as invariant, it is often convenient for other Constraints to be
relaxed, for instance while a model is being edited. While, the “evaluationPolicy” attribute is used to represent these two
cases, thisinformation is at best advisory, since the MOF specification does not currently state how and when Constraints

should

be enforced.
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NOTE: A Constraint cannot override structural integrity rules defined by other parts of a meta-model (e.g., multiplicity
specifications) or the integrity rules defined by a particular mapping of the meta-model to implementation technology.

SuperClasses
M odel Element

Attributes

expregsion

The Qonstraint’s expression attribute contains a textual representation of the constraint. The MOF has no specific
reguifement that an implementation must be able to interpret this expression, or to validate it\against the lanquage
attribute. The meaning of the expression will depend on the language used.

type String
multiplicity: exactly one
langudge

A Constraint’s language attribute gives the name of textual language.used in the constraint expression.

type: String

multiplicity: exactly one

evalugtionPolicy

Each|constraint can be defined as immediate orideferred. For immediate Constraints, the constraint violation jwill be
detected and reported within an operation inithe chain of operations between the operation initiated by the M|OF user
and the operation that caused the constraint'violation. The effect of an operation that violates an immediate gonstraint
on the state of the object or objects heing altered is implementation specific, and possibly undefined. However, if
possible, an implementation should.reverse the effects of the operation.

For deferred Constraints, the.constraint violation can only be detected when the Constraint is explicitly evalyated. A
technplogy mapping will“typically provide a verify operation. When a verify operation is invoked on instancg of a
constfained elementthe Constraint will be checked and any violation will be reported.

type: EvaluationKind

multiplicity: exactly one
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References

constr

ainedElements

The Constraint has access to the ModelElements it constrains, through this reference. Note that the Constraint may
depend on other Model Elements not represented in this reference. For instance, a Constraint may state that attribute

A::x fannot exceed A:y in magnitude. The Constraint is on A::x, although it also depends on A::y. The relationship
between the Constraint and A::y is not explicitly stated in the meta-model.

class

Model Element

defingd by: Constrains::constrainedElement

multiplicity: one or more

Const

Constraints, Tags, Imports, and Constants cannot be constrained. [C-50] on page 121:

A Constraint can only constrain Model Elements that are defined by or inherited by its immediate container. [(

page 1

IDL

interfa
rea
rea
corn

"0l
cor

"0

enu

Con

r
}; 1€

inter|
ws
1

raints

22.

ce ConstraintClass : ModelElementClass {

Honly attribute ConstraintSet all_of_type_constraint;

Honly attribute ConstraintSet all_of_class_constraint;

st string CANNOT_CONSTRAIN_THIS_ELEMENT=
g.omg.mof:constraint.model.constraint.cannot® constrain_this_element";
st string CONSTRAINTS_LIMITED_TO_CONTAINER =
rg.omg.mof:constraint.model.constraint.¢enstraints_limited_to_container";

m EvaluationKind {immediate, deferred};

straint create_constraint (

/* from ModelElement */ in-wstring name,

/* from ModelElement*, ih wstring annotation,

/* from Constraint ¥ in wstring expression,

/* from Constraint */ in wstring language,

/* from Constraint™*/ in ::Model::ConstraintClass::EvaluationKind evaluation_policy)
hises (Reflective:*MofError);
nd of interface ConstraintClass

face Gaohstraint : ConstraintClass, ModelElement {
fring.expression ()

Vol

[-51] on

aises (Reflective::MofError);

d set_expression (in wstring new_value)

raises (Reflective::MofError);

ws

tring language ()

raises (Reflective::MofError);
void set_language (in wstring new_value)
raises (Reflective::MofError);

Co

nstraintClass::EvaluationKind evaluation_policy ()

raises (Reflective::MofError);
void set_evaluation_policy (in ConstraintClass::EvaluationKind new_value)
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raises (Reflective::MofError);
ModelElementSet constrained_elements ()
raises (Reflective::MofError);
void set_constrained_elements (in ModelElementSet new_value)
raises (Reflective::MofError);
void add_constrained_elements (in ModelElement new_element)
raises (Reflective::MofError):
void modify_constrained_elements (in ModelElement old_element,
in ModelElement new_element)
hises (Reflective::NotFound, Reflective::MofError);
voild remove_constrained_elements (in ModelElement old_element)
hises (Reflective::NotFound, Reflective::MofError);

=

=

b
7.4.27 Constant

Constant provides a mechanism for defining constant values for use in meta-models,-€onstants are limited to yalues of
types defined as PrimitiveType instances.

SupelClasses

TypedElement

Attributes

value

This Attribute gives the literal value of the constantyencoded as text. The syntax for encoding literal values of the
standprd MOF primitive data types is given in<7.10, “The PrimitiveTypes Package,” on page 134. Other encoflings are
mapping, vendor or user specific.

type String

multiplicity: exactly one

Consfraints
The type of a Constant and'its value must be compatible. [C-52] on page 122.

The type of a Constant.must be a PrimitiveType. [C-53] on page 122.

IDL

interface CanstantClass : TypedElementClass {
readorily attribute ConstantSet all_of_type constant;
readonly attribute ConstantSet all_of_class_constant;
const string CONSTANTS_VALUE_MUST_MATCH_TYPE =
"org.omg.mof:constraint.model.constant.constants_value_must_match_type";
const string CONSTANTS_TYPE_MUST_BE_SIMPLE_DATA_TYPE =
"org.omg.mof:constraint.model.constant.constants_type_must_be_simple_data_type";

Constant create_constant (
/* from ModelElement */ in wstring name,
/* from ModelElement */ in wstring annotation,
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/* from Constant */ in wstring value)
raises (Reflective::MofError);
}; 1 end of interface ConstantClass

interface Constant : ConstantClass, TypedElement {
wstring value ()
raises (Reflective:-MofError):
vold set_value (in wstring new_value)
rpises (Reflective::MofError);

h
7.4.28 Tag

Tags provide alight-weight extension mechanism that allows mapping, vendor, and even customer specific information to
be added to, or associated with a meta-model. In essence, Tags are arbitrary name / val(€ pairs that can be attgached to
instang¢es of most Model Elements.

A Tag|has an attribute called “tagld” that denotes a category of meaning, and ancther attribute called “values’| that
parameterizes that meaning. Each Tag is related to one or more Model Elements by the AttachesTo Association. The Tag
need not be contained within the meta-model of the ModelElement it “tags®

The MIOF specification does not generally define the values for the {tagld” or the application specific categories of
meaning that they denote. The exception to thisis:

« | 9.6, “Standard Tags for the IDL Mapping,” on page 194 defines some Tags that tailor the IDL produced by|the
I DL mapping.

Since ftagld” values are not standardized, there is a risk*that different vendors or user organizations will use the same
values|to denote different categories of meaning. i ‘a@"tagld” value is used to mean different things, problems|can arise
when meta-models using the value are exchanged:

To avqid such Tag collisions, it is recommended that “tagld” values should use the following scheme based on Java

package naming. Each value should start with a prefix formed by reversing the Internet domain name of a“taglpg” naming
author|ty. This should be followed by-alocally unique component. For instance, this might be a standard or product name
followed by a name or names that denotes the meaning. Here are some examples:

"org.omg.mof.idl prefix!
"orfg.omg.mof . somestag"
"com.rational.xrOse.screen position"

"aul.edu.dstcielvin.event type"

It is also recommended that “tagld” values should be spelled in all lower case using the underscore (
word separator.

“ ") charpcter as a

NOTE: Indefining new Tag categories, the meta-modeler should take account of the tact that the MOF Model has no
Reference for navigating from a Model Element to its attached Tags. This allows one to attach Tags to elements of a“frozen”
meta-model. On the other hand, it makes it harder for a“client” of the meta-model objectsto find the Tags for an element. One
option isto require relevant Tags to be Contained by the elements they AttachTo, or their parents.

SuperClasses
M odel Element
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Attrib

tagld

utes

Gives the category of meaning for the Tag. The values for this attribute and their associated meanings are not
standardized here. See discussion above.

type: String
multiplicity: exactly one
values
Carrigs additional information (e.g., “parameters’) associated with the Tag. The encodingof parameters as Sfring
values is tagld specific.
type: String
multiplicity: zero or more, ordered.
Refergnces
elemefts
The ModelElement or Model Elements that this Tag is attached-to.
class M odel Element
defingd by: AttachesTo::model Element
multiplicity: one or more
IDL
interfalce TagClass : ModelElementClass {

reg
reg

Tad

r
Y llen

donly attribute TagSet all_of\type_tag;
donly attribute TagSet all ‘'of class_tag;

create_tag (
/* from ModelElement */in wstring name,
/* from ModelElément */in wstring annotation,
*from Tag */ in wstring tag_id,
*from Tag %/ in ::PrimitiveTypes::WStringList values)
hises (Reflective::MofError);
[ ofinterface TagClass

inter

dCe 1aJg . 1aglldass, Modaelelierment

wstring tag_id ()

raises (Reflective::MofError);

void set_tag_id (in wstring new_value)

raises (Reflective::MofError);

::PrimitiveTypes::WStringList values ()

raises (Reflective::MofError);

void set_values (in ::PrimitiveTypes::WStringList new_value)

raises (Reflective::MofError);

void add_values (in wstring new_element)

84
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raises (Reflective::MofError);

id add_values_at(in wstring new_element, in unsigned long position)
raises (Reflective::BadPosition, Reflective::MofError);

id modify_values (in wstring old_element, in wstring new_element)
raises (Reflective::NotFound, Reflective::MofError);

id modify_values_at(in wstring new_element, in unsigned long position)
raises (Reflective::BadPasition, Reflective::MofError):

v(dg

va

id remove_values (in wstring old_element)

raises (Reflective::NotFound, Reflective::MofError);
id remove_values_at(in unsigned long position)

raises (Reflective::BadPosition, Reflective::MofError);

ModelElementUList elements ()

v(dg
I
\¢)
I
VO
r
v(dg
r

raises (Reflective::MofError);

id set_elements (in ModelElementUList new_value)

aises (Reflective::MofError);

d add_elements (in ModelElement new_element)

aises (Reflective::MofError);

d add_elements_before (in ModelElement new_element, in ModelElement-oefore_element)

hises (Reflective::NotFound, Reflective::MofError);

id modify_elements (in ModelElement old_element, in ModelElement new_element)

hises (Reflective::NotFound, Reflective::MofError);

voifl remove_elements (in ModelElement old_element)
raises (Reflective::NotFound, Reflective::MofError);
h
7.5 | MOF Model Associations
7.5.1| Contains
A meta-model is defined through a composition of Model Elements. A Namespace defines a M odel Element that| composes
other Model Elements. Since Namespace has several subclasses, there is a sizable combinatorial set of potentig
Namegpace-M odel Element pairings. Hewever, some of these pairings are not appropriate for building an objegt-oriented
meta-rhodel, such as a Class containinga Package (see 7.3.4, “The MOF Model Containment Hierarchy,” on page 40).
This approach factors the containegr mechanisms into one abstraction, and allows the greatest flexibility for future changes
to the MOF Model.
Ends
contaiper
Each|Namespace is a composition of zero or more Model Elements.
class| Namespace
multiplicity: Zero or one
aggregation: Namespace forms a composite aggregation of Model Elements.
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containedElement

Each Model Element, with the exception of top-level packages participates in the association as a containedElement.

class: M odel Element
multiplicity: Zero or more; ordered.
IDL

interface Contains : Reflective::RefAssociation {
ContainsLinkSet all_contains_links ()
raises (Reflective::MofError);
bqolean exists (in Namespace container, in ModelElement contained_element)
hises (Reflective::MofError);
Ndgmespace container (in ModelElement contained_element)
hises (Reflective::MofError);
ModelElementUList contained_element (in Namespace container)
hises (Reflective::MofError);
vdid add (in Namespace container, in ModelElement contained_element)
faises (Reflective::MofError);
vdid add_before_contained_element (in Namespace container,
in ModelElement contained_element,
in ModelElement before)
hises (Reflective::NotFound, Reflective::MofError);
vdid modify_container (in Namespace container,
in ModelElement contained_element;
in Namespace new_container)
hises (Reflective::NotFound, Reflective::MofErrer);
vdid modify_contained_element (in Namespace/container,
in ModelElement containgd-element,
in ModelElement new_contained_element)
hises (Reflective::NotFound, Reflective::MofError);
vdid remove (in Namespace container, in ModelElement contained_element)
hises (Reflective::NotFound, Reffective::MofError);

=

=

=

=

=

=

=

b
7.5.2| Generalizes

The Asgsociation defined on GeneralizableElement. A Link of this Association represents a supertype/subtype relationship
(or a generalizes/specializes relationship).

Ends

supertyp€

The GeneralizableElement that is more general is the supertype.

class: Generalizabel Element
multiplicity: Zero or more (a GeneralizableElement may have zero or more supertypes);
ordered.
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subtype

The subtype is the GeneralizableElement that is more specific. The supertype Generalizes the subtype.

class: Generalizabl eElement
multiplicity: Zero or more (a GeneralizableElement may have zero or more subtypes).
IDL

interface Generalizes : Reflective::RefAssociation {
GeneralizesLinkSet all_generalizes_links ()

raises (Reflective::MofError);

boplean exists (in GeneralizableElement supertype,

in GeneralizableElement subtype)

hises (Reflective::MofError);

GeneralizableElementUList supertype (in GeneralizableElement subtype)

raises (Reflective::MofError);

GeheralizableElementSet subtype (in GeneralizableElement supertype)

rpises (Reflective::MofError);

vdid add (in GeneralizableElement supertype,

in GeneralizableElement subtype)

hises (Reflective::MofError);

void add_before_supertype (in GeneralizableElement supertype,

in GeneralizableElement subtype,

in GeneralizableElement before)

hises (Reflective::NotFound, Reflective::MofError);

vdid modify_supertype (in GeneralizableElement stpertype,

in GeneralizableElement subtype,

in GeneralizableElement new_supertype)

hises (Reflective::NotFound, Reflective:;MefError);

void modify_subtype (in GeneralizableElement supertype,

in GeneralizableElement'subtype,

in GeneralizableElement new_subtype)

hises (Reflective::NotFound, Reflective::MofError);

vold remove (in GeneralizablgElement supertype,

in Generalizab|eElement subtype)

hises (Reflective::NotFound, Reflective::MofError);

=

—

=

—

—

=

7.5.3| RefersTo

A Reference'derives most of its state from the AssociationEnd that it is linked to, based on this Association. Hor a Class
definel with a Reference, each of its instances can be used to access the referenced object or objects. Those r¢ferenced
objects will be of the Class defined by this referencedEnd AssociationEnd, playing the defined end.
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Ends

referent

The Reference that is providing the reference through which instances playing the end-defined by the AssociationEnd
can be accessed.

class: Reference

multiplicity: Zero or more; not ordered (an AssociationEnd may or may not-belused by any
number of References).

referepcedEnd

The AssociationEnd which provides the majority of information for the Reference, including the LinkEnds thgt supply
the rgferenced instances.

class AssociationEnd
multiplicity: exactly one
IDL

interfalce RefersTo : Reflective::RefAssociation {
Re¢fersToLinkSet all_refers_to_links ()
raises (Reflective::MofError);
bgolean exists (in Reference referent, in AssociationEnd referenced_end)
raises (Reflective::MofError);
Re¢ferenceSet referent (in AssociationEnd referenced_end)
hises (Reflective::MofError);
AgsociationEnd referenced_end (in Reference referent)
hises (Reflective::MofError);
vdid add (in Reference referent, in AssociationEnd referenced_end)
raises (Reflective::MofError);
vdid modify_referent (in Referéntce referent,
in AssociationEnd referenced_end,
in Refenénce new_referent)
hises (Reflective::NotFound, Reflective::MofError);
vdid modify_referenCed:_end (in Reference referent,
in AssociationEnd referenced_end,
in AssociationEnd new_referenced_end)
hises (Reflective::NotFound, Reflective::MofError);
vdid remave(in Reference referent, in AssociationEnd referenced_end)
hises (Reflective::NotFound, Reflective::MofError);

=

=

=

=

=

7.5.4 Exposes (derived)
A Reference defines a reference for a Class. For an instance of that class, which holds one or more links to some object

or objects conforming to the reference, the instance will be playing the role (end) defined by the AssociationEnd in this
Association.
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Ends

referrer

The Reference that is providing the exposedEnd's class instances within the Reference’s Classifier.

class; Reference
multiplicity: Zero or more; not ordered (an AssociationEnd may or may not beusefl by any
number of References).
changeable: yes
expospdEnd
The AssociationEnd representing the Reference’s owning Classifier's end in the Assogiation.
class AssociationEnd
multiplicity: exactly one
changeable: yes
Derivation

See [$13] on page 130. For a given Reference, the Link of thig’/Association is derived as follows:

» | The referrer’s Reference is the given Reference.

« | The exposedEnd’s AssociationEnd is the given Reference’s referent’s container Association’s other Associ fitionEnd.

IDL

interface Exposes : Reflective::RefAssociation {
ExposesLinkSet all_exposes_links ()
raises (Reflective::MofError);
bdolean exists (in Reference-referrer, in AssociationEnd exposed_end)
raises (Reflective::MofError);
ReferenceSet referrer (in ‘AssociationEnd exposed_end)
raises (Reflective::MofError);
AsgsociationEnd exposed_end (in Reference referrer)
rapises (Reflective:sMofError);
vdid add (in Reference referrer, in AssociationEnd exposed_end)
flaises (Reflective::MofError);
vgid modify_referrer (in Reference referrer,
in AssociationEnd exposed_end,
in Reference new_referrer)
raiSes (Reflective..NotFound, Rellectve: .MOTErTor);
void modify_exposed_end (in Reference referrer,
in AssociationEnd exposed_end,
in AssociationEnd new_exposed_end)

raises (Reflective::NotFound, Reflective::MofError);
void remove (in Reference referrer, in AssociationEnd exposed_end)

raises (Reflective::NotFound, Reflective::MofError);

h
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755 IsOfType

A Link between a TypedElement subclass and a Classifier supports the definition of the TypedElement.

Ends

type

The type defining the TypedElement.

class: Classifier

multiplicity: exactly one

typedklements

The get of typed elements supported by a Classifier.

class TypedElement
multiplicity: Zero or more
IDL

interfaice IsOfType : Reflective::RefAssociation {
IsQfTypeLinkSet all_is_of_type_links ()
raises (Reflective::MofError);
bqolean exists (in Classifier type, in TypedElement\typed_elements)
raises (Reflective::MofError);
Clpssifier type (in TypedElement typed_elements)
hises (Reflective::MofError);
TypedElementSet typed_elements (in Classifier type)
raises (Reflective::MofError);
vdid add (in Classifier type, in TypedElement typed_elements)
faises (Reflective::MofError);
vdid modify_type (in Classifier/type,
in TypedElement typed_elements,
in Classifier new_type)
hises (Reflective;:NotFound, Reflective::MofError);
vdid modify_typedi.elements (in Classifier type,
in TypedElement typed_elements,
in TypedElement new_typed_elements)
hises (Reflective::NotFound, Reflective::MofError);
vdid remove (in Classifier type, in TypedElement typed_elements)
hises (Reflective::NotFound, Reflective::MofError);

=

=

=

=

b
7.5.6 CanRaise

Relates Operations to the Exceptions that they can raise.
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Ends

operation

Given an Exception, the set of Operations which can Raise that Exception.

class: Qperation

multiplicity: Zero or more (an Exception may be defined that is not currently used'py any
Operation; an Exception may be raised by multiple Operations)

excep

The get of Exceptions for an Operation.

class| Exception

multiplicity: Zero or more (an Operation may be definédhto raise no exception, or multiple
exceptions); ordered (an Operation’s Exceptions are ordered).

IDL

interface CanRaise : Reflective::RefAssociation {
CanRaiseLinkSet all_can_raise_links ()
raises (Reflective::MofError);
bgolean exists (in ::Model::Operation operation, in MofException except)
raises (Reflective::MofError);
OperationSet operation (in MofException except)
raises (Reflective::MofError);
MofExceptionUList except (in ::Model::Operation operation)
raises (Reflective::MofError);
vdid add (in ::Model::Operation operation; in MofException except)
raises (Reflective::MofError);
vdid add_before_except (in ::Modél;:Operation operation,
in MofException except,
in MofException before)
raises (Reflective::Notkound, Reflective::MofError);
vdid modify_operation(in-Operation operation,
in MofEXception except,
in Opération new_operation)
raises (Reflective::NotFound, Reflective::MofError);
vdid modify-except (in ::Model::Operation operation,
in MofException except,
in MofException new_except)
raises (Reflective::NotFound, Reflective::MofError);
vdidremove (in ::Model::Operation operation, in MofException except)
raises (Reflective::NotFound, Reflective::MofError);

h
7.5.7 Aliases

An Import aliases or imports a single Namespace.
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Ends
importer
A Namespace may be aliased by an Import, which is the importer.
class; Lmport
multiplicity: Zero or more (a Namespace may not be aliased, or may be aliased by’ multiple
Imports).
imporied

The Nlamespace that an Import imports or aliases.

class Namespace
multiplicity: exactly one
IDL

interfaice Aliases : Reflective::RefAssociation {
AljasesLinkSet all_aliases_links ()

raises (Reflective::MofError);
bdolean exists (in Import importer, in Namespace imported)
raises (Reflective::MofError);
ImportSet importer (in Namespace imported)
raises (Reflective::MofError);
Ngmespace imported (in Import importer)
raises (Reflective::MofError);
vdid add (in Import importer, in Namespaceimported)
raises (Reflective::MofError);
vdid modify_importer (in Import impofrtet,

in Namespace imported,

in Import new_impexter)
raises (Reflective::NotFound, Reflective::MofError);
vdid modify_imported (inmport importer,

in Namespace-imported,

in Namespace new_imported)
raises (Reflectiver’NotFound, Reflective::MofError);
vdid remove (indmport importer, in Namespace imported)
raises (Reflective::NotFound, Reflective::MofError);

b

7.5.8| ~Constrains

Each Constraint constrains one or more Model Elements.
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Ends

constraint

A Constraint that constrains a Model Element.

class; Canstraint

multiplicity: Zero or more (a Model Element need not be constrained, but could-be
constrained by more than one Constraint).

constrlainedElement

The Model Elements that a Constraint holds its constraint against.

class Model Element
multiplicity: One or more (a Constraint must constraincat,teast one Model Element)
IDL

interface Constrains : Reflective::RefAssociation {
ConstrainsLinkSet all_constrains_links ()
raises (Reflective::MofError);
bgolean exists (in ::Model::Constraint constraint,
in ModelElement constrained_element)
raises (Reflective::MofError);
ConstraintSet constraint (in ModelElement constrained_element);
raises (Reflective::MofError)
ModelElementSet constrained_element (in ::Medel::Constraint constraint)
raises (Reflective::MofError);
vdid add (in ::Model::Constraint constraint;
in ModelElement constrained_element)
raises (Reflective::MofError);
vdid modify_constraint (in ::Medel::Constraint constraint,
in ModelElement censtrained_element,
in Constraint-new_constraint)
raises (Reflective::NotFound, Reflective::MofError);
vdid modify_constrained” element (in ::Model::Constraint constraint,
in ModelElement constrained_element,
in ModelElement new_constrained_element)
raises (Reflective::NotFound, Reflective::MofError);
vdid remove\(in ::Model::Constraint constraint,
in ModelElement constrained_element)
raises (Reflective::NotFound, Reflective::MofError);

h

7.5.9 DependsOn (derived)
DependsOn is a derived Association that allows a client to identify the collection of Model Elements on which a given

Model Element structurally depends. The Association is derived from a number of other Associations in the MOF Model,
as described below.
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NOTE: The model of dependency that is embodied in this Association is based solely on the structural relationshipswithin a
meta-model. In some cases, the structural dependencies have clear semantic parallels (e.g., the meaning of an Attribute
depends on its type). In other cases the semantic parallél is more tenuous (e.g., a DataType only semantically depends on its
container in the context of type identity).

Ends

depenfdent

This End is occupied by Model Elements that structurally depend on the Model Element at the other|End.

class M odel Element
multiplicity: Zero or more (a ModelElement can have no ModelElement depend onlit, or
many may depend on it).
changeable: no
provider

This End is occupied by ModelElements that have other Model Elements.that structurally depend on them.

class M odel Element
multiplicity: Zero or more (a Model Efement can depend on no other Model Elements or
multiple Model Eleménts).
changeable: no
Derivation

See [§14] on page 131. A ModelElement (ME) depends on:
| “container” - its container Namespace from Model Element::container
» | “constraint” - any Constraints filom Model Element::constraints.
« | “contents’ - if ME is a Namespace, its contents from Namespace::contents.
« | “specidization” - if-ME is a GeneralizableElement, its supertypes from Generalizabl eElement::supertypes.
« | “import” if ME48an Import, the imported Package or Class from Import::importedNamespace.
- | “signature” -'if ME is an Operation, the Exceptions it raises from Operation::exceptions.

| “typedefinition” - if ME is a TypedElement, the Classifier from TypedElement::type.

o L“referencedends’ - if ME isa annrmm:, the two AssociationEnds from Reference:: referencedEnd.and

Reference::exposedEnd.

« “constrained e ements” - if ME is a Constraint, the elements it constrains from Constraint::constrainedElements.

» “tagged elements’ - if ME isa Tag, the elementsiit is attached to from Tag::elements.

94 © ISO/IEC 2005 - All rights reserved



https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

IDL

interfa

ISO/IEC 19502:2005(E)

ce DependsOn : Reflective::RefAssociation {

DependsOnLinkSet all_depends_on_links ()

raises (Reflective::MofError);

boolean exists (in ModelElement dependent, in ModelElement provider)

raises (Reflective::MofError);

M
M

k

7.5.1(

This &
may n
conjur

Ends

model

pdelElementSet dependent (in ModelElement provider)
raises (Reflective::MofError);
bdelElementSet provider (in ModelElement dependent)
raises (Reflective::MofError);

D AttachesTo

Esociation represents Tags attached to Model Elements. A ModelElement’s Tags.are’ordered, although th
bt be of any significance, depending on the meaning of the Tags. Ordering is.preserved in case some T3
ction with some defined semantics, requires an ordering.

Flement

gs, in

e ordering

The N

/1odel Elements that an attached Tag describes, modifies,~0F otherwise associates.

class|

Model Element

multi

blicity: One or more (a Tag must be attached to at least one Model Element).

tag

The 3

et of Tags attached to a Model Element.

class

Tag

multi

blicity: Zero or more (a ModelElement need not have a Tag), ordered.

IDL

interfa

ce AttachesTo ) Reflective::RefAssociation {

AttachesToLinkSet all_attaches_to_links ()

bd

M

raises(Reflective::MofError);
olean.exists (in ModelElement model_element, in ::Model::Tag tag)
raises (Reflective::MofError);

pdelElementSet model_element (in ::Model::Tag tag)

ralses (Reriective..VIOTError),

TagUList tag (in ModelElement model_element)

raises (Reflective::MofError);

void add (in ModelElement model_element, in ::Model::Tag tag)

raises (Reflective::MofError);

void add_before_tag (in ModelElement model_eleme

in ::Model::Tag tag,
in Tag before)
raises (Reflective::NotFound, Reflective::MofError);

void modify_model_element (in ModelElement model_element,
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in ::Model::Tag tag,
in ModelElement new_model_element)
raises (Reflective::NotFound, Reflective::MofError);

void modify_tag (in ModelElement model_element,

in ::Model::Tag tag,
in Tag new_tag)
raises (Reflective::NotFound, Reflective::MofError):

vdid remove (in ModelElement model_element, in ::Model::Tag tag)

7.6

The fo

raises (Reflective::NotFound, Reflective::MofError);

MOF Model Data Types

lowing data types are part of the MOF Model. Each data type is represented in the(MOF Model as an i

the apppropriate DataType subclass.

7.6.1

PrimitiveTypes used in the MOF Model

The only PrimitiveType instances used in the MOF Model are Boolean, Integer, and String. These are specifig

hstance of

din“The

PrimitiveTypes Package’ on page 134.
NOTE{] The PrimitiveTypes package defines 6 standard PrimitiveTypeinstancesin total. The other three instances|(L ong,
Float, and Double) are not used in the specification of the MOF Model as an instance of itself.
7.6.2 MultiplicityType
MultiglicityType is a structure (record) type that is Gsed to specify the multiplicity properties of an Attribute, Parameter,
Reference, or AssociationEnd.
Fields
lower
Thisield gives the lower bounds on the number of elements allowed for the Attribute, Parameter, Reference, or
AssotiationEnd.
type: I nteger
upper
This field\gives the upper bounds on the number of elements allowed for the Attribute, Parameter, Reference, or
AssotiationEnd. A value of Unbounded (see 7.8.1, “Unbounded,” on page 100) indicates that there is no upger bound

on the number of elements.

type:

Integer

96
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isOrdered

This flag indicates whether the order of the elements corresponding to the Attribute, Parameter, Reference, or
AssociationEnd has any semantic significance.

type: Boolean

isUnicJue

This flag indicates whether or not the elements corresponding to the Attribute, Parameter, Reference, or
AssogiationEnd are required (or guaranteed) to be unique.

type: Boolean

Consfraints
The “Ipwer” bound of a MultiplicityType to be “Unbounded.” [C-54] on page 123.

The “Ipwer” bound of a MultiplicityType cannot exceed the “upper” bound. [€+55] on page 123.
The “Upper” bound of a Multiplicity Type cannot be less than 1. [C-56],.0n page 123.

If a MltiplicityType specifies bounds of [0..1] or [1..1]), the “is_ordered” and “is_unique” values must be falpe. [C-57]
on page 124.

IDL

stfuct MultiplicityType {
long lower;

long upper;
boolean isOrdered;
boolean isUnique;

h

cgnst string LOWER_CANNQT, BE_ NEGATIVE_OR_UNBOUNDED =

"org.omg:constraint. model.multiplicity_type.lower_cannot_be_negative_or_unbounded";
cdnst string LOWER_CANNOT_EXCEED_UPPER =
"org.omg:constraint.model.multiplicity_type.lower_cannot_exceed_upper";

cgnst string UPPER-MUST_BE_POSITIVE =
"org.omg:constraint.model.multiplicity_type.upper_must_be_positive";

cgnst string MUST_BE_UNORDERED_NONUNIQUE =
"org.omgijconstraint.model.multiplicity_type.must_be_unordered_nonunique";

7.6.3| MisibilityKind

This data type enumerates the three possible kinds of visibility for a Model Element outside of its container. These are:
1. “public_vis,” which allows anything that can use M odel Element’s container to also use the M odel Element.
2. ‘“protected vis,” which allows use of the Model Element within containers that inherits from this one's container.

3. “private vis,” which denies al outside access to the M odel Element.

NOTE: The rules governing visibility of ModelElements in the MOF are yet to be specified. As an interim measure, all

© ISO/IEC 2005 - All rights reserved 97


https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

Model Elements are deemed to be visible, irrespective of the “visibility” attribute settings. The IDL mapping specification
includes minimal preconditions on visibility to ensure that generated IDL is compilable (see 9.5, “Preconditions for IDL
Generation,” on page 192).

IDL

enumrvisthitityima=pubtc—visTprivate—vis;protected—visT;
7.6.4| DirectionKind
DirectionKind enumerates the possible directions of information transfer for Operation and Exception Paramefers.

IDL

enum DirectionKind {in_dir, out_dir, inout_dir, return_dir};
7.6.5| ScopeKind
ScopelKind enumerates the possible “scopes’ for Attributes and Operations:

IDL
enum ScopeKind {instance_level, classifier_level};

7.6.6| AggregationKind

AggregationKind enumerates the possible aggregation semantics for Associations (specified via AssociationErds).

NOTE:| Aggregation semanticsin the MOF isintended to be aligned with UML. Unfortunately, the OMG UML specification

does npt define the meaning of “shared” aggregation for UML. As an interim measure, the use of “shared” aggregation in

MOF meta-modelsis discouraged.

IDL

enum AggregationKind{aonhe, shared, composite};
7.6.7| EvaluationKind
EvaluationKind enumerates the possible models for Constraint evaluation.

Contginer

Constramt

IDL

enum EvaluationKind {immediate, deferred};
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7.7 MOF Model Exceptions

The following exceptions are contained in the MOF Model Package. The generated IDL interfaces for the MOF Model
make use of more exceptions, which are defined in the Reflective Package (see the Reflective Type Packages clause) and
assigned to operations based on criteria determinable during generation.

7.7.11 NameNotFound

The NemeNotFound exception is raised when a lookup of a simple name has failed.

paramiters

namg : out String

The name parameter gives the string value that could not be found in the Namespace ol extended Namespace sgarched by
the opgration.

Contginer

Namegpace
7.7.2] NameNotResolved

The NameNotResolved exception is raised when resolution of a quaified name has failed.

paramiters

explanation : out String
restOfName : out String (multiplicity: zero or more; ordered; not unique)

The restOfName parameter containsthat part of the qualified name that was not resolved. The explanation parameter can
have the following values with the cerresponding interpretation:

« | “InvalidName’: the first.name in restOfName was malformed.
+ | “MissingName’ -thefirst name in restOfName could not be resolved as no name binding exists for that narpe.
« [ “NotNameSpace”: the first name in restOfName did not resolve to a NameSpace when a NameSpace was gxpected.

« [ “CannotRroceed”: the first name in restOfName could not be resolved (for any other reason).

Contginer

Namespace

7.8 MOF Model Constants

The following Constants form part of the MOF Model.
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7.8.1 Unbounded

This constant is used in the context of Multiplicity Type to represent an unlimited upper bound on a cardinality (see 7.6.1,
“PrimitiveTypes used in the MOF Model,” on page 96). Its type is Integer.

Container
Model

IDL

cgnst long UNBOUNDED = -1;
7.8.2| The Standard DependencyKinds

These [constants (ContainerDep, ContentsDep, SignatureDep, ConstraintDep, Constrai nedElementsDep,
SpecigizationDep, ImportDep, TypeDefinitionDep, ReferencedEndsDep, TaggedElementsDep, IndirectDep, and AllDep)
denotq the standard dependency categories and pseudo-categories. Their typesare al String.

When p M odel Element depends on a second model element under one kind 'of dependency; and the second modgl element
depends on a third under some other kind of dependency; then the firstdM odel Element depends on the third
Model Element. However, the kind of dependency cannot be specified; based on the other two dependency kinfls, except
to catggorize the dependency as indirect.

Refer {0 7.4.1, “ModelElement (abstract),” on page 41 and ¥.5.9, “DependsOn (derived),” on page 93 for detalled
explangtions.

Contginer
M odel Element

IDL

canst wstring CONTAINER_DER-= "container";

canst wstring CONTENTS-DEP = "contents";

canst wstring SIGNATURE-DEP = "signature";

canst wstring CONSTFRAINT_DEP = "constraint";

canst wstring CONSTFRAINED_ELEMENTS_DEP = "constrained elements";
canst wstring SPECIALIZATION_DEP = "specialization";

canst wstring IMPORT_DEP ="import";

canst wstring,/ TYPE_DEFINITION_DEP = "type definition";
canst wstring REFERENCED_ENDS_DEP ="referenced ends";
canstwstring TAGGED_ELEMENTS_DEP = "tagged elements";
canstwstring INDIRECT_DEP = "indirect";

const wstring ALC_DEP = all",
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7.9

7.9.1

ISO/IEC 1950

MOF Model Constraints

MOF Model Constraints and other M2 Level Semantics

2:2005(E)

This sub clause defines the semantic constraints that apply to the MOF Model. These are expressed as M2-level

Constraipts-and-are-formalhv—part-of-the-MOE-Model(i-e—theyv-are-a-required-part-of-a-representation-of-the-M
HS-aRc-aFe+HoHRaHY-Pa—oHHe M- G—A-Bae—1-8—R8y—-are-a-+equH-eapaH—-o—a-+8pt HaH-BR-0+te+

as MG

The sy
Associ
seman
how th

NOTE!
MOF |
the OCQ

approg

7.9.2

7.9.2.

The M

F Model

F meta-objects or in the MOF Model / XMI interchange format).

b clause aso provides OCL semantic specifications for most M2-level Operations, derived Attributes, al
ations in the MOF Model, and for a collection of “helper” functions used by them and the Constraints.

ey should be represented.
The use of OCL in the MOF Model specification does not imply arequirement to.use‘OCL evaluation asf

L rulesto make evaluation more efficient. For example, the Constraint OCL could be rewritten as pre-condit
riate mapped update operations.

Notational Conventions

| Notation for MOF Model Constraints

2-level Constraints on the MOF Model are described itkthe following notation:

[C-xxx] ConstraintName

evaluation policy: immediate or deferred

descr,

ption: brief english deseription

conte
inv:

The m

Kkt SomeClassifierName

paning of the above is asfolows:
“[C-xxx]" isthe cross¥eference tag for the Constraint used el sewhere in this document.

“ConstraintNanie” is the name for the Constraint in the MOF Model. The IDL mapping uses this nameto g
MofError “kind” string for the Constraint. These strings appear in the generated IDL for the MOF Model, &
in 9.8.165\" Constraint Template,” on page 245.

The “evaluation policy” states whether the Constaint should be checked on any relevant update operation,

nd derived
These

ic specifications need not be present in a representation of the MOF Model. Indeed, this doeument does ot specify

art of a

lodel server’simplementation. Furthermore, if that approach is used, it is anticipated that the implementor npay rewrite

onson the

roduce the
5 described

br whether

checking should be deferred until full meta-model validation istriggered. It defines the Constraint’s

evauationPoticy - valte:

The“description” isabrief non-normative synopsis of the Constraint. It could be used as the Constraint’s “ annotation”

value.

The OCL for the Constraint is defined using the OCL syntax defined in UML 1.3.

The OCL for the Constraints start with a “context” clause that names a ModelElement in the MOF Model. This serves
two purposes:
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1

2.

It defines the context in which the OCL constraint should be evaluated (i.e., the M3-level Class or DataType whose

instances are constrained by the OCL).

It defines the “ constrainedElements’ and “container” for the Constraint.

While the OCL for the Constraints are mostly expressed as invariants, this should not be taken literally. Instead, the
Constraint OCl should be viewed as:

3

The C

apre-condition on the relevant IDL operations for “immediate” Constraints, or

apart of the specification of Model Element’s “ verify” Operation for “deferred” Constraints.

(“Congtrains’) asingle Classifier, and each one is defined to be contained by the Classifier thatit-applies. The

attribul

“expreg

MOF

fe of each Constraint is either “MOF-OCL” (for those with complete OCL specifications) or “Other.” T

Model server’s implementation.

7.9.2.2 Notation for Operations, derived Attributes and derived Association

The sg

the following notation:
[O-x%x] Model ElementName
kind: classification
descr|ption:; brief english description

contekgt ClassifierName: :OperationName(....)

post:

or

conte
post:

or

result = ...

ikt ClassName: :AttributeName ()
result = ...

contekt ClassName: :ReflerenceName ()

post:
The m

102

result = . . ¢

Paning of thesabove is as follows:

pnstraints in the MOF Model are expressed as restrictions on either Classes or DataTypes.\Each one applies to

language”
he

ssion” attribute should be the normative OCL defined here, even if different (but.equivalent) OCL isused in a

Imantics of M2-level Operations, derived Attributes, and derived Associations on the MOF Model are dgscribed in

“[O-xxX]™ is the cross reference tag for the semantic description that may be used el sewhere in this document.

manticsis

‘Model ElementName” is the name of the Attribute, Operation, or Association in the MOF Model whose s4

described:

The “classification” describes the kind of the Model Element (e.g., “readonly derived Attribute” or “ query Operation”).

The “description” is a brief non-normative synopsis of the semantics.

The OCL is expressed using the OCL syntax defined in the UML 1.4 specification (http://www.omg.org/technology/
documents/formal/mof.htm). The “ context” clause names an “abstract” operation or method on an M1 level interface
whose semanticsis specified. The name of the real operation(s) or method(s) will depend on the mapping. The

semantics are expressed as post-conditions for these methods.
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3 Notation for Helper Functions

OCL Helper Functions are described in the following notation:

[S-xxx] HelperName

descr

[t s C TR T s
PUUIl. PITEl SIyiisiT USSLITPU O

contelxt ClassifierName: :HelperName(...)

post:

The meaning of the above is as follows:

3

7.9.3

The OCL language was designed as a part of the UML spegification. As such, the OCL semantics are specifie
of UM|L concepts and constructs. Some of these concepts do not match MOF concepts exactly. Accordingly,
necessary to reinterpret parts of the OCL specification=so that it can be used in MOF Model’s Constraints and

seman

7.9.3.

In the

Associlations. Consider an OCL expression of the form:
<gxpr> “.” <identifiex>
Assun)ing that “<expr>" evaluates to an object, the value of the expression is either the value of an Attribute

“<identifier>" for the abject or another object obtained by navigating a link in a binary Association which has
“<jiderftifier>" as an‘A'ssociation End name.

In this|context (ie, the definition of the MOF Model), the “<identifier>" isinterpreted differently. In the MOF
interfaces forsnavigating Associations are specified using References rather than AssociationEnds. Thus in the

VErsiol
How

result = ...

“[S-xxx]" isthe cross reference tag for the hel per function that may be used el sewhere-in this document.
“HelperName” is the name of the Helper Function.
The “description” isabrief non-normative synopsis of the Helper’s semantics:

The OCL for the Helper is defined using the OCL syntax defined in UMLL.1.3. The “context” clause names
helper function on a M odel Element whose semantic is then specified=These notional functions are not inte|
callable by client code.

OCL Usage in the MOF Model specification

ics aspects of the MOF Model.
| UML AssociationEnds versus"MOF References

lUML version of OCL, the dot (-.2) and arrow (“->") operators are used to access Attribute values, and t

h of @CL, link navigation is expressed using the name of a Reference for the “<expr>" object as the “<id

anotiona
nded to be

d in terms
tis
other

D navigate

hamed

Model, the
MOF
entifier>.”

er-the overall meaning is analogousto the UUMI case

7.9.3.2 Helper functions are not MOF Operations

In the

UML version of OCL, object behavior is invoked by an expression of the form:

<expr> “.” <identifier> “(“ ... “)”

where

“<identifier>" names a UML Operation or Method on the object obtained by evaluating “<expr>."
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In the MOF Model specification, the above expression invokes behavior defined by either a MOF Operation, or a helper
function. The distinction between conventional UML and its usage here is that helper functions have no defined
connection with any internal or external interfaces in a MOF Model server. Indeed, they need not exist at all as
implementation artifacts.

7.9.3.3 Post-conditions on MOF Model objects

Rules [C-2] on page 105, [C-3] on page 106, and [C-4] on page 106 are intended to define post-conditions on|all
operations on ModelElement objects. This is expressed in the MOF Model OCL by giving a Class rathier-than|an
Operatjion as the “context” for the OCL rules. It is not clear that thisis alowed by UML OCL.

7.9.3.4 OCL evaluation order

The UML OCL specification does not define an evaluation order for OCL expressions ifygeneral, and for boolean
operators in particular. This is OK when OCL is used as an abstract specification languiage, as it isin the UML
specification. However it causes problems when OCL expressions may be directlyevaluated. These problemdarise in
OCL that traverses cyclic graphs (e.g., [O-1] on page 131) or raises exceptionsi(e.g., [S-6] on page 127).

The M|IOF Model semantic specification touches on some of these issues (e, when traversing a cyclical Imports graph).
Therefpre, the MOF Model usage of OCL makes the following assumptions about OCL expression evaluation|order:

« | Ingeneral, aMOF OCL expression isassumed to be evaluated by eval uating its sub-expressionsin order, stprting with
the leftmost sub-expression and ending with the rightmost T, he sub-expressions are delimited according tofthe

standard OCL operator precedence rules. If evaluation of‘one of the sub-expressions raises an exception, thgremaining
sub-expressions are not evaluated.

« | The above does not apply to the boolean operators “and,” “or,” “implies,” and “if-then-else.” These are ejaluated
with short-circuiting as follows:

« In the expression “<exprl> and <exprz>,” “<expr2>" isonly evaluated if “<exprl>" evaluatesto true.
« In the expression “<exprl> or <expr2>," “<expr2>" isonly evaluated if “<exprl>" evaluatesto false.
« In the expression “<expr1>dmplies <expr2>,” “<expr2>" isonly evaluated if “<exprl>" evaluatesto tfue.
« In the expression “if <eXpr1>then <expr2> else <expr3> endif,” “<expr2>" isonly evaluated if “<exgr1>"
evaluates to true, and+ <expr3>" isonly evaluated if “<exprl>" evaluatesto false.

7.9.3.%5 “OclType::alllnstances”

In UM[L OCL, thetype.alllnstances() is defined to return:
“Tlhe set of @l instances of type and al of its subtypesin existence at the moment in time that the expression is pvaluated.”

In[theM OF Model OCL, this expression is used to refer to the set of all instances that exist within a given outermost
P4ckage extent. (Any OCL expression that required the enumeration of all instances in existence “anywhere” would be
problematical, since a MOF repository does not exist in a closed world.)

7.9.3.6 “OclType::references”

The MOF Model OCL in rule Clause [C-4] assumes that the signature of OclType (as defined in the UML OCL
specification) is extended to include an operation called “references.” This is assumed to behave like the “attributes’
operation, except that it returns the names of an (M3-level) Classes’ References.
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7.9.3.7 Foreign types and operations

Some of the MOF Model OCL rules make use of types and operations that are not predefined in OCL, not defined as

Operati

ons in the MOF Model, and not defined as Helper functions. Examples include:

Rule [C-3] on page 106 makes uses of the CORBA Obj ect::non_existent operation to assert that an object must

7.9.4| The MOF Model Constraints
[C-1] MustBeContai nedUnl essPackage
format1: MUST_BE_CONTAINED_UNLESS PACKAGE
formIiZ: must_be_contained_unless_package
evaluation policy deferred
descrjption: A ModelElement that is not a Packagemust have a container.

contekt ModelElement

inv:
nqt self.oclIsTypeOf (Package) implies
self.container -> size =1
[C-2] FrozenAttributesCannotBeChanged
formﬁl: FROZEN_ATTRIBUTES_CANNOT_BE_CHANGED
format2; frozen_attributes cannot_be_changed
evalugtion policy mmediate
descrjption: The attribute values of a ModelElement that is frozen cannot be changed.

contekt ModelElement

inv:

T Lol LLhff el
CUI IlII uc lU C/\IOL TTIo VWWUUTU VT TANTCOOCU UTNTTer Tt y 1t UI.I 1T CUI ILC/\LD-

Rules [C-2] on page 105 and [C-4] on page 106 use operations defined in the RefObject and RefBase®hjec

that aMOF Model server is required to make these objects available at runtime.

S€

© 1S0/I

. . L)
H‘F‘P@'ﬁeﬁ"—w =35

let myTypes = self.oclType() -> allSupertypes() ->
includes (self.oclType()) in

let myAttrs : Set (Attribute) =
self .RefBaseObject: :refMetalObject () ->

asOclType (Class) ->
findElementsByTypeExtended (Attribute) in
myAttrs -> forAll(a |
self.RefObject: :refvValue@pre(a) =
self.RefObject: :refvValue(a))

EC 2005 - All rights reserved
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[C-3] FrozenElementsCannotBeDel eted

format1: FROZEN_ELEMENTS_CANNOT_BE_DELETED

format2: frozen elements cannot be deleted

evalugtion policy immediate

descr|ption: A frozen ModelElement that is in a frozen Namespace can only be deleted, by deleting the
Namespace.

contekgt ModelElement
post:
(delf.isFrozenepre () and
elf.container@pre -> notEmpty and
elf.container.isFrozene@pre()) implies
(delf.container.Object::non existent () or
fot self.Object::non existent())

[C-4] FrozenDependenciesCannotBeChanged

format1: FROZEN_DEPENDENCIESS€ANNOT_BE_CHANGED

formiz: frozen_dependencies _cannot_be changed

evalugtion policy immediate

descr|ption: The link sets that\express dependencies of a frozen Element on other Elements cannot be

explicitly changed.

contekt ModelElement

post:
sgqlf.isFrozen() dmplies
let myClasSes = self.oclType() -> allSupertypes() ->
includes (self.oclType()) in
let-myRefs = Set (Reference) =
self .RefBaseObject: :refMetaObject () ->

asOclType (Class) ->
findElementsByTypeExtended (Reference) in
let myDepRefs = myRefs ->
select (r |

Set{“contents”, “constraints”, “supertypes”,
“type”, “referencedEnd”, “exceptions”,
“importedNamespace”, “elements”} ->
includes (r.name)) in

myDepRefs ->

forAll (r |

self.RefObject: :refvValue@pre(r) =
self.RefObject: :refvalue(r))
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[C-5] ContentNamesMustNotCol lide

format1: CONTENT_NAMES_MUST_NOT_COLLIDE

format2: content names must not collide

eval uation policy immediate

descrjption: The names of the contents of a Namespace must not collide.

conteEt Namespace

inv: |gelf.contents.forAll (
el, e2 | el.name = e2.name implies rl = r2)
[C-6] SupertypeMustNotBeSel f
format1: SUPERTYPE_MUST_NOT_BE_SELF
formEZ: supertype_must_not_be self
evalugtion policy immediate
descr]ption: A Generalizable Element cannot be its own direct or indirect supertype.

conteEt GeneralizableElement

inv: [gelf.allSupertypes() -> forAll(s | s <> self)

[C-T7] SupertypeKindM ustBeSame

format1: SUPERTYPE_KIND_MUST _BE_SAME

formIiZ: supertype_kind_must_be same

eval uation policy immediate

descrjption: A supertypes of a Generalizable Element must be of the same kind as the

GeneralizableElement itself.

context GeneralizableElement
inv: self.supertypes -> forAll (s | s.oclType() = self.oclType())
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[C-8] ContentsM ustNotCollideWithSupertypes

format1: CONTENTS MUST_NOT_COLLIDE_WITH_SUPERTY PES

format2: contents must not collide with supertypes

evalugtion policy immediate

descr|ption: The names of the contents of a GeneralizableElement should not collide with'the hames of

the contents of any direct or indirect supertype.

contekt GeneralizableElement

inv:
14t superContents = self.allSupertypes() ->
collect (s | s.contents) in
sglf.contents -»>
forAll (ml |
superContents ->
forAll (m2 |
ml.name = m2.name implies ml = m2))
[C-9] DiamondRuleM ustBeObeyed
formI:L DIAMOND_RULE_MUST BE_OBEYED
format2: diamond_rule_mustl-be obeyed
evalugtion policy immediate
descr]|ption; Multiple inheritance must obey the “Diamond Rule.”

contekt GeneralizableBlement

inv:
l4t superNamespaces =
self.s{ipertypes -> collect(s | s.extendedNamespace) in
syperNamespages -> asSet -> isUnique(s | s.name)
[C-1Q] NoSupertypesAllowedForRoot
format1: NO_SUPERTYPES ALLOWED_FOR_ROOT
format2: no_supertypes_allowed_for_root
evaluation policy immediate
description: If a Generalizable Element is marked as a “root,” it cannot have any supertypes.
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context GeneralizableElement
inv: self.isRoot implies self.supertypes -> isEmpty

[C-11] SupertypesMustBeVisible
formtlz SUPERTYPES MUST_BE_VISIBLE
format2: supertypes must_be visible

evaluation policy

descrjption:

deferred

A Generalizable Element’s immediate supertypes must all be visibleta'it.

conteEt GeneralizableElement

inv:

[C-17]
format1:
formEZ:
eval uation policy

descrjption:

elf.supertypes -> forAll(s | self.isVisible(s))

NoSubtypesAllowedForl eaf

NO_SUBTYPES ALLOWED_FOR.LEAF
no_subtypes allowed for_leaf

immediate

A GeneralizableElement cannot inherit from a GeneralizableElement defined as a

conteEt GeneralizableElement

inv:

[C-13]
format1:
formEZ:
eval uation poliCy

descrjption:

elf.supertypes -> forAll (sr | not s.isLeaf)

Associ ationsCannotBeTypes
ASSOCIATIONS _CANNOT_BE_TYPES
associations_cannot_be types

immediate

An Association cannot be the type of a TypedElement.

context TypedElement

inv: not self.type.oclIsKindOf (Association)
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[C-14]
format1:
format2:

TypeMustBeVisible
TYPE_MUST_BE_VISIBLE

type must be visible

evalugtion policy

descr]|ption:

contekt TypedElement

deferred
A TypedElement and only have a type that is visible to it.

inv: gelf.isVisible (self.type)

[C-15]
format1:
formItZ:
evalugtion policy

descr|ption:;

contekt Class
inv:

ClassContainmentRules
CLASS CONTAINMENT_RULES
class_containment_rules

immediate

A Class may contain only Classes, DataTypes, Attributes, References, Operations,

Exceptions, Constants, Constraints, and Tags.

Set{Class, DataType, Attributey. Reference, Operation,

[C-16]
format1:
formItZ:
evalugtion pelicy

descr]|ption:

Exception, Constant,tConstraint, Tag} ->
includesAllAself.contentTypes())

AbstractClassesCannotBeSingleton
ABSTRACT_CLASSES CANNOT_BE_SINGLETON
abstract_classes_cannot_be_singleton

deferred

A Class that is marked as abstract cannot also be marked as singleton.

context Class

inv: self.isAbstract implies not self.isSingleton

110
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[C-17] DataTypeContainmentRules

format1: DATA_TYPE_CONTAINMENT_RULES

format2: data type containment rules

eval uation policy immediate

descrjption: A DataType may contain only TypeAliases, Constraints, Tags (or in the case of

StructureTypes) StructureFields.

contexkt DataType
inv:
iff self.oclIsOfType (StructureType)
then
Set{TypeAlias, Constraint, Tag, StructureField} -»>
includesAll (self.contentTypes())
else
Set{TypeAlias, Constraint, Tag} ->
includesAll (self.contentTypes())
[C-18] <Placeholder for a deleted constraint>
[C-19] DataTypesHaveNoSupertypes
fOI’mIil: DATA_TYPES HAVE_NO_SUPERTY PES
format2: data_types_have no_supertypes
evalugtion policy immediate
descrjption: Inheritance / generalization is not applicable to DataTypes.

conteEt DataType

inv:

elf.supertypes -> isEmpty

[C-20] DataTypesCannotBeA hsfract
format1: DATA_TYPES_CANNOT_BE_ABSTRACT
format2: data_types _cannot_be abstract
evaluation policy immediate
description: A DataType cannot be abstract.
© ISO/IEC 2005 - All rights reserved

111


https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

context DataType

inv: not self.isAbstract

[C-21]

ReferenceM ultiplicityMustM atchEnd

formIL.
format2:
evalugtion policy

descr|ption:;

conteEt Reference
inv: gelf . multiplicity

[C-27]
format1:
formItZ:
evalugtion policy

descr|ption:

conteEt Reference
inv:

[C-23]
formIil:
format2:

evalugtion policy

descrhpti

context Reference
inv: self.isChangeable

112

elf.scope = #instancel\level

REFERENCE_MULTIPCICITY _MUST_MATCH_END
reference_multiplicity_must_match end
deferred

The multiplicity for a Reference must be the same as the multiplicity/for the referenced
AssociationEnd.

= self.referencedEnd.multiplicity

ReferenceM ustBel nstanceScoped
REFERENCE_MUST_BE_INSTANCE_SCOPED
reference_must_be instance scoped

immediate

Classifier scoped References are not meaningful in the current M1 level computatipnal
model.

Changeabl eReferenceM ustHaveChangeableEnd
CHANGEABLE_REFERENCE_MUST_HAVE_CHANGEABLE_END

changeable reference_must_have changeable end

deferred

= self.referencedEnd.isChangeable
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[C-24] ReferenceTypeMustMatchEndType
format1: REFERENCE_TYPE_MUST_MATCH_END_TYPE
format2: reference type must_match end type

evaluation policy

descrjption:

conteEt Reference
inv:

[C-258]
format1:
formEZ:
evaluation policy

descrjption:

conteEt Reference
inv:

[C-26]
format1:
formItZ:
evaluation policy

descrjption:

elf.type = self.referencedEnd.type

elf.referencedEnd.isNavigable

deferred

The type attribute of a Reference and its referenced AssociationEnd must be the sgme.

ReferencedEndM ustBeNavigable
REFERENCED_END_MUST_BE_NAVIGABLE
referenced_end_must_be navigable

deferred

A Reference is only allowed for.a havigable AssociationEnd.

ContainerM ustM atchExposedType
CONTAINER_MUST_MATCH_EXPOSED_TYPE
container_must_match_exposed type

deferred

The containing Class for a Reference must be equal to or a subtype of the type of the

Reference’'s exposed AssociationEnd.

context—Refererce

inv:

self.container.allSupertypes() -> including(self) ->
includes (self.referencedEnd.otherEnd. type)
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[C-27] ReferencedEndMustBeVisible

format1: REFERENCED_END_MUST_BE_VISIBLE

format2: referenced end must be visible

evalugtion policy deferred

descr|ption; The referenced AssociationEnd for a Reference must be visible from the Referenca.

contekt Reference
inv: gelf.isVisible (self.referencedEnd)

[C-2§] OperationContainmentRul es

format1: OPERATION_CONTAINMENT_RULES

formItZ: operation_containment_rules

evalugtion policy immediate

descr|ption: An Operation may only containsParameters, Constraints, and Tags.

contekt Operation

inv:
sdt {Parameter, Constraint, Tag}«s>

includesAll (self.contentTypes())

[C-29] OperationsHaveAtM ostOneReturn

formatl: OPERATIONS HAVE _AT_MOST_ONE_RETURN

formIiZ: operations_have _at_most_one_return

evalugtion policy. immediate

descr|ption; An Operation may have at most one Parameter whose direction is “return.”

context Operation

inv:
self.contents ->
select (c | c.oclIsTypeOf (Parameter)) ->
select (p : Parameter | p.direction = #return dir) ->
size < 2
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[C-30] OperationExceptionsMustBeVisible

format1: OPERATION_EXCEPTIONS MUST_BE_VISIBLE

format2: operation_exceptions must be visible

evaluation policy deferred

descrjption: The Exceptions raised by an Operation must be visible to the Operation.

conteEt Operation

inv: [gelf.exceptions -> forAll (e | self.isVisible(e))

[C-31] ExceptionContainmentRules

format1: EXCEPTION_CONTAINMENT_RULES

formItZ: exception_containment_rules

eval uation policy immediate

descrjption: An Exception may only containParameters and Tags.

contelxt Exception

inv: Set{Parameter, Tag}) -> includesill (self.contentTypes())
[C-32] ExceptiansHaveOnlyOutParameters
format1: EXCEPTIONS HAVE_ONLY_OUT_PARAMETERS
formItZ: exceptions_have only_out_parameters
eval uation policy immediate
descrjption: An Exception’s Parameters must all have the direction “out.”

contert Exception
inv:

self.contents ->
select (¢ | c.oclIsTypeOf (Parameter)) ->
forAll (p : Parameter | p.direction = #out dir)
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[C-33] AssociationContainmentRul es

format1: ASSOCIATIONS_CONTAINMENT_RULES

format2: associations containment rules

evalugtion policy immediate

descr|ption: An Association may only contain AssociationEnds, Constraints, and Tags.

context Association
inv:

sdt {AssociationEnd, Constraint, Tag} ->
includesAll (self.contentTypes())

[C-34] AssociationsHaveNoSupertypes

formatl: ASSOCIATIONS HAVE_NO_SUPERTY PES

formIZ: associations_have_no_supertypes

evalugtion policy immediate

descr|ption: Inheritance / generalization i$ not applicable to Associations.

conteEt Association
inv: gelf.supertypes -> isEmpty

[C-39] AssaociationM ustBeRootAndL eaf

format1: ASSOCIATIONS MUST_BE_ROOT_AND_LEAF

formIiZ: associations_ must_be root_and_|eaf

evalugtion policy. immediate

descr|ption; The values for “isLeaf” and “isRoot” on an Association must be true.

context Association
inv: self.isRoot and self.isLeaf
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[C-36] Associ ationsCannotBeA bstract

format1: ASSOCIATIONS_CANNOT_BE_ABSTRACT
format2: associations cannot be abstract

eval uation policy immediate

descrjption: An Association cannot be abstract.

contelxt Association
inv: pot self.isAbstract

[C-37] AssociationsMustBePublic

format1: ASSOCIATIONS MUST_BE_PUBLIC
formI:Z: associations_must_be public

eval uation policy immediate

descrjption: Associations must have visibility‘of “public.”

conteEt Association
inv: |self.visibility = #public vis

[C-3§] AssociationsM ustNotUnary

format1: ASSOCIATIONS MUST_NOT_BE_UNARY

formI:Z: associations_must_be not_unary

eval uation policy immediate

descrjption: An Association must not be unary; that is, it must have at least two AssociationEngis.

contekt Association

inv: contents
select (¢ | c.ocllstTypeOf (AssociationEnd)) -> size = 2
[C-39] EndTypeMustBeClass
format1: END_TYPE_MUST_BE_CLASS
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format2: end_type must_be class
evaluation policy immediate
description: The type of an AssociationEnd must be Class.

contett AssociationEnd
inv: pelf.type.oclIsTypeOf (Class)

[C-40Q] EndsMustBeUnique

format1: ENDS MUST_BE_UNIQUE

formIZ: ends_must_be unique

evalugtion policy immediate

descr|ption: The “isUnique” flag in an AssociationEnd’' s mahiplicity must be true.

contekt AssociationEnd

inv:
(delf.multiplicity.upper > 1 or
jelf.multiplicity.upper = UNBOUNDED) implies
self .multiplicity.isUnique
[C-41] CannotHaveTivaOrderedEnds
formIl: CANNQTYHAVE_TWO_ORDERED_ENDS
format2: cannot-have two_ordered ends
evalugtion policy deferred
descr|ption; An AssociationEnd cannot have two AssociationEnds marked as “ordered.”

contekt AssocidtionEnd

inv:
sglfimultiplicity.isOrdered implies

not self.otherEnd.multiplicity.isOrdered

[C-42] CannotHaveTwoA ggregateEnds
format1: CANNOT_HAVE_TWO_AGGREGATE_ENDS
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format2: cannot_have two_aggregate ends
evaluation policy deferred
description: An AssociationEnd cannot have an aggregation semantic specified for both AssociationEnds.

conteLt AssociationEnd
inv:
sglf.aggregation <> #none implies self.otherEnd = #none

[C-43] PackageContainmentRules

format1: PACKAGE_CONTAINMENT_RULES

formItZ: package containment_rules

eval uation policy immediate

descrjption: A Package may only contain Packages, Classes, DataTypes, Associations, Exceptians,

Congtants, Constraints, Imports, and Tags.

context Package
inv:
Set{Package, Class, DataType, Associatiou, Exception,
Constant, Constraint, Import, Tag}) ->
includesAll (self.contentTypes)

[C-44] PackagesCannotBeA bstract

format1: PACKAGES CANNOT _BE_ABSTRACT
formIIZ: packages cannot_be abstract

eval uation policy immediate

descrjption: Packages cannot be declared as abstract.

contelxt. Package
inv: pot/ self.isAbstract

[C-45] ImportedNamespaceMustBeVisible
format1: IMPORTED_NAMESPACE_MUST_BE_VISIBLE
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format2: imported _namespace must_be visible
evaluation policy deferred
description; The Namespace imported by an Import must be visible to the Import’s containing Package.

contett Import
inv: pelf.container.isVisible (self.importedNamespace)

[C-44] CanOnlylmportPackagesAndClasses

format1: CAN_ONLY_IMPORT_PACKAGES AND_CLASSES

formIZ: can_only_import_packages and_classes

evalugtion policy immediate

descr|ption: It isonly legal for a Package to import or cluster Packages or Classes.

contekt Import

inv:
sgqlf.imported.oclIsTypeOf (Class) or
sgqlf.imported.oclIsTypeOf (Package)

[C-41] Cannotl mportSelf

format1: CANNOT_IMPORT_SELF

formI:Z: cannot-import_self

evalugtion policy deferred

descr]|ption:; Packages cannot import or cluster themselves.

context Import
inv: pelf.contdiner <> self.imported

[C-48] Cannotl mportNestedComponents
format1: CANNOT_IMPORT_NESTED_COMPONENTS
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format2: cannot_import_nested_components
evaluation policy deferred
description: Packages cannot import or cluster Packages or Classes that they contain.

conteLt Import

inv: phot self.container.allContents() -> includes(self.imported)
[C-49] NestedPackagesCannotI mport
format1: NESTED_PACKAGES_CANNOT_IMPORT
formEZ: nested_packages_cannot_import
evaluation policy deferred
descrjption: Nested Packages cannot import or cluster othet’ Packages or Classes.

context Import

inv:
sglf.container -> notEmpty implies

self.container -> asSequence -> fixst -> container -> isEmpty

[C-50] CannotConstrainThisElement

format1: CANNOT_CONSTRAIN_THIS_ELEMENT

formItZ: cannot-Constrain_this_element

eval uation policy immediate

descrjption: Congtraints, Tags, Imports, and Constants cannot be constrained.

context Constraint
inv:
sglf.censtrainedElements ->
forall (c |
not Set{Constraint, Tag, Imports, Constant} ->
includes (c.oclType())
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its

[C-51] ConstraintsLimitedToContainer
format1: CONSTRAINTS_LIMITED_TO_CONTAINER
format2: constraints limited to container
evalugtion policy deferred
descr]|ption:; A Constraint can only constrain Model Elements that are defined by or inhérited by
immediate container.
contekt Constraint
inv:
sglf.constrainedElements ->
forAll(c | self.container.extendedNamespace() ->
includes(c))
[C-57] ConstantsValueM ustM atchType
formItl: CONSTANTS_VALUE_MUST_MATCH_TYPE
format2: constants_value_must_match.type
evalugtion policy deferred
descr|ption: The type of a Constant:and its value must be compatible.

contekt Constant

inv:

[C-53

evalu

descr

formI:L
format2:

]

gtion pelicy

ption:

ConstantsTypeMustBePrimitive

CONSTANTS_TYPE_MUST_BE_PRIMITIVE

constants_type_must_be primitive

immediate

The type of a Constant must be a PrimitiveType.

context Constant

inv:

self.type.oclIsOfType (PrimitiveType)
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[C-54] L owerCannotBeNegativeOrUnbounded
format1: LOWER_CANNOT_BE NEGATIVE_OR_UNBOUNDED
format2: lower cannot be negative or unbounded

eval uation policy

descrjption:

immediate

The “lower” bound of a MultiplicityType to be “Unbounded.”

conteEt MultiplicityType

inv:

[C-58]
format1:
formItZ:
eval uation policy

descrjption:

elf.lower >= 0 and self.lower <> Unbounded

L owerCannotExceedU pper
LOWER_CANNOT_EXCEED_UPPER
lower_cannot_exceed_upper

immediate

The “lower” bound of a Multiplicity Type cannot exceed the “upper” bound.

conteEt MultiplicityType

inv:

[C-58]
format1:
formItZ:
eval uation policy

descrjption:

elf.lower <= self.upper or self\lupper = Unbounded

UpperMustBePositive
UPPER_MUST_BE_POSITIVE
upper_must_be positive
immediate

The “upper” bound of a MultiplicityType cannot be less than 1.

context MultiplicityType
inv: ﬁegg upper—>=—1—or—selfupper—Unbounded
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[C-57] MustBeUnorderedNonunique

format1: MUST_BE_UNORDERED_NONUNIQUE

format2: must be unordered nonunigue

evalugtion policy immediate

descr|ption:; If a MultiplicityType specifies bounds of [0..1] or [1..1]), the “is_ordered” @nd “is |unique”

values must be false.

contekt MultiplicityType

inv:
sg¢lf.upper = 1 implies

(not self.isOrdered and not self.isUnique)

[C-54] StructuredFieldContainmentRul es

format1: STRUCTURE_FIELD_CONTAINMENT_RULES
formItZ: structure_field _containment_rules

evalugtion policy immediate

descr]|ption: A StructureField contains €Constraints and Tags.

contekt StructureField
inv:
sdt{ Constraint, Tag}) ,~>.‘includesAll (self.contentTypes)

[C-59] MustHaveFields

formgtl: MUST_HAVE_FIELDS

formrz: must_have fields

evalugtion pelicy deferred

descr]|ption: A StructureType must contain at least one StructureField.

context StructureType
inv:
self.contents -> exists(c | c.oclIsOfType (StructureField))
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7.9.5 Semantic specifications for some Operations, derived Attributes and Derived
Associations

[S_]_] allS. |rr_\nrf\Jlrr_\m
kind: query Operation
descrjption: The value is the closure of the *Generalizes' Association from the perspective of alsubtype.

Note that the sequence of all supertypes has a well defined order.

contelxt GeneralizableElement::allSupertypes ()
Sequence (GeneralizableElement)
post:| result = self.allSupertypes2 (Set{})

[S-2] otherEnd

kind: query Operation

descrjption: The value is the other AssociationEnd for this Association.
contelxt AssociationEnd::otherEnd() : Assoc¢iationEnd
post:| result = self.container.contents %>

sglect (c | c.oclIsKindOf (AssociationEnd) and c <> self)

[S-3] isVisible
kind: query-Operation
descrjption: Determines whether or not “otherElement” is visible for the definition of this element. (Note:

As an interim measure, the OCL states that everything is visible!)

context ModedlElement::isVisible (
otherElement : ModelElement): boolean

post:| £esult = true
[S-4] findRequiredElements
kind: query Operation
description: Selects a subset of a ModelElement’ s immediate or recursive dependents.
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context ModelElement::isRequiredBecause (
kinds : Sequence (DependencyKind) ,
recursive : boolean) : Sequence (ModelElement)

post: result =
if kinds -> includes(“all”)

tHen
self.findRequiredElements (
Set{“constraint”, “container”, “constrained elements”,
“specialization”, “import”, “contents”, “signature”,
“tagged elements”, “type definition”,
“referenced ends”})
else
if recursive
then
self.recursiveFindDeps (kinds, Set{self})
else
kinds -> collect(k : self.findDepsOfKind (k) ) (-%~asSet ()
endif
erydif
[S-5] findRequiredBecause
kind: guery Operation
descr|ption: Returns the DependencyKind'that describes the dependency between this element and

“other.”

contegt ModelElement::findRequiredElements (
other _:\\ModelElement,

reason™: out DependencyKind) : boolean
post:| -- NB, if there is nfor€ than one dependency between self
-- and™oether’, the selection of the ‘reason’ is defined
-- to~be non-deterministic ... not deterministic as a

- left to right evaluation of the OCL implies.

rdason = (
if self~=> isDepOfKind(“constraint”, other)
then
“constraint”
else
if self -> isDepOfKind(“container”, other)
then
“container”
else
if self -> isDepOfKind(“constrained elements”, other)
then
“constrained elements”
else
if self -> isDepOfKind(“specialization”, other)
then
“specialization”
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else
if self -> isDepOfKind(“import”, other)
then
“import”
else
if self -> isDepOfKind(“contents”, other)
then
“contents”
else
if self -> isDepOfKind(“signature”, other)
then
“signature”
else
if self -> isDepOfKind(“tagged elements”, other
then
“tagged elements”
else
if self -> isDepOfKind(Mtype definition”, other)
then
“type definition”
else
if self -> {sDepOfKind(“referenced ends”, |other)
then
“refekxenced ends”
else
if self -> dependsOn() -> notEmpty/()
then
“indirect”
else
endif
endif
endif
endif
endif
endif
endif
endif
endif
endif
endif ) and
rgsult = (xeason <> “")
ﬁ}G] Innkonhmnnnf
kind: query Operation
description: Returns the Model Element in the Namespace whose name is equal to “name,” or raises an

exception.
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context Namespace::lookupElement (name : string) ModelElement
post: result =
let elems = self.contents -> select(m | m.name = name) in
if elems -> size = 0
then
-- Raise exception NameNotFound
else
elems -> first -- should only be one
erldif
[S7] resolveQualifiedName
kind: query Operation
descr|ption;

Returns the Model Element that “qualifiedName” resolvestoor raises an exception

contekt Namespace::resolveQualifiedName (

qualifiedName : Sequence (string).)
pre: gualifiedName -> size >= 1

post:| result =

ModelElement

l4gt elems = self.contents ->
select (m | m.name = qualifiedName~-> first) in
iff elems -> size = 0
tHen
-- Raise exception NameNotResolvéd
else
if qualifiedName -> size =%
then
elems -> first +~ there should only be one
else
if not elemse<> first -> oclIsOfKind (Namespace)
then
--\Raise exception NameNotResolved
else
let rest = qualifiedName ->
subSequence (2, qualifiedName -> size) in
elems -> first -> resolveQualifiedName (rest)
endif
endif
endif
[S-8] NamelsValid
kind: query Operation
description;

Returns true if “proposedName’ is a valid name that could be used for a new
containedElement of this Namespace.
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context Namespace: :nameIsValid(

proposedName : string) : boolean
post: result =

self.extendedNamespace ->
forAll (e | not e.name = proposedName)

[S-9] findElementsByType
kind: query Operation
descrjption: Returns a subset of the contained elements. If “includeSubtypes’ isfa'se, the resul{ consists

of instances of “of Type.” If it is true, instances of subClasses are'included.

contelxt Namespace::findElementsByType (
ofType : Class,

includeSubtypes : boolean) : Sequence(ModelElement)
post:| result =

iff includeSubtypes

tHen
self.contents -> select(m | m.oclIsOfKind(dFType))
else
self.contents -> select(m | m.oclIsOf£Type (ofType))
erqdif
[S-1Q] |ookupel ementExtended
kind: query Operation
descr]ption: Returns the.M odel Element whose name is equal to “name” in the extended namespdce of this

GenerdizableElement, or raises an exception.

contelxt Namespace: : LegkupElementExtended (

name : string) : ModelElement
post:| result =
19t elems/=self -> extendedNamespace ->
select (m | m.name = name) in
iff elems~'-> size = 0
then

-- Rajse exception NameNotFound

else

elems -> first -- should only be one
endif
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[S-11] findElementsBy Ty peExtended

kind: query Operation

description: Returns a subset of the contained, inherited, or imported elements. If “includeSubtypes’ is
false, the result consists of instances of “of Type.” If it is true, instances of subClaspes are
included.

contegt GeneralizeableElement::findElementsByTypeExtended (
ofType : Class,
includeSubtypes : boolean) : Sequence (ModelElement)
post:| result =
ifl includeSubtypes

tHen
self.extendedNamespace -> select(m | m.oclIsOfKind (6£Type))
else
self.extendedNamespace -> select(m | m.oclIsOEType (ofType))
erydif
[S12 qualifiedName
kind: readonly derived Attribute
descr]|ption: The qualified name gives the sequence of names of the containers of this Model Elg@ment
starting with the outermost.
contegt ModelElement::qualifiedName () : Sequence (ModelElement)

post:| result =
iff self.container ->_notEmpty

tHen
self.container.qualifiedName () -> append(self.name)
else
self.néame
erjdif
[S-13 Exposes
kind: derived Association
description:; This association relates a Reference to the exposed AssociationEnd of an Association that

corresponds to its referencedEnd.
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context Reference
inv: AssociationEnd.allInstances ->

forall (

a |
self.references = a implies self.exposes = a.otherEnd and
not self.references = a implies self.exposes <> a.otherEnd)

[S-14] DependsOn

kind: derived Association

descrjption: This association relates a Model Element to the other Model Eleménts' whose definifion it

depends on.

contekt ModelElement
inv: [gelf.findRequiredElements (“all”, true)

7.9.6| OCL Helper functions

[O-1] all Supertypes2
descrjption: Helper function for the.all Supertypes operation.

contekt GeneralizableElement::allSupertypes2 (
visited : Set{GeneralizableElement))

Seqguence (GeneralizableElement)
post:| result =

iff (visited -> includes (self))
tHen
Sequenced
else
let mySupers : Sequence (GeneralizableElement) =
self.supertypes ->
collect (s |
s.allSupertypes2 (visited ->

including(self))) in
mMySuUpers -
iterate(s2 : GeneralizableElement;

a : Sequence (GeneralizableElement) = Sequence{} |
if a -> includes(s2)
then

a
else

a -> append(s2)
endif)
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[O-2] extendedNamespace

description: The extendedNamespace of a Namespace is its contents, the contents of its supertypes, and
any Namespaces that it imports.

contekt Namespace::extendedNamespace () : Set (ModelElement)
post:| result =
sglf.contents

contekt GeneralizableElement::extendedNamespace : Set (ModelElement)
post:| result =
sgqlf.contents ->

union(self.allSupertypes() -> collect(s | s.contents))
conteikt Package: :extendedNamespace : Set (ModelElement)
post:| result =
lgt ens = self.contents -»>
union(self.allSupertypes() -> collect (s | Sy'contents)) in
19t imports = ens -> select(e | e.oclKindOf (Import)) ->
collect (i : Import | i.imported) in

erls -> union (imports)

[O-3] contentTypes
descr|ption: The set of OCL types for a Namespace's contents.
contegt Namespace::contentTypes () : Set (OCLType)
post:| result = self.contents -> collect(m | m.oclType()) -> asSet
[O-4] format1Name
descr|ption: The simple name of the element converted to words and reassembled according to fthe

“format1” rules; see “IDL Identifier Format 1” on page 5-39.

context ModelElement::formatlName () : string
post: result =
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[O-5] repositoryld
description: The qualified name of the element converted into a standard CORBA repositoryld string.
contekt ModelElement::repositoryId() : string

post:| result =

[O-6] recursiveFindDeps
descrjption: The set of Model Elements that recursively depend on this.one

contelxt ModelElement: :recursiveFindDeps (

kinds : Sequence (string),
seen : Set (ModelElement)) : SetdModelElement)
post:| result =
lgt seen2 = seen ->
collect (m | kinds ->
collect (k | m. findDepsOfKind (k) ) *-> asSet) in
iff seen2 = seen
tHen
seen
else
self.recursiveFindDeps (kindss seen2)
erjdif
[O-7] isDépefKind
descrjption: Returns true if this element depends on ‘other’ with a dependency of ‘kind.’

contelxt ModelEIlement : :isDepOfKind (

kind : string,

other : ModelElement) : boolean

post:| result = self -> findDepsOfKind(kind) -> includes (other)

[O-§] final DepsOfKind
description: The set of Modelelements that this one Depends on with “kind” dependency.
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context ModelElement: :findDepsOfKind (

kind : string) : Sequence (ModelElement)
post: result =
if kind = “constraint”
then self.constraints()
else if kind = “container”
then self . container ()
ellse if kind = “constrained elements” and
self -> isOclTypeOf (Constraint)
tHen self -> oclAsType (Constraint) -> constrainedElements ()
ellse if kind = “specialization” and

self -> 1s0OclKindOf (GeneralizableElement)
then self -> oclAsType (GeneralizableElement) -> supertypes ()

ellse if kind = “import” and self -> isOclType (Import)

tHen self -> oclAsType (Import) -> importedNamespace ()

ellse if kind = “contents” and self -> isOclKindOf (Namespace)
tHen self -> oclAsType (Namespace) -> contents()

ellse if kind = “signature” and self -> isOclTypeOf (Operatiom)
tHen self -> oclAsType (Operation) -> exceptions()

ellse if kind = “tagged elements” and

self -> isOclTypeOf (Tag)
tHen self -> oclAsType(Tag) -> elements()
ellse if kind = “type definition” and
self -> isOclKindOf (TypedElement)
tHen self -> oclAsType (TypedElement) -> type()
ellse if kind = “referenced ends” and
self -> isOclKindOf (Reference)
tHen
let ref = self -> asOclType (Reference) in
ref -> referencé&dEnd() -> union(ref -> exposedEnd())
else
Set{}
erdif endif endif endif endif endif endif endif endif endif

7.10| The PrimitiveTypes Package

The M|OF defines a package-called PrimitiveTypes that contains the MOF's standard collection of primitive data types.
These ftypes are availablefor-dse in all MOF meta-models. Some of them (Boolean, Integer, and String) are usged in the
specifilcation of the MOF, Model as an instance of itself.

The PrimitiveTypes:Package is a MOF meta-model whose name is “PrimitiveTypes.” The package contains the
PrimitiveType instances defined below, and no other instances. These instances denote the MOF's standard teghnol ogy-
neutral primitive data types.

NOTE-'ﬁrhndngyrnapﬁngcehdlurngd7ndandawiDﬁnﬁﬁprypnindannn:haqxinnfhdrqna“ﬁndnnwmc leﬁme

PrimitiveType instances with the required qualified name shall be deemed to mean the same thing.

The sub clauses below define the 6 standard technology neutral primitive data types and their value domains. They also
define the standard syntax used in the “value’ attribute of a Constant instance; see “Constant” on page 82.
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7.10.1 Boolean

This primitive data type is used to represent truth values.

value domain The set of the boolean values ‘true’ and ‘false.’
constgnt valte Ssymntax TRUE, — FALCSE(Tase SENStive)
7.10.2 Integer
This primitive data type is the set of signed (two’s complement) 32 bit integers
value|domain The subset of the integers in the range -23% to +231 - 1
constant value syntax CORBA IDL integer literal syntax with an optional leading ‘-’ ‘chafacter.
7.10.3 Long
This primitive data type is the set of signed (two’s complement) 64 bit integers
value|domain The subset of the integers in the range -253to +253 - 1
constant value syntax CORBA IDL integer literal syntax withsan optional leading ‘-’ character.
7.10.4 Float
This primitive data type is the set of IEEE single precision floating point numbers (see ANSI/IEEE Standard 754-1985.
value|domain The subset of the rational numbers that correspond to the values representable as IEEE sigle
precision floating point numbers.
constant value syntax CORBA™IDBL floating point literal syntax with an optional leading ‘-’ character.
7.10.% Double
This primitive data typetis-the set of IEEE double precision floating point numbers; see ANSI/IEEE Standard [754-1985.
value|domain The subset of the rational numbers that correspond to the values representable as |EEE double
precision floating point numbers.
constarnt value syntax CORBA IDL floating point literal syntax with an optional leading ‘-’ character.
I
7.10.6 String
This primitive data type is the set of all character strings that consist of 16 bit characters (excluding NUL).
value domain The infinite set of al finite sequences of 16 bit characters (excluding the zero character value).

constant value syntax

quotes and contains no character escape sequences.)

A sequence of 16-bit characters. (Note: a Constant’s ‘value' string for a String has no surrounding
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7.10.7 IDL for the PrimitiveTypes Package

The IDL for the “PrimitiveTypes’ package is given below. It is generated by applying the MOF to IDL mapping to the
PrimitiveTypes Package. This IDL would typically be “#included” by IDL for meta-models (e.g., the MOF Model IDL).

NOTE:_Thisis not the IDL for the MOF objects that represent the primitive types.

#pragma prefix "org.omg.mof"

modulge PrimitiveTypes {

/I Collection types for the six standard MOF primitive data types
typedef sequence < boolean > BooleanBag;
typedef sequence < boolean > BooleanSet;
typedef sequence < boolean > BooleanList;
typedef sequence < boolean > BooleanUList;
typedef sequence < long > LongBag;

typedef sequence < long > LongSet;

typedef sequence < long > LongList;

typedef sequence < long > LongUList;

typedef sequence < long long > LongLongBag;
typedef sequence < long long > LongLongSet;
typedef sequence < long long > LongLongList;
typedef sequence < long long > LongLongUList;
typedef sequence < float > FloatBag;

typedef sequence < float > FloatSet;

typedef sequence < float > FloatList;

typedef sequence < float > FloatUList;

typedef sequence < double > DoubleBag;
typedef sequence < double > DoubleSet;
typedef sequence < double > DoubleList;
typedef sequence < double > DoubleUList;
typedef sequence < wstring > WStringBagy;
typedef sequence < wstring > WStringSet;
typedef sequence < wstring > WSfringList;
typedef sequence < wstring > WStringUList;

~

/I This interface would besnheritted by IDL for a Package declared as a sub-package of PrimitiveTypes
interface PrimitiveTypeSPackage : Reflective::RefPackage { };

/I This interface is¢present because we can’t declare PrimitiveTypes as an abstract Package.
/I There is no point-instantiating it.
interface PrimitiveTypesPackageFactory {
PrimitiveTypesPackage create_primitive_types_package()
raises (Reflective::MofError);

h

7.11 Standard Technology Neutral Tags

This sub clause defines the standard Tags that apply to all meta-models, irrespective of the technology mappings used.
Other Tags may be attached to the elements of a meta-model, but the meaning of these Tags is not specified here. Tags
relevant to the IDL mapping are defined in 9.6, “ Standard Tags for the IDL Mapping,” on page 194.

Table 7.5 shows the conventions used to describe the standard Tags and their properties.
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Table 7.5 Notation for Describing Standard Tags

tag id: A string that denotes the semantic category for the tag.

attaches to: Gives the kind(s) of Model::ModelElement that this category of tag can be meaningfully
attached to.

values: Givestheumberand TYPES of the tag's vatues (i.c., pdldlllt:lt:lb), i any Parameters are

expressed as an ordered sequence of Strings.

meaning: Describes the meaning of the tag in this context.
idl generation:; Defines the tag’'s impact on the generated IDL.
restrictions: Tag usage restrictions - for example: “at most one tag of this kindper element,” ¢r “tag

must be contained by the meta-model.”

NOTE] There are no standard technology neutral Tags at this time.
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The MOF Abstract Mapping

Overview

This Clause describes the MOF's M 1-level information model, and the common principles underlying mapping specific

M1-ley
materi
8.2

A MO
model
M 2-| ey

An M

el computational models. Since it is intended to be independent of any mapping to implementation tech
bl is rather abstract.

MOF Values

el Classes or M2-level DataTypes.

P-level Class defines an M1-level Instance type with the following propertiés:

values.
Instance typed objects can be linked via an Association.

Null isavalid instance of an M2-level Class, though thereare limitations on its use.

By contrast, an M2-level DataType defines a type with the'following properties:

8.3

Data t

Each d

Data typed values do not have full object identity; see bel ow.
Data typed values cannot be linked via an“Association.

Null is not avalid instance of an M2-level DataType.

Semantics of Data Types

pes in MOF meta-madels fall into two groups:

Double, and String) and those produced using the constructors EnumerationType, CollectionType, Structur
AliasType.

Nativedypes (i.e., other datatypes. Native data types are not technology neutral).

neutra

MOE data types and_constructars,these sets are as follows:

ology, the

- meta-model is an abstract language for defining the types of meta-data. The M2-levelconstructs used|in a meta-
map onto M1-level representations as MOF values. The types of these M1-level values can be defined using either

Instance typed objects have full object identity; that is, it is always possibl€to reliably distinguish one instarjce (object)
from another. Object identity isintrinsic and permanent, and is not dependent on other properties such as aftribute

MOF standard technology neutral datatypes; that is, the 6 standard primitive data types (Boolean, Integer, Liong, Float,

EType, and

ata type in a MOF meta-model denotes a finite or infinite set of values. In the case of the standard techinology

The type Boolean consists of two values that are conventionally called “true” and “false.”
The type Integer is the subrange of integers from -231 to +231 - 1.

The type Long is the subrange of integers from -253 to +263 - 1.

Thetype Float is the the subrange of the rational numbers whose values are AIEEE 764 single precision floating point

numbers.
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The type Doubleis the subrange of the rational numbers whose values are |EEE 764 double precision floating point
numbers.

The type String is the set of al possible finite length sequences of the UTF16 characters (excluding the NUL or zero
character).

An enumeration type is the set of the EnumerationType |abels or enumerators.

NOTE!
concre;

mapping that does not support all of the data types, or that maps them in away that |0ses information is not valid.

It is ngt possible to define the sets of values that comprise native types it atechnology independent way.

8.4

Much

A structure typeis the set of all tuples whose field values are members of the types of the StructureTypes+tespective
StructureFields.

A collection typeisthe set of all collections of the CollectionType's type, limited according toithe'CollectionType's
multiplicity.

An aliastypeis asubset of the AliasType's type.

Every MOF technology mapping must define a mapping from the standard M QFtechnology neutral datatypesto a
e type such that every value in the value domain has a distinct representation (sifg the concrete type. A technology

Semantics of Equality for MOF Values

Df the detail of the MOF computational model depends.en a notion of equality of values. For example, the precise

formuliation of the “no duplicates” rule for link sets depends'on a definition for what it means for object type instances to

be equ
Equali
1

al.
y of MOF Values is defined as follows:

Instances of Classes are equal if and-only’if they have the same identity. Equality does not take into accodint the val-
ues of Attributes for the instances or-the links involving the instances. The null Classinstanceis only equal to itself.

Values of all MOF data types-are incomparable if they do not have the same type.

Values of MOF standard primitive data types are equal if and only if they denote the same element of theset that
defines the primitivetype.

Values of MOR-enumeration data types are equal if and only if they denote the same enumerator.

Values of MOF collection data types are equal if and only if they have the same number of elements. For &*bag’ or
‘set,” there must be a 1-for-1 correspondence between the collection elements such that the corresponding|elements
be equal according to theserules. For a‘list’ or ‘ordered set,’ the elements at each position in the collectipn must be
equal according to these rules.

140

Vaues of MOF structure types are equal 1T and only 1T they have the same type and the corresponding stracture fields
are equal according to these rules.

Values of MOF alias types are equal if and only if they have the same type and their values compare as equal in the
context of the alias type's base type.

The meaning of equality for native type valuesis not specified here. In some mappings, some native values may be
incomparable.
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NOTE: The meaning of equality for values of incomparable typesis not defined. However, thisis not an issue since the
semantics of MOF metadata do not depend on being able to compare such values.

8.5

Semantics of Class Instances

One and only one M1-level Instance is a value whose type is described by an M2-level Class. An Instance has the

follow|

Not al

The n
conceat

ng properties in the MOF computational model:

It has object identity. This has different implications depending on the mapping, but in general it means thgt many

conceptually distinct Instance values can exist whose component values are the same.

It has a definite lifetime. An Instance valueis created in response to particular events in the-¢ormputational
continues to exist until it is deleted in response to other events.

It is created in a computational context known as a Class extent, and remainsin that\extent for itslifetime;
“Extents,” on page 145.

It can have attribute values defined using M2-level Attributes; see 8.6, “ Semantics of Attributes,” on page

It can be linked to other Instances; 8.9, “ Semantics of Associations,” ah page 149.

model, and

see 8.8,

141.

M2-level Classes can have corresponding M1-level Instances. f particular, Instances can never be cregted for
Classes that have “isAbstract” set to true. In addition, if an M2-level€lass has “isSingleton” set to true, only orje Instance
of theclass can exist within an extent for the Class.

Instanges (or itself) by an Association link.

NOTE!:

While null is currently avalid Class instanée, some technology mappings do not support it. Thereforeitisi

to rely|on being able to use the null instance yalue'in atechnology neutral metamodel.

8.6

Semantics of Attributes

Attribfites are one of two mechanisms provided by the MOF Model for defining relationships between values
level. An Attribute of an M2-level Class defines a relation between each M1-level Instance of the Class, and
some ¢ther type. The Attribute specification consists of the following properties:

the Attribute’s ¥ name,”
the Attribute's “type” which may be expressed using a Class or DataType,
a " scope” specification,

a“vishility” specification

Il instance of an M2-level Class has a conceptual identity that is distinct from other (non-null) instances. Null
ually exists forever in all Class extents, but it does-not have attribute values and cannot be related to gther

hadvisable

at the M 1-
alues of

a“multiplicity” specification,
an “isChangeable” flag,
an “isDerived” flag, and

an (implicit) aggregation specification.
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Many aspects of the M1-level computational semantics of Attributes depend on the mapping used. The following sub
clauses describe those aspects of the semantics that are mapping independent.

8.6.

1

Attribute name and type

The “name”_and “type” of an Attribute define the basic signature of a notional binary relationship between a Class

instang

clasg Classl {

}i

definey
the At
Figure)

(opti

the At

at

(o]

e and an attribute value or values. For example, an Attribute declaration of the form:

tribute attr 1 AttrType;

5 a notional relation between an M1-level type corresponding to the Classl and an M--level type corresponding to

rType. The three main kinds of relation that can exist between a Class and an Attfibute are illustrated below in

8.1. The figure shows cases where an Attribute’s “multiplicity” bounds are “[1.:1}" (single-valued), “[0

Bk

al) and “[m..n]" (multi-valued) respectively. Each notional relation is distinguishable from others for that Class by

ribute's “name.”

atr 1 atr 2 atr 3

Clg

sl AttrType Class? AttrType Class3 AttrType

1 0.1 m..n

Figure

An M
rel ateg
to the

In the
a Clas
for thi
seg, th

8.6.

The “1f

142

2

P-level Attribute’'s “type” can be either/a Class or a DataType. In the former case, the Class — AttrTyps

Class to M1-level Instances corfesponding to the DataType.

5 — AttrType relationCTo make the text more readable, we will use the phrase “the Attribute’'s M 1-level
b type rather than réeferring to it as “the M1-level type corresponding to the M2-level Attribute’s “type.” A

single-valued Attribute optional Attribute multi-vaued Attribute

8.1 - Notional Class — Attribute Relatigns

relation

M1-level Instances correspondirg,to the two Classes. In the latter case, it relates M1-level Instances corresponding

ollowing sub clauses, ittis.0ften necessary to talk about the type of the M1-level Instances on the AttrT

b phrase “the Aftribute’s M 1-level type’ is best used for another purpose.
Multiplicity

hultiplicity” property defines the cardinality, uniqueness, and orderedness of an Attribute as follows:

The*lower” and “upper” fields set the bounds on the number of elements (1.e., cardinality) allowed inan A
value; that is, the “(collection of) AttrType” in Figure 8.1 and Figure 8.2 on page 143. Discussion of multip
usually needs to deal with three cases:

pe end of

base type”

swe shall

ttribute
licity

« If the “lower” and “upper” are both 1, the Attribute is single-valued; that is, the “value’ is asingle instance

belonging to the Attribute’'s M 1-level base type.

« If the “lower” is0 and “upper” is 1, the Attributeis optional; that is, the “value” is either an instance belonging to

the Attribute’ s M1-level base type, or nothing.
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 Otherwise, the Attribute is multi-valued; that is, its “value” is acollection of instances belonging to the Attribute's

M1-level base type.

e The“isUnique” flag specifies whether or not a multi-valued Attribute is allowed to contain duplicates; that is,

elements that are equal according to the definition in 8.4, “ Semantics of Equality for MOF Values,” on

page 140.

* The“isOrdered” flag specifies whether or not the order of the elements in a multi-valued Attribute are significant.

The “multiplicity” settings of an M2-level Attribute have considerable influence on the M1-level Attributes vil ues. In

particdlar, it determines whether the M1-level type of the Attribute is the M1-level base type, or a collection’'o

In add

3

3

The “multiplicity” may also have considerable impact on the APIs that a mapping_provides for accessing and
Attribfte values.

It shoyld be noted that when an M2-level Attribute has “isOrdered” set to.drue, the corresponding Class — At

relatio

8.6.3

The “gcope” of an Attribute can be either “instance level” or*classifier_level.” For an “instance level” Attrik
indepegndent relationships exist between instances of My€lass and instances of AttrType. For a “classifier_levg
Attribyite, a single instance of AttrType (or a collection\of AttrType) is related to al instances of MyClassin t
Thisigillustrated in Figure 8.2.

tion, the “multiplicity” may also cause:
runtime checks to ensure that a multi-valued Attribute’s cardinality lies within a given range;
runtime checks to ensure that a multi-valued Attribute does not contain duplicate members; and

mechanisms that allow the user to specify the order of the elements of a multi-valued Attribute.

N has an associated partial ordering when viewed from the Classtole.

Scope

that type.

updating

rType

ute,
ﬂ ”
he extent.

my_attr
\ my_attr
My(Class AttrType single-valued MyClass [C] LAttrType
1 1 1
my_attr
My(Class AttrType optional MyClass c] LAttrType
0L 1 0.1
my_attr
v ) my_attr
My(Class AttrType multi-valued MyClass [C] AttrType
m..n 1 m..n
instance-level scoped attributes classifier-level scoped attributes

Figure 8.2 - Instance-level versus Classifier-level scoping

NOTE: For the classifier-level Attributes, the diagrams are intended to show that all MyClass instances are related to asingle
instance or collection of instances of AttrType.
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8.6.4 Is_derived

The “isDerived” flag indicates whether the notional relationship between a Class instance and the Attribute type instances
is stored or computed.

8.6.5 __Aqgaregation

The pgssible aggregation semantics of an Attribute depend on its type:
- | If an Attribute's type is expressed as a DataType, it has “hon-aggregate” semantics.
« | If an Attribute’'s typeis expressed as a Class, it has “ composite” semantics.

In casgs where an Attribute has “composite” semantics, the Class instance that is the value 6f the Attribute is a gomponent
of the Class instance that contains the Attribute, not vice-versa

NOTE:| The above description reflects the fact that the Attribute model element does 1ot have an “aggregation” attfibute. A
Class-yalued Attribute with “non-aggregate” semanticsis currently expressed by making the Attribute's type a DataType,
where the DataType's “typeCode” is an object reference type that is linked tothe Class viaa TypeAlias.

8.6.6| Visibility and is_changeable

The “Visibility” property of an Attribute determines whether or pot any operations for the notional relation should be
present. Similarly, the “isChangeable’ property determines whether update operations are present. The presenge or
absende of these operations do not alter the semantics of the Attribute.

8.7 | Package Composition

This syib clause summarizes the meta-model-composition mechanisms supported by the MOF Model and discysses their
impact on M1-level semantics.

8.7.1| Package Nesting

Package nesting is the simplest.of the MOF's Package composition mechanisms. At the M2-level, Package negting is
expressed by making the euter Package the “container” of the nested Package. The definition of the Contains gssociation
in the MOF Model means-that Package nesting is a strict compaosition relationship.

The mgin intended'function of Package nesting is information hiding. Placing a Class or DataType in an inner| Package
rather fhan an_outer one notionally makes it less visible to other meta-models. When the MOF visibility rules gre defined
(in a fyture revision of this specification), this information hiding will be more strongly enforced.

Nestinp 'of? Packages also affects the M 1-level interfaces and implementations. The meaning of any element of| a meta-
model is potentially dependent on its context in a variety of ways. Thus, when the element is defined in a nested Package,
its meaning may depend on the outer Package; for example, on Constraints or Classifiers declared therein. This means
that anything that uses a nested element will also implicitly depend on the context. To avoid potential M 1-level anomalies
caused by this kind of dependency, the MOF Model does not allow a meta-model to import a nested Package or a
Classifier defined within a nested Package.
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The M1-level semantics of Package nesting are as follows. The behavior of an M1-level instance of a Classifier declared
in a nested Package depends on state in both its immediate Package, and its enclosing Packages. As aresult, the M 1-level
instance of the nested Classifier isinextricably tied to other instances within the outermost enclosing Package extent; see
8.8.4, “Package Extents,” on page 147.

8.7.2 Package Generalization

Package generalization allows an M2-level Package to reuse all of the definitions of another M2-level Package. Package
genergdization is expressed at the M2-level by connecting the super-Package and sub-Package using a‘Generaljzes link.
(The MIOF Model’s Constraints mean that Generalization is effectively an aggregation in the UM L~sense.)

The Mj1-level semantics of Package generalization are as follows. The behavior of M 1-level instances of the elements of
an M2level Package typically depends on M1-level behavior for M2-level super-Package elements. Indeed, anp M1-level
Package “instance” is substitutable for M1-level Package instances for M2-level super-Packages.

Packagie inheritance does not create any relationship between an instance of the super-Package and an instanceof the sub-
Package. Therefore an M1-level Package extent is not related to M1-level super-“or’sub-Package extents; see $.8.4,
“Package Extents,” on page 147.
8.7.3| Package Importation
Packagie importing alows an M2-level Package to selectively reusedefinitions from other M2-level Packages, Package
[ ion is expressed at the M2-level by placing an Import-in-the importing Package that is related to the imported

Package by an Aliases link. In this case, the M2-level Import object has its “isClustered” attribute set to false| Since
ge importation can be cyclic, it is neither an aggregation or a composition in the UML sense.

NOTE] The MOF Model’s Constraints make it illegal\for a Package to import itself, or for any Package to import & nested
Package. Furthermore, while the MOF Model allews Package importation to be cyclic, the preconditions for the MIOF Model
to IDL{mapping disallow most dependency cycles, including those between Packages that result from cyclic importation.

The Mj1-level semantics of Package importation are minimal. No substitutability or state relationships exist bgtween the
M1-leyel instances of an importing‘or)imported Package, or between their respective extents. Indeed, an impofting

Package will typically not even_share implementation code with the imported Package.

8.7.4| Package Clustering

Packagie clustering.alows an M2-level Package to selectively reuse definitions from other M2-level Packages,| and also
share IM1-level implementation infrastructure. The M2-level expression of Package clustering is similar to that for
Packagie importation; see above. The difference is that the Import object has “isClustered” set to true.

The M|1evel semantics of Package cl usterl ng are similar to those of Package nesti ng because a cl uster Package instance
- i ave a free-

standing M 1- IeveI instance of such a Package whose extent is unrel ated to any extent of a cluster Package.

8.8 Extents

This sub clause introduces the concept of an “extent” in more detail, and then gives the formal definitions of the extent of
a Class, an Association, and a Package.
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8.8.1 The Purpose of Extents

Current generation middleware systems typically aim to allow clients to use objects without knowledge of their locations
or context. However, groups of objects generally exist in the context of a“server,” which has responsibility for managing
them. The implementation of an object often uses knowledge of its shared context with other objects to optimize
performance, and so forth.

While|statements about object location have no place in the MOF specification, the MOF Computational ModJaI assumes
a notign of context in many areas:

« | The classifier-scoped features of an M2-level Class are notionally common to “all instances’ af'thé Class.
» | Mappings typically allow aclient to query over “all links” in an Association instance.

It isimpractical to define “all instances” or “all links” as meaning all instances or links in the known universe. [Therefore,
the MOQF specification defines logical domains of M1-level instances that are the basis,of these and other “for|all”
quantifications. These domains of M1-level instances are called extents.

Figure8.3 shows the extents defined by two “instances’ (on the right) of the example meta-model on the left. Notice that
the staic nesting of Packages, Classes, and Associations inside other Packages is mirrored in the extents (i.e., [the dotted
ovals),

P1 extent
Pl e T .
‘ P2 extent AN
e IR E R
' Alinks . Cls * . 'C2s ' .
P1::C1 P1 extent
PL:A T
Zf LTI T ST '
P Co ! AIinksl Cils ! " C2s: :
P2 extent '

Figurg 8,3~ Extents for two meta-model instances

Every Class instance or link belongs to precisely one Class or Association extent. These extents are part of Package
extents, depending on the “lexical” structure of the meta-model. This means that extents are strictly hierarchical in nature.
As we shall seein 9.2.1, “Meta Object Type Overview,” on page 161 extents are related to the intrinsic container
semantics of meta-objects.

NOTE: Thereisno requirement that extents have any manifestation in the partitioning of objects between physical MOF
servers. However, there are clear performance advantages in implementing such a partitioning.
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The extent of a Class is defined to be the complete set of M1-level instances of the Class that share classifier-scoped
properties (e.g., Attribute values). A Class instance is created in the context of a Class extent and remains within that

extent

for its entire lifetime (i.e., until the instance is explicitly deleted).

8.8.3

The ex

the context of an Association extent and remains within that extent for its entire lifetime.

8.8.4
The e
follow|
1
2.
3.
4,
When

each d
extent

Association Extents

tent of an Association is defined to be the complete set of M1-level links for the Association. A link is

Package Extents

ng rules:

When an M 2-level Package contains a Class or Association, an extent for the Package contains extents for
and Associations.

Packages.

When an M2-level Package clusters one or more other Pagkages, an extent for the cluster Package aggreg
extents for the clustered Packages.

When an M2-level Package inherits from another‘Package, an extent for the sub-Package:
a. contains an extent for each nestedPackage, Class, or Association in the super-Package,
b. aggregates an extent for each(Package clustered by the super-Package, and

C. aggregates or contains extents by recursive application of rule Clause 4 to the super-Package
super-Packages.

p Package inherits from angther Package by more than one route, the sub-Package extent will contain one

for Package P4 contains only one C1 extent.

created in

tent of a Package is a conglomeration of the extents of Classes, Associations, and.ether Packages accorgling to the

he Classes

When an M2-level Package contains nested Packages, an extentdor the outer Package contains extents fof the inner

ates the

extent for

rectly or indirectly inherited Class, Association, or nested Package. Thisisillustrated in Figure 8.4. Notilce that the
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P1 P1 extent
PL-Cl S
' Cls |
P2extent P3extent ¢
P2 P3 ', Cls! . C2s! . v, Cls'ry .C3s! .
F2iCh F3.Ch R R\ R
P4 extent -

P4:.C4 BN oo

Figurg 8.4 - Extents for Multiply Inheriting Packages

When g Package clusters other Packages by more than one route, the outer cluster Package will contain one extent for all
directly or indirectly clustered Packages. Thisis illustratedin Figure 8.5. Notice that the relationship between the extents
of a clpster Package and the extents of the clustered Packages is aggregation rather than strict containment. In particular,
in the P4 case, the extent for P1 is not fully contained by either the P2 or P3 extents.

P1 extent
P1 ' Cls |
PL:Cl P2 extent NIl P3 extent
<c|usters>/ \ «clusters» 777 Plextent /:f’_'_':\Plextewt\\
p | 7 p3‘|\ :I"Cls’:;fCZSI; ::'\Cls,::.'Cis:E
PZ:CY P3:Ch Nt o IR
____________ Paexent
N 71 P2eent . “P3edent
P7 | 7 Pledent . |
«clusters»\ /  «clusters» Co RGN R T
PA::Cll Lo Casp o LIS css) ) o)

Figure 8.5 - Extents for Clusters of Clusters
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NOTE: The extent for an M2 Package that imports (rather than clusters) other Packages does not contain extents for the

imported Packages or their contents.

8.9 Semantics of Associations

Associations are the MOF Model’s second mechanism for relating MOF values at the M1-level. A MOF M2-level

Associfation defines a binary relation between pairs of M1-level Instances, where the relationships in the relétipn are
called[Links. The Links for a given M2-level Association conceptually belong to a Link set.

NOTE]{ While the MOF Model appears to support N-ary Associations, thisis not so. There is a Constrainithat states that an

Associjation must have precisely 2 Association Ends; see “AssociationsMustNotUnary,” on page 117.

An M2-level Association definition specifies the foll
« [ an Association “name,”

« | apair of AssociationEnds that each have:
e a“name,”
e a“type,” which must be a Class,
e a“multiplicity” specification,
* an “isNavigable” flag, and
* an “isChangeable” flag.

owing properties:

8.9.1| MOF Associations in UML notation

A MOF Association is represented in UML-nagtation

£€jassl Name> <endl name>

as shown in Figure 8.6.

<Association Name>

<end2 name>

<Class2 Name>

aggregation - none

tHon—chared
SHe-etr

<endl multiplicity> <end2 multiplicity>

—— 4@ 2ggregation - composite

— navigable in direction indicated

 [an“isDerived” flag that determines whether the Association Links are stored explicitly or derived from other state.

cggregotronrt

Figure 8.6 - An M2-level Association in UML notation

The connecting line denotes an Association between two Classes. The text of <Association Name>, <endl name> and

<end2 name> denote the “name” values for the respective Association and AssociationEnds. If the Association name is
preceded by a forward slash, the Association has “isDerived” set to true.
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The Class boxes denote the respective types of the two ends. If the two ends of an Association have the same type, the

Associ

ation line loops around so that it connects a Class box to itself.

The <end1 multiplicity> and <end2 multiplicity> text give the multiplicity settings for the respective ends of the

Associ

<k
and th

Finally
respec

NOTE!
navigal
same ¢
acomy
can mg

8.9.2

ation. The text that can appear here consists of an optional bounds specification with syntax:
Foumds ST T fRrumbers— - —(mumbers——+*)
b optional keyword “ordered.”

, the navigability and aggregation of the ends of the Association are (partially) specified by _the symbol
ive ends of the line:

An empty diamond indicates that the Instances at the labeled end “ share” the Instances.at other end.

labeled end.

There are a couple of anomalies in the mapping of UML Associationotation to MOF Associations. First,

ban that the Association is not navigable, or alternatively that-its navigability is not shown.

Core Association Semantics

This
fashi(:t, and enumerates some important charagteristics that follow from the definition.

1 A Mathematical Model of AssoCiation State

an M2 Association labeled,as in Figure 8.6, the mapping to M1-level Link sets and Links can be model

D.

The M1-level Instances of the M2-level Classes <Class1> and <Class2> belong to sets Classl_|nstances
Class2_|nstancesthat represent the sets of all possible instances of <Class1> and <Class2>, except for the
null instances)(Note these sets are not restricted to current extant instances.)

The setAll) 'Linksis the Cartesian product of the sets Classl Instances and Class2_Instances. ThusaLink,
memberof All_Links, can be any tuple of theform “<cl, c2>" where“cl” and “c2" are members of Classl
and Class?2_| nstances respectively.

8.9.2.

Given

follow
1
2.
3.

150

ASSOCi atiBn.

If one or other of the AssociationEnds has “isOrdered” set to true, thereis a partial ordering Before over th

A filled diamond indicates that the Instances at the labeled end are “ composed” of InStances at the other enfl.

5 at the

An arrow head indicates that the Association is navigable from the Instance at’the’other end to the Instance|at the

while

pility and aggregation are orthogonal in the MOF, it is not possibleto put both a diamond and an arrow head on the
hd of aUML Association line. This means, for example, that it ishot possible to express (the lack of) navigapility from
onent end to acomposite end. Second, UML isimprecise about'what an Association line with no arrowheads means. It

b clause defines the core semantic model for-M1-level Association instances in a rigorous, mapping inglependent

led as

hnd
respective

whichisa
| Instances

n M1-level

e elements

of Link_Set defined as follows. Assuming that <End1> of the Association isthe one that is flagged as ordered:

a. For each Instance “i” in Class2_lnstances, we can define a subset End2_Links; of Link_Set consisting

of those Linksin Link_Set for which the second tuple member is “i.”
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Given the End2_Links; sets as defined in item a above, the Before ordering is defined between any pair
of different Links in an End2_Links; set with 2 or more members. In other words, for any distinct Link;
and Link, in End2_Links;, we can say either Link; Before Link, or Linky Before Link;.

The Before ordering is NOT defined between any pair of Links that belong to different End2_Links sets.

d. Where it is defined, the Before ordering is required to be:

Ideally
transfd
an Asg
cause

The g4
Associ
8.11.1
8.9.2.1

The d

i. transitive; i.e, L; Before L; and L; Before Ly implies that L; Before L, and
ii. anti-reflexive; i.e, Lj Before L; implies not L; Before L;.
(If <End2> of the Association is ordered, substitute End2 for End1 and vice'versain

A Sate of an M1-level instance of an Association consists of the Link_Set and (if the Association is order
Before ordering.

A Well-formed Sate is a Sate in which:

a. The Links set is a subset of Valid_Links, where Valid_Links is the-subset of All_Links where
connected Instances currently exist.

b. The End_Links sets as defined in item a above conforimifo their respective Association End
and lower bounds; that is,

i.  the number of Linksin each Endl_Links.set must be greater than or equal to <End
and less than or equal to <End2.upper>, and

ii. the number of Links in each End2 Links; set must be greater than or equal to <End
and less than or equal to <EndZ.upper>.

, the computational semantics of M1-level ASsociations for a particular mapping should be describable
rmations from one Well-formed Sate to anether. However, some mappings must be defined such that th
foci ation instances is not always a well-formed. For example, in the IDL mapping, deletion of an Instan
n End_Links set to contain too few Links.

neral model of an M1-level Association’'s State may be further constrained by M2-level Constraints on
ation or other elements of the meta-model. Other systematic restrictions may apply in some mappings; fo

“The Reference Closureé'Rule,” on page 153 and 8.11.2, “The Composition Closure Rule,” on page 15%.

P Characteristi¢s)of M1-level Associations

he above.)
ed) the

the

upper

P.lower>,

L.lower>,

as
e Sate of

Ce may

the
I example,

finitions of Links and Link_Sets above mean that M 1-level Association instances have the following chafacteristics:

Links enly"exist between existing Instances in a Well-formed Sate. When an Instance ceases to exist, any L
involving the Instance in any Link_Set cease to be universally meaningful.

nks

ection” of

Al ink <a b>" isdistinet from al inlz“(h, a" _Inother \Alnrdcl Links are directed (\I\Ihd‘hnr ornotthe“di

aLink has a meaning depends on the underlying semantics of the reality that the M2-level Association describes.)

Links do not have object identity, but are uniquely identified by the Instances at both ends.

A Link cannot connect a null Class instance to any other instance (including itself).

Since aLink_Set is defined to be a set, it cannot contain more than one copy of a given Link. In other words, M1-level

Associations cannot contain duplicate links.
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» The Before ordering on the Linksin an End_Links set (where defined) can be represented by arranging the Linksin a
strictly linear sequence.

« There can be multiple Sates for a given M2-level Association, each corresponding to adifferent M 1-level Association
instance in separate Package instances. In this scenario:

¢ agiven Link can be a member of multiple Link_Sets, and

« the Before orderings of different States will be independent.
8.9.3| AssociationEnd Changeability

The “igChangeable” flag for an AssociationEnd determines whether or not the APIs for the Asseciation should allow
clientgto change Links in an M1-level Association instance. The precise interpretation of this'flag is mapping|specific.

8.9.3.1 AssociationEnd Navigability

The “isNavigable” flag for an AssociationEnd determines whether or not clients should be able to “navigate” the Linksin
an M1}tlevel Association instance. The flag also determines whether or not the-AssociationEnd can be used as|a “key.”
This fllag's interpretation (i.e., its impact on APIs) will depend on the mapping used.

8.9.4( Association Aggregation

The “dggregation” attributes of an Association’s two ends determines the aggregation semantics for the corresponding
M1-leyel Association instances; see 8.10, “Aggregation Semantics,” on page 152. The impact of aggregation semantics
are largely mapping specific. However, “composite” aggrégation does place constraints on the Link_Set of a Well-formed
Sate.

8.9.5| Derived Associations

When gn M2-level Association has “isDerived” set to true, the resulting M1-level Association’s Link Set is cgculated
from gther information in the M1-level.model. The M1-level semantics of derived Association instances is beyond the
scope pf the MOF specification.

8.10| AggregationcSemantics

As noted previously, the MOF Model provides two ways of relating MOF values; that is, Associations and Attfibutes. In
both cpses, a relation<has a property known as aggregation that determines how strongly related values are tiegl together.

The MIOF Model currently supports three aggregation semantics; that is, “none,” “shared,” and “composite” in order of
increasing,strength.

V

Oract MticS Of aggregatio TTed Wi

NOTE: ; [ ; ; different
mappings will use different strategies for managing the life-cycles of values, aggregation semantics are largely mapping
specific.

d O cU Vdl USS

8.10.1 Aggregation “none”

An Attribute or Association with aggregation of “none” has the weakest form of relation between values. This will
typically correspond to independent life-cycles for both parties and the use of shallow copy semantics in a mapping.
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8.10.2 Aggregation “composite”

An Attribute or Association with aggregation of “composite” has the strongest form of relation between values. A
“composite” relation involving two types is asymmetric, with one “end” labeled as the “composition” type and the other
end labelled the “component” type. An instance of the first type is “composed of” instances of the second type.

An MT
contaipment semantics:

Other
on pag

8.10.1

An Atfribute or Association with aggregation of “shared” corresponds:to arelation between values that is betwe

and “

NOTE!
the ON
“sharef

8.11

The M
These

8.11.

Recall
ASSOCi
candid
contai

1 The Reference Glosure Rule

If avalue“v1” isacomponent of some other value “v2” in agiven composite relation, “v1” may not be a
of any other value “v3” in any composite relation. In short, avalue can have at most one containerin any “
relation. (This restriction does not apply when “v1” isanull instance.)

A value may not be related to itself in the closure of any “composite” relations. In short, a value may not
indirectly contain itself.

restrictions may apply to “composite”’ relations in some mappings (e.g., 8.14.2;* The Composition Closl
e 155).

B Aggregation “shared”

hared.”
The semantics of “shared” aggregation should correspond to the semantics of an Aggregatein UML. Unfo

" aggregation in the MOF is discouraged.

Closure Rules

OF's support for multiple Package “instances’ introduces some potential anomalies into the computatio
are resolved by three “closure® fules based on the definitions of extentsin 8.8, “Extents,” on page 145.

that a Reference-value is defined as a projection of an M1-level Class instance in an Association. Give
ation link setsarenot global, a reference’s value must be a projection in a particular link set. Thereis an
ate link set fortypical M1-level Class instances, namely the link set belonging to the Package “instancs
hs the Class/instance. This is shown in Figure 8.7.

component
omposite”

lirectly or

ire Rule,”

}en “none”’

rtunately,

|G UML specification gives no clear guidance on what these semantics should be. As an interim measure, the use of

nal model.

N that
“obvious’
" that

© ISO/IEC 2005 - All rights reserved

153


https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

Package P instance #1

Figure
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8.7 - References for multiple Package instances

8.7 shows the Y instances visible to each X instance in two Package instances. Notice that the link set
Package instance contains a link to a Y instance belonging to-the first Package instance; that is, “<x5,)

nas to look in the link sets of both (or in the genetd case, all) Package instances to find all of the links.
atively, an X instance might only look in the Jink set for its owning Package instance, leading to non-in

id such non-intuitive (and arguably anomalous) semantics, the computational semantics for Associations

ink to be constructed such that an instance of C (or a sub-class of C) at the exposed End belongs to a
ferent outermost exténtto the A link set containing the link.”

pference Closure\Rule is shown graphically by Figure 8.8 for the case of an Association with a Referend

d modify ©perations). This can be achieved by using the “outermost_containing_package” operations o
ive metarobjects; see 10.2, “The Reflective Interfaces,” on page 248.

n the
2>." This

s no particular problems, since the “x5” object can find thelink to “y2” by looking in the A link set fof its
contaiing Package instance.

er, suppose that the “<x5,y2>" had been in the A link set for the first Package instance. Now an instance of the X

uitive

tational semantics for Reference values. (Consider the case where there are References for both Associgfion Ends.)

includes a

e restriction that prevents the problematic links from being created. This restriction is called the Refereng¢e Closure

Class C has a Reference R that exposes an Association End E in an Association A, then it isillegal to cause

e to one

he Reference.Closure Rule is enforced by runtime checks on M1-level operations that construct links (e.g., the link

the
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Figure

8.11.2 The Composition Closure Rule

The MIOF Model provides constructs for declaring that the instances.ef one meta-model element are “compost

instan

One o
that is

o A . \
' 1 > yl ¢ <xl,y1> - OK
" A Y ! : A ©o<xl,y2> v OK
. » : ‘ A L <x2,y1> + + lllega
frer 1Y Co A <Xz y2> o llegal
Metamoded ¢ -------- )

x

N
<

N

8.8 - The Reference Closure Rule

es of another; see 8.10, “Aggregation Semantics,” on page152.

ed of”

the key properties of composites is that a composite instance and its component instances have the samg lifetime;

when a composite meta-object is deleted, all of its-Gomponents are also deleted. Thisis not difficult to

mplement

when t{he composite instance and its components all beleng to the same Package instance. However, a range of problems

can arise when a composition crosses one or more eutermost Package extent boundaries. For instance;

To avd

compgsitions may be formed~This restriction is called the Composition Closure Rule;

“T

The Cpmpositien.Closure Rule is shown graphically by Figure 8.9. This shows the rule as it applies to both cg
Attribyites and.composite Associations.

How do the server implementations for the réspective extents ensure that deletion isreliable in the face of sarver crash,

network partition, and so on?

What are the access control implications of compositions? For example, should aclient of one server / extent be ableto

implicitly delete components’held in another server / extent?

id having to deal with these difficult questions, the MOF computational model restricts the situations ir

he composite andhcemponent instances in a composition along with any links that form the compositiof
must all belongte-the same outermost Package extent.”
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8.9 - The Composition Closure Rule

bmposite Closure Rule is enforced by runtime checks on'M1-level operations that construct linksin an A
omposite semantics; e.g., the link add and modify operations. Similar checks are required for operations't
site Attributes. The checks can be implemented by using the “immediate_container” and

most_containing_package” operations on the relevant meta-objects; see 10.2, “ The Reflective Interfaces

he null instance of a Class is defined to notionally belong to all extents for the Class, the Composition
oes not apply to Attributes with qull values.

Recommended Copy Semantics

visaged that some MOF mappings will provide APIs for copying metadata. The purpose of this sub clal

recominend a semantic,madel for such copy operations. Suggested semantics are given for “shallow” and “deep

(A shg
deep ¢

low copy is ene’in which conceptual components of an object are copied and other connected objects &
ppy is one.inwhich both components and more loosely related objects are copied.)

Ssociation
hat update

" on page

Closure

ise is to

" copying.
Ire not. A
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The following table details what objects should and should not be copied. The semantics are defined from the perspective
of an object being copied.

Table 8.1 - Copy semantics for different kinds of relationships

Construct Target type Aggregation Shallow Copy Deep Copy
Thc Attl |butc V(J: uc ;II thc bUrJy Thc Il'\‘\ttl |butc VG: uc ;II he COpy
Attribute Instance none will be the same Instance value as | will be the same Instange value as
in the original. in the original.
The Attribute value in the copy The Attribute value in the copy
will be the same data value as in will be the same data vilue as in
Attribute MOF data type | none the original. Embedded Instance the original.) Embedded|Instance
values will be the same as in the valueswill be the samg as in the
original. original:
The Attribute value in the copy The Attribute value in the copy
Attribute Instance composite will be a shallow copy of the In- will be a deep copy of the In-
stance value as in the original. stance value in the origjnal.
o S A link is created from the copy to
Assogiation Instance none No link is created. the original link target.
_ A link is created from the copy to
—_ A link is created from.the copy to : !
Assogiation Instance shared the original link target. ?a?;:tp copy of the orig|nal link
A link is created\from the copy to | A link is created from the copy to
Assogiation Instance composite a shallow copy of the original link | a deep copy of the orig|nal link
target. target.
Unlesg otherwise stated, copying of a group of Instancestelated by Association or Attributes should give a 1-fo-1
mapping between original Instances and copied Instances, and their respective relationships.
NOTE; The above suggested semantics do not cover-copying of MOF valueswhose type is a native type. Those senfantics will
depend on whether or not the valuesin questionare copyable.
8.13| Computational Semantics
8.13.1 A Style Guide forMetadata Computational Semantics

While
not) st
metad
Attrib

In theg

the MOF specification gives the required computational semantics for M1-level metadata, it does not (&
pte that these semantics constitute the only behavior. It is envisaged that vendor and end-user implemen

a servers may-'support additional semantics. In addition, the computational semantics of M2-level deri
tes, derivied’ Associations and Operations are not specified at all in the standardized part of the MOF M

ry,~the complete computational semantics of a meta-model server can include any behavior that the imy

ind should
tations of
ed

odel.

lementor

choose

s.~The purpose of the sub clause is to set down some conventions to guide the implementor.
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8.13.2 Access operations should not change metadata

Many operations on Instance and Associations are provided to support access to the public state of a model; e.g. the “get”
operations for Attributes, the “query” operations for Associations. For normal (non-derived) Attributes and Associations,
the standard computational semantics of an access operation are to simply return the corresponding value or collection.
For derived Attributes and Associations, there are no standard semantics at all.

In|general, it is bad style for an access operation to have observable side-effects on the primary metadata
Similarly, it is bad style for an Operation with “isQuery” true to have such side-effects.

The rationale for this rule is that the user would not expect an access operation to have visible side-gffects.

NOTE] It may be reasonable (for example) for an Attribute “get” operation to update a private counter Attribute that records
the number of accesses. The legitimacy of this kind of behavior depends on whether or not the state modified can b¢ classified
as“primary” metadata.

8.13.3 Update operations should only change the nominated metadata

The stg@ndard semantics of metadata update operations define which metadata is expected to be modified by the[operation.
Howeyer, there is no explicit requirement that other metadata should net*be changed.

It s bad style for an update operation for a non-derived Attribute, Reference, or Association to change any
prmary metadata other than that which is identified by the standard semantics.

The rationale for this rule is that the user would not expect such changes to occur.

NOTE{] Thisruleis not intended to apply to operations for derived Attributes, References or Associations, or to Operations
with “isQuery” false.

8.13.4 Derived Elements should behave like non-derived Elements

M2-leyel Attributes and Associations«can be defined as being derived from other information in a meta-model (i.e., by
setting the respective “isDerived” flagito true). The required M 1-level behavior of derived Elementsis identical|to that for
equivgent non-derived Elements.\Behavior that contradicts the semantics in this clause and in the relevant mgpping
specification is non-conformant.

However, since derived-Attributes and Associations have to be implemented using mechanisms that are beyond the scope
of the MOF Model, conformance is ultimately the responsibility of the meta-model implementor.

It is recommendédythat implementor defined M1-level operations for derived Elements should have MOF con:Lormant
behavipr. The aternative (non-conformant behavior) tends to break the illusion that the Attribute or Association is “real,”
and shpuld\be avoided. If the required semantics are unimplementable, the meta-model is incorrect.

8.13.5 Constraint evaluation should not have side-effects

The MOF specification does not define how Constraints defined in a meta-model should be evaluated. In particular, it
does not define whether Constraint evaluation can change the metadata.

It is bad style for the evaluation of a Constraint to change metadata.
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The rationale is two fold. First, Constraints are provided as mechanism for specifying metadata correctness, not as a
mechanism for defining behavior. Second, since the MOF specification does not say when Constraint evaluation should
occur (in all cases), side-effects in Constraint evaluation could be a major source of interoperability problems.

8.13.6 Access operations should avoid raising Constraint exceptions

The M
time, i

It
ex

Thera

to do

applic
It

(S
ru

The rg
typical

OF specification does not define when deferred Constraint evaluation should occur. In theory, it can©c
hcluding when the user invokes an access operation.

is bad style for an access operation on a non-derived Attribute, Reference, or Association to raise’an
ception to indicate that the metadata is structurally inconsistent or that a Constraint has been violated.

lionale is that an application program that is reading metadata (rather than updating it) istypically not in
ything about the violation of deferred structural constraints or model specific Constraint. Alternatively
ion may try to access the metadata, knowing that it is inconsistent, so that it can‘then correct it.

is bad style for an access operation on a derived Attribute, Reference, or ASsociation to raise a similar

e applies to Operations with “isQuery” true.

tionale being less prescriptive about derived access operations isthat the formulae used to derive the va
ly have certain assumptions about the consistency of the metadata.

ception unless the inconsistency makes it impossible to calculate the required derived value(s). The same

Cur at any

aposition
, an

ue(s) will
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programs.

five kinds
jects, and
the

9 MOF to IDL Mapping
9.1 Overview
This Clause defines the standard mapping from a model defined using the MOF Model onto CORBA IDL. The resulting
interfaces are designed to allow a user to create, update, and access instances of the model using CORBA client
While|the standard IDL mapping implies detailed functional semantics for an object server for a mapped.modégl, it does
not define the implementation.
Note that while the mapping specification is defined to be easy to automate, a conformant MOF i mplementatipn is not
required to support automatic IDL generation.
9.2 | Meta Objects and Interfaces
This shb clause describes the different kinds of meta-objects that represent MOF-based meta-data in a CORBA
envirohment.
9.2.1| Meta Object Type Overview
The MIOF to IDL mapping and the Reflective module share a comman, object-centric model of meta-data with
of M1ilevel meta-object; that is, “instance” objects, “class proxy:, objects, “association” objects, “package”’ ol
“package factory” objects. The relationships between M 2-levél, concepts and M 1-level objectsis illustrated by
example in Figure 9.1.
P_Factory |-:Package | P_Factor
— Factory : = y
: : i
PECkage P : P PaCkage : ((Creates» W
] I l P
C : A i ati :
A : Association | 1 1
: I |
C Class Class € Class A
Proxy
: C C
M Z2-Tevel ; Instance
Conceptual ; !
M eta-model : M1-level Interfaces : M1-level Instances

Figure 9.1 - Relationships between M1 and M2 level
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The example shows how a simple M2-level meta-model (on the left) maps onto the five kinds of M1-level meta-object (in
the center). The right of the diagram shows the intrinsic conglomeration relationships that exist between the meta-objects
in a Package “instance.” (As noted, in 8.8, “Extents,” on page 145, these relationships do not always have strict

containment semantics.)

NOTE: Theseintrinsic conglomeration relationships exist for all M1-level meta-objects. They have no explicit meaning in
connegtion with the represented meta-data. Rather, they are provided to assist the management of meta-objects. (Theintrinsic

ite Associations and Attributes.)

attributes of a Package object refer to “static” objects. In particular, there is

example above),
« | one Class Proxy attribute for each M2-level Classin the Package, ahd

- | one Association attribute for each M2-level Association in the Package.

The number and types of the static objects, and the correspondifig attributes in an M1-level Package interfacefs

deternfined by the M2-level Package specification. The objects cannot be directly created, destroyed, added, of
by a client.

eration relationships should not be confused with the M1-level composition relationships that correspénedtp M2-level

a

ory” of read-only attributes that give access to a collection of meta-objects described by a meta-model.[The

- | one Package attribute for each M2-level Package that is nested or clustered by.the Package (none are presefit in the

removed

Whilefthere is usually a one-to-one correspondence between the Packages' reference attributes and the static oij ects, this

need not be the case. The correspondence is actually determined by the extent relationships as described in 8.

4,

“Package Extents,” on page 147. Thus, for example, when an M2-level Package is clustered by more than one rpute, there

should be one M 1-level Package object that is accessed via two attributes.

A Package object is typically obtained.by invoking a “create” operation on Package Factory objects. This cregtes the
Package object, and all of the necessary static objects. The arguments to the “create” operation are used to inifialize any

classifler-scoped Attributes defineg’within the M2-level Package.
9.2.1.2 Class Proxy objects

As staled above, a Pagkage object contains one (and only one) Class Proxy object for each M2-level Class in th¢
Package. A Class-Proxy object serves a number of purposes:

- | itisafactory object for producing Instance objects in the Package “instance,”

« |itistheintrinsic container for Instance objects, and

it holdsthe state of any classifier-scoped Attributes for the M2-level Class.

M2-level

The interface of a Class Proxy object provides operations for accessing and updating the classifier-scoped attribute state.

Other operations allow a client to invoke classifier-scoped Operations.

The interface also provides a factory operation that allows the client to create Instance objects. It also gives read-only

access to the set of extant Instance objects contained by the Class Proxy object.
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Instance objects

The instances of an M2-level Class are represented by Instance objects. An Instance object holds the state corresponding
to the instance-scoped M2-level Attributes for the Class, and any other “hidden” state implied by the Class specification.
Generally speaking, many Instance objects can exist within a given Package “instance.”

As degeribedat Astance-ob ays-contaiedby-a ebfect—h
on for creating Instance objects that takes initial values for the instance-scoped Attributes as parameters
Instange object is created, it is automatically added to the Class Proxy container. An Instance is removed from
contaifer when it is destroyed.

operat

The interface for an Instance object inherits from the corresponding Class Proxy interface. In addition it provi

9.2.1.4

Links
object
“ static|

9.2.2

l  Association objects

holds a collection of links (i.e., the link set) corresponding to an M2-level Association. The Association

O OXY

operations to access and update the instance-scoped Attributes,
operations to invoke the instance-scoped Operations,
operations to access and update Associations via Reference,
operations that support object identity for the Instance, and

an operation for deleting the Instance object.

hat correspond to M2-level Associations are not represented as meta-objects. Instead, an M1-level Assq

object that is contained by a Package object, as described previously. Its interfaces provide:
operations for querying the link set,
operations for adding, modifying, and-rémoving links from the set, and

an operation that returns the entire link set.

The Meta Object Intefface Hierarchy

ieesja factory

When an
the

des:

ciation
object isa

This slib clause describes thejpatterns of interface inheritance in the CORBA IDL generated by the MOF to IDL| mapping.

The p4

itterns are illustratediin Figure 9.2.
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RefBaseObject
/ : V\
PY d P2 RefPackage RefAssociation RefObject
Package P1 T ----------- T ----------- T ------
cl P1 A CilClass

cl ref : ClClass

A c2 ref : C2Class
aref:A / ﬁl
2 % C2Class C1
P2 T

¥ eta-model Definition
Inheritance.ih Generated I nterfaces

Figurg 9.2 - Generated IDL Inheritance Patterns

Figurel9.2 shows an example MOF meta-model expressed in UML (on the left) that consists of two Packages IP1 and P2.
The fiyst Package P1 contains Classes C1 and C2,.wihere C2 is a subclass of C1 and an Association A that connects C1
and C2. The second Package P2 is then defined \as a subpackage of P1.

The UML class diagram (on the right) showsithe inheritance graph for the generated interfaces corresponding fto the
example meta-model.

The root of the inheritance graph isia/group of four predefined interfaces that make up the Reflective module;|see 10.2,
“The Reflective Interfaces,” on.page 248. These interfaces collectively provide:

« | operations that implement meta-object identity,
- | operations for finding a meta-object’s containing package instance(s),
« | an operationor finding a meta-object’s M2-level description, and

« | operations for exercising the functionality of a meta-object independent of its generated interface.

NOTE LTheinterfacesin the Reflective madule are all desi gnq‘l tabe “ahstract;” that is it isnot antici In:\’rr:'(*l that t should
be the “most derived” type of any meta-object.

The interfaces for the Package objects, Association objects, Class Proxy objects, and Instance objects provide
functionality as described previously. The inheritance patterns are as follows:

» All Package object interfaces inherit (directly or indirectly) from RefPackage.

« All Association object interfaces inherit from Ref Association.
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All Class Proxy interfacesinherit (directly or indirectly) from RefObject.
All Instance interfaces inherit from the corresponding Class Proxy interfaces.
When an M2-level Package P2 inherits from ancther P1, the corresponding interface P2 inherits from PL1.

When an M2-level Class C2 inherits from another C1:

2:2005(E)

Thedi
featurd

NOTE!
“Tags

relevant IDL templates; see “ Package Template” on page 206, “ Class Template” onage 209, “Class Proxy Templ

page 2

9.3

« the Class Proxy interface for C2 inherits from the Class Proxy for C1, and
¢ the Instance interface for C2 inherits from the Instance for C1.

pmond pattern of interface inheritance is virtually unavoidable. The C2's Class Proxy needstq inherit th

The IDL mapping supports some Tags for specifying addition IDL supertypes of various generated interfa
or Specifying IDL Inheritance” on page 196. The effect of these Tags on the inheritance graph is defined by

10, and “ Association Template” on page 214.

Computational Semantics for the IDL Mapping

P interface

s for C1's classifier-scoped Attributes and Operations. Similarly, C2's Instance interface-néeds to inherift the
instange-scoped interface features.

bes; see
the
te” on

This siib clause specializes the MOF's general computational semantics (see Clause 8, “The MOF Abstract Magping”) for

the MOF to IDL mapping.

9.3.1| The CorbaldITypes Package

The IDL mapping defines PrimitiveType instances:that can be used to represent CORBA specific data types in a MOF
meta-model. The IDL mapping maps each of these PrimitiveType instances into CORBA |IDL data types, but pther
techndlogy mappings typically will not map-them.

Please|note the following:

1.| Thetypesin the CorbaldlFypes package are provided solely to ease migration of “legacy” meta-models and meta-
data defined in the context-of MOF 1.3 and earlier. Use of these types in new meta-modelsis discouraged|asit will
make them CORBArspecific.

2. Implementations.ef the IDL mapping shall recognize the CORBA specific PrimitiveType instances based|on their
qualified names.” Multiple PrimitiveType instances with the required qualified name shall be deemed to mean the
same thing:

The Coprbal diTypes package is a MOF package whose name is “Corbaldl Types.” It contains the PrimitiveTypg instances
definefl belew, and no other instances. The information below defines the value domain (set) for each type, and the syntax
for encodi i “ i i
CorbaOctet
This primitive data type represents the CORBA IDL ‘octet’ type.

value domain The subset of integers in the range 0 to 255.

constant value syntax CORBA DL integer literal syntax.
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CorbaShort
This primitive data type represents the CORBA IDL ‘short’ type.

value domain The subset of the integers in the range -21° to +21° - 1

constant value syntax CORBA IDL integer literal syntax with an optional leading ‘-’ character.

CorbgUnsignedShort
This pfimitive data type represents the CORBA IDL ‘unsigned short’ type.

valud domain The subset of the integers in the range 0 to 216 - 1

constpnt value syntax CORBA DL integer literal syntax.

CorbgUnsignedLong
This pfimitive data type represents the CORBA IDL ‘unsigned long' type.

valug domain The subset of the integers in the range 0 to 2332

constpnt value syntax CORBA IDL integer literal syntax.

CorbgUnsignedLonglLong
This pfimitive data type represents the CORBA IDL ‘unsigned long long’ type.

valug domain The subset of the integets'in the range 0 to 254 - 1

constpnt value syntax CORBA DL integer literal syntax.

CorbgLongDouble

This pfimitive data type is the set-of VEEE extended double precision floating point numbers (see ANSI/IEEE [Standard
754-1985). This is the minimum, requirement for the CORBA IDL ‘long double’ type.

valug domain The subset of the rational numbers that correspond to the values representable as | EEE extended
double precision floating point numbers (96 bit).

constpnt value syntax CORBA IDL floating point literal syntax with an optional leading ‘-’ character.

CorbgsString

This ptimitive data type represents the CORBA DI ‘string’ type

value domain The infinite set of al finite sequences of 8 bit characters (excluding the zero character value).

constant value syntax A sequence of 8-hit characters. (Note: a Constant’s ‘value’ string for a CorbaString has no
surrounding quotes and contains no character escape sequences.)
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CorbaChar
This primitive data type represents the CORBA IDL ‘char’ type.

value domain The set of 8 bit characters.

constant value syntax One 8-hit character. NUL is represented as an empty String. (Note: a Constant’s ‘value' string for a
CorbaChar has no surrounding quotes and contains no character escape sequences.)

CorbaWChar
This primitive data type represents the CORBA IDL ‘wchar’ type.

valug domain The set of 16 bit characters.

constpnt value syntax One 16-hit character. NUL is represented as an empty String. (Note” a Constant’s ‘value’ gtring for a
CorbawWChar has no surrounding quotes and contains no character escape sequences.)

IDL far the CorbaldlTypes module

The IDL for the Corbal dITypes package is given below. The IDL is produeed by applying the IDL Mapping t¢ the
package. It would typically be “#included” by the IDL for meta-models’that import the Corbal dl Types packagg.

#pragma prefix "org.omg.mof"
module CorbaldITypes {
typedef sequence < octet > OctetBag;
typedef sequence < octet > OctetSet;
typedef sequence < octet > OctetList;
typedef sequence < octet > OctetUList;
typedef sequence < short > ShoftBag;
typedef sequence < short > ShortSet;
typedef sequence < short;> ShortList;
typedef sequence<sshort > ShortUList;
typedef sequence < unsigned short > UShortBag;
typedef sequéence < unsigned short > UShortSet;

typedef sequence < unsigned short > UShortList;

typeder sequence < unsigned snort > USNortuLisy,
typedef sequence < unsigned long > ULongBag;
typedef sequence < unsigned long > ULongSet;
typedef sequence < unsigned long > ULongList;
typedef sequence < unsigned long > ULongUList;

typedef sequence < unsigned long long > ULongLongBag;
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typedef sequence < unsigned long long > ULongLongSet;

typedef sequence < unsigned long long > ULongLongList;

typedef sequence < unsigned long long > ULongLongUList;

typedef sequence < long double > ULongDoubleBag;

typedef sequence < long double > ULongDoubleSet;

typedef sequence < long double > ULongDoubleList;

typedef sequence < long double > ULongDoubleUList;

typedef sequence < string > StringBag;

typedef sequence < string > StringSet;

typedef sequence < string > StringList;

typedef sequence < string > StringUList;

typedef sequence < char > CharBag;

typedef sequence < char > CharSet;

typedef sequence < char > CharlList;

typedef sequence < char > CharUList;

typedef sequence < wchar > WCharBag;

typedef sequence < wchar > WCharSet;

typedef sequence < wchar > WCharList;

typedef sequence < wchar > WCharUList;

/I This interface would be inheritted by any the Package interface for any Package

/I {hat inheritted the CorbaldITypes package

in

erface CorbaldlTypesPackage : Reflective::RefPackage { };

/I This interface is here\for completeness only. There is no point in instantiating

/I {he CorbaldITypesPackage interface.

in

erface CarbaldlTypesPackageFactory {
Corbald|TypesPackage create_corba_idl_types_package()

raises (Reflective::MofError);
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The following MOF PrimitiveType instances are mapped to CORBA IDL typesin the IDL mapping. Other PrimitiveType

instances have no defined mapping.

Prim'fi\mTypn instance

(‘nrrmpnnding LDl type

PrimiftiveTypes::Boolean boolean
Pri mi|tiveTypes: :Integer long

Pri mi|tiveTypes: :Long long long
Pri mi|tiveTypes: :Float float

Pri mi|tiveTypes: :Double double
Pri mi|tiveTypes: :String wstring
CorbgldI Types::CorbaOctet octet
CorbaldI Types::CorbaShort short

Corbal dI Types::CorbaUnsignedShort

unsigned short

CorbaldITypes::CorbaUnsignedL ong

unsigned long

CorbaldITypes::CorbaUnsignedL onglL ong

unsigned’long long

CorbaldITypes::Corbal ongDouble long, double
CorbaldITypes::CorbaString string
CorbgldI Types::CorbaChar char

CorbaldI Types::Corbaw Char wchar

NOTE{ The MOF to IDL mapping does ot ‘define a standard mapping to the following CORBA IDL primitive dafa types:

Principal, TypeCode, Any.

The MIOF constructed data types are mapped to CORBA IDL types, as follows.

DataJ ' ype subtype

Corresponding IDL type

StructureType(name,-fields)

struct name { fields};.

CollectionType(name, type, ...)

typedef sequence < type > name;

EnunlleraiionType(name, labels)

enum name { labels};

Aliasl-rypc(l ame; typc)

+ aaf
Ly Ut typo rialmic,

NOTE: The MOF to IDL mapping does not define a standard mapping to the following CORBA IDL constructed types:
arrays, bounded sequences, bounded strings, bounded wide strings, fixed types, union types, value types, boxed value types,

interface types or abstract interface types.
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9.3.3 Value Types and Equality in the IDL Mapping

The IDL mapping defines all MOF Instance types as CORBA object types that are descended from the “RefObject”
interface; see 10.2.4, “ Reflective::RefAssociation (abstract),” on page 265. Equality of Instance objects should be
implemented as follows:

« [EXISIMg MS@ance objects are equal iand onty 1 theTefviof T operation defimed by 10.2.3,ReffectiveRef Object
(abstract),” on page 254 returns the same string for both objects.

« | Non-existent I nstance objects are deemed to be equal if and only if they have the same object reference; thit is, when
the “Object::_is equivalent” operation returnstrue.

NOTE]{ Animplementation must take care when comparing Instance object values to distingui sh’between non-exigtent (i.e.,
deleted) Instance objects and objects that may only be temporarily inaccessible. An operation'should only raise an pxception
for anpn-existent Instance object when it cannot be performed. In particular, an operation that’replaces or removeq defunct

links of Instance values should not complain that the Instance being removed is defunct,

9.3.4| Lifecycle Semantics for the IDL Mapping

This syib clause defines the IDL mapping’s computational model for metasobject creation and deletion. It also [gives
definitjons of copy semantics, though these should currently be viewed ‘as indicative rather than normative.

9.3.4.1 Package object creation and deletion semantics

An M1-level Package object for a non-nested M2-level Package is created by invoking the create operation prpvided by
the corfresponding PackageFactory object. This create operation requires the caller to supply the values for all npn-derived
classif|er-scoped Attributes. If the supplied initial values do not have the correct multiplicity or if they individually or

coIIeclver violate immediate Constraints defined in the metamodel, the create operation should raise an exception.

Instan
object;

es of the following dependent M1-lével objects are automatically created along with each M1-level Pagkage

» | An M1-level Package object (s created for each nested Package within the outermost Package extent.

« | An M1-level Package abject is created for each clustered Package within the outermost Package extent.
« | An M1-level ClassProxy object is created for each Class within the outermost Package extent.

« | An M1-level Association object is created for each Association within the outermost Package extent.

The oljject references for the dependent Package and Class objects provide the “ref” attributes in the respective Package
objects. Theabjects are initialized so that the outermost_package and enclosing_package operations return the gppropriate
M1-leyel Package objects.

NOTE: If an M2-level Package P2 clusters an existing top-level M2 Package P1, the above rules mean that two kinds of M1-
level P1 Package objects can exist. If the user calls create on a P2 Package Factory object, the resulting P2 Package object will
have its own dependent P1 Package object. On the other hand, if the user calls create on a P1 Package Factory, the resulting P1
Package object will be an outermost Package object. These two kinds of P1 Package objects behave identically, apart from
their respective “ refOutermostPackage” and “ ref OutermostPackage” operations; see 10.2.3, “Reflective::RefObject
(abstract),” on page 254.

170 © ISO/IEC 2005 - All rights reserved


https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

When an M1-level Class Proxy object is created, the values of the non-derived classifier-level Attributes are initialized
from the corresponding create operation arguments. The “all_of _type” and “all_of kind” collections will initialy be
empty, since no M1-level Instance objects will have been created in the Class Proxy extent.

NOTE: Animplementation may support other mechanisms for creating or recreating outermost M 1-level Package objects.
Any such mechanism must also (re-)create and initialize the necessary dependent objects as above.

An outermost M1-level Package object can be destroyed using the “refDelete” operation; see 10.2.3,
“Reflettive::RefObject (abstract),” on page 254. The required computational semantics for deleting an outermogt Package
object|are straightforward. The following things must occur (in an unspecified order):

« | The binding between the outermost Package object and its object reference(s) must be revoked.

« | The bindings between all dependent Package, Association, and Class Proxy objects and their object referenges must be
revoked.

« | All Instance objects within the extent of the outermost Package object must be-destroyed as described bel oyv.

NOTE] A typical implementation will delete the metadata and reclaim the spaee used to store it. However, this behavior is not
essentijgl and in some situationsit could be undesirable.

Depenfdent M 1-level Package objects, M1-level Association objects«and M1-level Class Proxy objects cannot be directly
destroyed by the user. An implementation of the “refDelete” operation for these objects is required to raise an|exception
when ¢alled by client code. (The operations may be used to implement outermost Package deletion, but thisis eyond the
scope pf this specification.)

9.3.4.2 Instance object lifecycle semantics

An M1-level Instance object can be created hytwoking the appropriate create operation. Suitable create opergtions are
present on both M1-level Class Proxy objects and M1-level Instance objects, depending on the M2-level Class inheritance
graph.|A create operation requires the caller to supply values for al non-derived instance-scoped Attributes fgr the
Instange object. If any value does not‘conform to the Attribute’s multiplicity or if they individually or collectively violate
any immediate Constraints on the-meta-model, an exception is raised.

An Ingtance object is created.within the extent of a Class Proxy object for the Instance’s M2-level Class. The CJass Proxy
can bg found as follows:

1.| Find the outermost Package extent containing the object on which the create operation was invoked.
2.| Within that'extent, find the one and only Class Proxy object for the M2 Class whose instance is being cregted.

If no Class Rrexy can be found by the above, the create request violates the Supertype Closure Rule (see 9.3.11, “The
Supertype.Closure Rule,” on page 182) and an exception is raised.

Creation of an Instance object will aso fail if the corresponding M2-level Class is abstract. Similarly, it will fail if the
M2-level Classis a“singleton” Class and an Instance object for that Class already exists within the Class Proxy’s extent.
In either case, an exception is raised.

When an Instance object is (successfully) created within the extent of a Class Proxy object, it becomes part of a collection
returned by the Class Proxy object’s “all_of_kind” operation. The Instance object remains a member of that collection for
its lifetime (i.e., until it is deleted).

An Instance object will be deleted in the following three situations:
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1. When aclient invokesthe “refDelete” operation on the Instance object; see 10.2.3, “ Reflective:: RefObject
(abstract),” on page 254.

2. When the Package aobject for the Instance object’s outermost Package extent is deleted (see above), and

3. When the Instance is a component of a“composite” Instance that is deleted. This applies to composites formed by
both Associations and Attributes

When @n Instance object is deleted the following things must occur:

« | The binding between the Instance object and its object reference(s) must be revoked.

« | The Instance object must be removed from its Class Proxy object’s “all_of type” collectiop.
« | Any Instance objects that are components of the object being deleted must also be del eted.

« | Linksinvolving the deleted Instance object should be deleted as per the “Link lifecycle semantics’ specifidgation
bel ow.

An implementation will typically delete the state of an Instance object that has*heen deleted, and reclaim any fssociated

NOTE]{ When an Instance object is del eted, corresponding object referenceéval uesin non-composite Attributes of other objects
becomg “dangling” references. These dangling references should not be'automatically expunged or converted to ni| object

refererjces, since doing so potentially destroys information and creates new structural errors. Instead, it isthe user’'s
respongibility to ensure that dangling references in Attributes are.tidied up in the most appropriate way.

9.3.4.3 Link lifecycle semantics

Links fan be created and deleted in various ways. These include:

« | by the user operations on M 1-level Assogiation objects; see 9.3.5, “ Association Access and Update Semantics for the
IDL Mapping,” on page 173,

« | by the user operations corresponding to References on M1-level Instance objects; see 9.3.7, “Attribute Access and
Update Semantics for the IDL."Mapping,” on page 176,

« | by the user copying metadata (using some vendor specific API); see 8.12, “Recommended Copy Semanticg,” on page
156,

« | by the user. deléting one or other linked Instance objects; see 9.3.4.2, “Instance object lifecycle semantics,” jon page
171, and

» | when'the server notices that a linked Instance object no longer exists.

A linkFscreated-withimrtheextent of anmAssocatiormrobject,ancHbecomes part of thecottectonreturmed-by-the
Association object’s “links()” operation. A link remains within the extent in which it was created for the lifetime of the
link (i.e., until it is deleted). When alink is deleted, it is removed from the “links” collection. Removing a link does not
affect the lifecycle of the linked Instance objects.

According to 8.9.2.2, “Characteristics of M1-level Associations,” on page 151, deletion of an Instance object causes any
links for that object to become meaningless. |deally, a well-formed M 1-level Association instance should not contain such
links. In practice, the immediate removal of meaningless links from an M1-level Association instance cannot always be
implemented, in particular in the case of links that cross outermost Package extent boundaries.
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all links referring to the Instance obj ect that belong to Association instances within the same outermost Package extent

as the Instance object must also be deleted, and

any links referring to the Instance object that belong to Association instances in another outermost Package extent as

the | nstance object may also be deleted.

NOTE!
in othd

9.3.5
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except

M1-le
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vaue

NOTE:!:
should
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These

9.3.6

The above semantics means that an Association instance can legally contain links that refer to defunct-lnstal
r extents.

Association Access and Update Semantics for the IDL Mapping

b clause describes the computational semantics of the Association object access and update operations
DF to IDL Mapping and the Reflective interfaces. With a couple of exceptions, these semantics transforn

Sate (as defined in 8.9.2.1, “A Mathematical Model of Association State,”_6n )page 150) to another. T
ons are as follows:

Deletion of an Instance object in another outermost Package extent may, caise an Association instance to cd
that are not members of Valid_Links.

Deletion of an Instance object can cause an End_Links set to contain fewer links than is required.

el Instance objects are passed as CORBA object reference,values in IDL mapped operations. However,
ation State model requires that Links connect Instancesyit is not legal to pass the CORBA nil object ref
hS a parameter to any operation on an M1-level Assagiation.

not be read as implying any particular implementation approach.
| Access Operations

are three kinds of link access-operations in the M1-level Association interface generated by the IDL m3
The “all_links’ operation,returns the current Link_Set for an Association object.
The “<end_name>" ‘Operations return a projection of the corresponding End_Links sets.
The “exists’ operation tests for the existence of agiven Linkinthe Link Set.

operations-are defined to be side-effect free; that is, they do not modify the Sate of the Association ing

kink Addition Operations

nce objects

defined in
N one Well-
he

ntain links

since the
erence

While the semantics of Associations are described (below) in terms of sets of pairs of M 1-level Instance olpjects, this

pping:

ance.

The operations for adding links to an M1-level Association vary, depending on whether 1t has an ordered M2-

Associ

ationEnd:

For an unordered Association, the “add” operation adds a Link to the Link_Set.

evel

For an ordered Association, the “add” and “add_before” operations both add a Link between a pair of Instances to the

Link_Set. Inthe“add” case, the new Link isadded after existing Links. Inthe“add_before” case, the new
added immediately before the link selected by the “ before” argument.
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More precisely, assuming that the first AssociationEnd is the ordered one and the new Link connects Instances i
and j. The Before mapping is updated as follows:

« For “add,” all Links that were in End2_Links; prior to the operation are Before the new Link when it
completes.

e For “ add before,” the Before Link connects the “ befor and j Instances For aII Llnks that werein

new L|nk after the operation. For alI other Llnks that werein End2 Lmkq prior to the operatlor, the new
Link is Before the pre-existing Link after the operation.

« In both cases, the ordering of the other End2_Links sets are unchanged.

A nuniber of constraints apply to the link addition operations:

A new Link can only be added between extant Instances; that is, the new Link must be'a member of Valid_Links.
» | An operation cannot add a Link that is already a member of the Link_Set.

An operation cannot add aLink if it would make the number of members of either End1_Links; or End2_Links; greater
than the respective AssociationEnd’'s “upper” bound.

An operation cannot add a Link that creates a Composition cycle, orthat violates the Composition or Refer

bnce
Closure rules.

9.3.6.1 Link Modification Operations

There pre two “modify” operations for replacing an existing Link in the Link_Set of an M1-level Association. One
operation (in effect) modifies the Instance at the first end’of a Link, and the second modifies the Instance at the second

end. While the operation signatures do not vary, the semantics of the “modify” operations depend on whether the M 2-
level Association has an ordered AssociationEnd,

In the non-ordered case, a“modify” operation is almost identical to a*“remove” operation followed by an “pgdd”
operation. The only difference isin the‘bounds checking; see below.

In the ordered case, a“ modify=.operation can differ from an “add” followed by a*“remove” in the way that|the Before

ordering is handled. Specifically, if we assume that the first AssociationEnd isthe ordered one, the Before mapping is
updated as follows:

« For “modify_<endl) name>(i, j, k)", the new Link (between k and j) occupies the same position in the Before
ordering of End2_Links; as the Link (between i and j) that it replaces.

« For “madify <end2_name>(i, j, k)", the new Link (between i and k) becomesthelast Link in the Before prdering of
End2 ks,

« Incboth cases, the ordering of the other End2_Links sets are unchanged.

A nunijbef of constraints apply to the link modification operations:

The Link that is replaced by the “modify” operation must be a member of Link_Set. However, it need not be a member
of Valid_Links.

The replacement Link that is created by a“modify” operation must be a member of Valid_Links.

» The replacement Link cannot already be a member of the Link_Set.

A “modify” operation cannot produce a Link that would make the number of membersin either the End1_Links, or
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End2_Links, sets greater than the respective AssociationEnd's “ upper” bound.

A “modify” operation cannot remove a Link if doing so would make the number of members of End1_Links; or
End2_Links; less than the respective AssociationEnd’s “lower” bound. (However, a Link can be produced in this
situation.)

) U
Reference Closure rules.

NOTE{ A modify operation of theform “modify_<endl name>(i, |, i)” istreated asa“no-op.” In particular, it does|not trigger

checki

9.3.6.2 Link Removal Operations

The “remove” operation can be used to delete an exist Link (between i and j) from the kink Set of an M1-level
Assacilation. The constraints that apply to the link removal operation are:

9.3.6.

hg of “lower” or “upper” bounds.

The operation cannot remove a Link if doing so would make the number of members of End1_Links; or Engi2_Links
less than the respective AssociationEnd's “lower” bound.

The operation cannot remove a Link that is not amember of the Link Set. However, it should succeed if the¢ Linkisa
member of Link Set but not of Valid_Links.

B Changeability, Navigability, and Derivedness

The operation descriptions given above assume that the AssociationEnds of the M2-level Association have begn defined

with “

suppressed:

Setting

mappi
betweq

to en

sChangeable” and “isNavigable” set to true. If thisis not so, the main impact is that certain operations fare

If an AssociationEnd of an Associationnisdefined as non-changeable (i.e., when its “isChangeable” flag is sgt to false),
the IDL mapping suppresses various link update operations. The “add,” “add_before,” and “remove” opergions are
suppressed if either AssociationEnd is non-changeable. Furthermore, the “modify_<end name>" operatior]is
suppressed for any AssociationEnd that is non-changeable, along with any related Reference-based operatipns.

If an AssociationEnd of -an A'ssociation is defined as non-navigable (i.e., when its “isNavigable” flag is set tp false) the
IDL mapping suppresses-any link operations that depend on the ability to search based on that AssociationiEnd.
Specifically, it suppresses the “<assoc_end>", “add_before_<end>", “modify_<end>" operations.

“isDerived” to*be true for an M2-level Association isa“hint” that an M1-level Association’s Link_Set and Before
ng should be\computed from other M1-level information. Apart from this, the IDL mapping makes no djstinction
N derived.and non-derived Associations. Equivalent IDL interfaces are generated in each case, and the semantics

reithat they implement the required semantics.

are d(zJ‘i ned to'be equivalent. If aderived Association’'s operations are coded by hand, it is the programmer’s responsibility

Some combinations of the Association and AssociationEnd flags result in generated interfaces that are of little use. For
example:

Setting “isChangeable” to be false on one AssociationEnd and not the other resultsin an M 1-level Association that
supports one “modify” operation but no “add” or “remove” operations.

Setting “isChangeable” to be false on an Association that has “isDerived” set to false resultsin a*“ stored” Association
with no operations to update the Link_Set.
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9.3.7 Attribute Access and Update Semantics for the IDL Mapping

The IDL mapping maps M2-level Attributes to a variety of operations, depending on the Attribute’s “multiplicity”
settings. There are three major cases:

1. single-valued with bounds of [1..1]),

2.| optional with bounds of [0..1], and
3.| multi-valued.

Unlikg Associations, the CORBA “nil” object reference is alegal (and logically distinct) value for.any Class or object
reference-valued Attribute. When an accessor operation returns a “nil” object reference, this déesmnot necessarjly mean
that the Attribute has no value(s). In addition, the lifecycle semantics for Attributes in the /DL *mapping mean|that an

accesspr operation can return a reference for a non-existent object.

NOTE:{ While the semantics of Attributes are described (below) in terms of notional relations between M1-level values, this
should|not be read as implying any particular implementation approach.

9.3.7.1 Single-valued Attributes

The inferfaces and semantics for single-valued Attributes are the simplest to describe. A single-valued Attribute (i.e., one
whosel“lower” and “upper” bounds are set to one) is mapped to these IDL operations:;

o [“<attr_name>"
o [“set_<attr_name>".

The “<attr_name>" operation returns the current value of the named Attribute for an M1-level Instance object| In the

singlejvalued case, this is a single Instance of the-Attribute’s M1-level base type as mapped by the IDL mapping. In the
terminplogy of 8.6.1, “Attribute name and type,” on page 142, the operation returns the M1-level value that igrelated to
the Ingtance object by the notional “<attr. name>" Class — AttrType relation.

The “get_<attr_name>" operation replaces the current value of the named Attribute for an M1-level Instance with a new
value. As before, the new value is agingle Instance of the Attribute’'s M1-level base type as mapped by the IDL [mapping.
The operation replaces the existing Class — AttrType relationship with a new one between the Instance object and the

new value.

The bghavior of “set_<attr_name>" for a Class-valued Attribute (i.e., one with “composite” aggregation semartics) is
constrgined as follows:

« | The new:value supplied must be either a reference to an existing Instance object or anil object reference.

- | Thewnew value (i.e., the component Instance) must not already be a component of another Instance object.

« The composite and component Tnstance objects must befong to the same outermost M1-Tevel Package extent (i.e., the
Composition Closure rule must not be violated).

» Creating the new Class — AttrType relationship must not create a composition cycle.
9.3.7.2 Optional Attributes

The interfaces and semantics for optional Attributes are also relatively straight-forward. An optional Attribute (i.e., one
whose “lower” bound is 0 and whose “upper” bound is 1) maps to three operations:
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1. “<attr_name>”
2. ‘“set_<attr_name>”
3. “unset_<attr_name>"

The IDL mapping treats an M1-level optional Attribute as having two states. In the “set” state, the Attribute has a value
that is|an instance of the Attribute’s M1-level base type. In the “unset” state, the Attribute has no value.

In the gingle-valued case, “<attr_name>" simply returns the current M1-level value for the Attribute. Intheopt{onal case,
the sefnantics depend on whether the Attribute is currently “set” or “unset.”

« | If the Attributeis “set” (i.e., thereis a Class — AttrType relationship between the I nstance ebject and some other
value), the “<attr_name>" operation returns the related value.

« | If the Attributeis “unset” (i.e., thereis no Class — AttrType relationship with the | astance object in the “clgss’ role),
the “<attr_name>" operation raises an exception.

The “get_<attr_name>" operation behaves exactly as in the single-valued case; it'teplaces the existing Class — AttrType
relatiohship (if any) with a relationship with the new value. As a consequence;the Attribute enters the “set” sfate. The
structyral constraints for “set_<attr_name>" in the single-valued case apply<here as well.

The “Unset_<attr_name>" operation removes the Class — AttrType relationship, if it exists, leaving the Attribute in the
“unset| state.

9.3.7.83 Multi-valued Attributes

The interfaces and semantics for multi-valued Attributes<are relatively complicated, and depend to a considergble extent
on the|settings of the “isOrdered” and “isUnique’ fields of the M2-level Attribute’s “multiplicity” property.

M1-leyel operations on multi-valued Attributes-can be divided into two groups. The “<attr_name>" and
“set_<pttr_name>" operations access and update the Attribute’s state as a single value, transferring it as a CORBA
sequer|ce type. The other operations treat.the”Attribute’s state as a collection of values, and update it by addinp,
modifying, or removing individua elements of the collection.

The “qattr_name>" and “set_<attr name>" operations transfer an Attribute’s M 1-level state using a “collectiop” type.

Thisiganamed IDL sequencetype whose base type is the Attribute’s M 1-level base type, and whose name is determined
by the[“name” of the Attributé's “type”’ and the settings of the “isOrdered” and “isUnique” flags. For details, see 9.7.1.5,
“Litergl String Values,”-on page 200.

The “<attr_name>"-gperation returns the multi-valued Attribute's value as a sequence using the IDL type desgribed
above| The contents of the result comprise the collection of base type instances related to the Instance object by the Class
— AttfTypesélation. If “isOrdered” is true, the order of the Class — AttrType relationships determines the orfler of the
elements in the sequence. If the collection is empty, the returned value is a zero length sequence.

The* instances.
If the Attribute is ordered, the order of the elements in the parameter value determlnes the order of the new Class —
AttrType relationships.

A number of restrictions apply to the “set_<attr name>" operation for multi-valued Attributes. These are as follows:

« If the Attribute’s “multiplicity” hasthe “isUnique’ flag set to true, no two base type instances in the collection may be
equal.

- If the Attribute’'s “multiplicity” has a“lower” value greater than zero, there must be at |least that many elementsin the
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collection.

« If the Attribute’s “multiplicity” has an “upper” value other than the “UNBOUNDED” value (i.e., -1), there can be at
most that many elementsin the collection.

If the Attribute has composite semantics (i.e., the Attribute’'s “type” is expressed using a Class) the following restrictions
also apply:

- | Each element (i.e., Instance object) in the new val ue collection must be either a reference to an existing Instjance object
or anil object reference.

» | No element of the new value collection can already be a component of another Instance objectt

« | The composite and every component | nstance object must belong to the same outermost MI=level Package gxtent (i.e.,
the Composition Closure rule must not be violated).

« | Creating the new Class — AttrType relationships must not create any compositioncycles.

The IDL mapping can define up to 7 additional operations for a multi-valued Atttibute. There are up to 3 opefations for
adding new element values to an Attribute collection, up to 2 for modifying them and up to 2 for removing them. The

subset|that is available for a given Attribute depends on the “isUnique” and *isOrdered” flags in the M2-level Attribute’s
“multiplicity.” Thisis shown in the table below.

isOrdered isUnique Operations available

false false add_<attr_name>, modify_<attr_name>, remove_<attr_name>
false true add_<attr_name>,;modify_<attr_name>, remove_<attr_name>
true false add <attr name>, add_<attr_name>_before, add_<attr_name>_at,

modify_<attr” name>, modify_<attr name>_at, remove_<attr_name>,
remove_ <attr_name>_at

true true add-<attr name>, add_<attr_name>_before, modify_<attr _name>,
remove_<attr_name>

When ['isOrdered” is set to false, ‘the operations provided are the basic ones for adding, modifying, or removirlg element
values| Given that the collection/is unordered, there is no need to specify the position at which a new element|value is
added,|or (in the false, false.case) which of a number of equal element values should be modified or removed| The
semantics of the operations for an unordered Attribute are as follows;

» | The “add_<attr name>" operation creates a new Class — AttrType relationship between the Instance objegt and the
M1-level hase type instance being added to the Attribute collection.

« | Thé"modify_<attr_name>" operation replaces the Class — AttrType relationship between the Instance object and the
M2-level base type instance being modified with another for the new element value.

+ The“remove_<attr_name>" operation removesthe Class— AttrType relationship between the Instance object and the
M1-level base type instance being removed from the Attribute collection. Removing the instance decreases the
Attribute collection’s length rather than leaving a“hole.”

These three operations must also respect the restrictions listed above for the multi-valued “set_<attr name>" operation.

When “isOrdered” is set to true, the “add_<attr_name>,” “modify_<attr name>,” and “remove_<attr_name>" operations
take on additional semantics:
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The“add_<attr_name>" operation must ensure that the newly added element appears as the last element in
Attribute collection.
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the

The “modify_<attr_name>" operation must ensure that the replacement M 1-level base type instance appearsin the
same position in the Attribute collection as the value that it replaces. When “isUnique” is set to false, the collection
may contain duplicates. In this case, the operation should replace the first example of the instance in the ordered

Atteibita collaoction
7-rttrrotte-Ccoectrom:

When “isUnique’ is set to false, the “remove _<attr_name>" operation should remove the first exampleof t
in the ordered Attribute collection.

tion, the client is provided with extra operations for order sensitive element update:

The“add <attr_name>_before” operationissimilar to the“add_<attr_name>" operation, except that the ne
is added to the Attribute collection before an existing element designated by the callef. When “isUnique” i
operation is defined to replace the first example of the instance in the Attribute coltegtion.

When “isOrdered” istrue and “isUnique” isfalse, the“add_<attr name>_at,"*modify_<attr_name>_at,” g
“remove_<attr_name>_at” are provided to allow the client to update the collection in the presence of duplici
operations specify an element insertion point or an element to be modified-to be removed by giving a posit
For the purposes of these operations, the elements in an Attribute collection are numbered starting from zerg
to the defined order of the members of the collection. The operations‘are as follows:

e add_<attr_name>_at - insertsthe new M1-level base typéinstance so that it appears at the position gi
instance originally at that position, and all instances will have their position indexes increased by one.

* modify_<attr_name>_at - replaces the M1-level base type instance at the position.

collection that follow the removed instance will have their position indexes decreased by one (i.e., the
does not leave a“hole” in the Attribute coltection).

five additional operations must also respect the restrictions listed above for the multi-valued “set_<attr |
on.

l Changeability and Derivedness

evious semantic descriptions assume the M2-level Attribute has “isChangeable” set to true and “isDeriV
['his sub clause describies what happens if this is not the case.

ttribute has “isChangeable” set to false, the effect on the IDL mapping is that all generated operations fg
ribute's state-are suppressed. This does not preclude the existence of other mechanisms for updating the

anAttribute’s “isDerived” flag to true, has no effect on the IDL mapping. The operations generated for t
néderived cases are equivalent and they are defined to have equivalent semantics. If a derived Attribute
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e remove_<attr_name>_at - removes the M 1:|éel base type instance at the position given. Any instangesin the
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9.3.7.5 Classifier scoped Attributes

semantics.

The previous semantic descriptions assume the M2-level Attribute has “scope” set to “instance level.” When an

Attribute's “scope” is “classifier_level,” we can model the notional relation that defines the M1-level Attribute state as a
relation between the Class extent and the AttrType; see 8.6.3, “Scope,” on page 143. In the IDL mapping, this translates
to anotional relation between a Class Proxy object and instances of the Attribute’s M1-level base type.
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On this basis, an Attribute whose “scope” is “classifier_level” differs from one whose “scope” is “instance level” in the
following respects:

» Thenotional Class Proxy — AttrType relation supplies the value or values accessed and updated by “ classifier_level”
scoped Attribute operations.

- When the Attribute has aggregation semantics of “composite’:

« the Composition Closure rule means that the Class Proxy object and M 1-level Attribute value Instancesg must
belong to the same extent, and

« checking for composition cycles is unnecessary. The Class Proxy object that holds the Attribute value(g) is not an
Instance, and thus cannot be a“ component” in this sense.

9.3.7.6 Inherited Attributes

The prievious semantic descriptions apply equally to Attributes defined within an M2-lgvel Class, and Attributg inherited
from gupertypes of the Class.

9.3.7.7 Life-cycle Semantics for Attributes

The prlevious semantic descriptions say nothing about how an Attributelgetsitsinitial value or values. (With thg exception
of the single-valued case of the “<attr_name>" operation, the semantic descriptions would “work” if no notional
relatiopships existed initialy.) In fact, the IDL mapping ensures that’all M1-level Attributes get a client-supplied initial
value:

« | All “instance_level” scoped Attribute values for an M-level Instance object areinitialized from the parametersto the
“create_<class_name>" operation.

« | All “classifier_level” scoped Attribute valueswithin the extent of an outermost M 1-level Package are initiglized from
the parameters to the “ create_<package_name>" operation.

An M1-level Attribute only exists while the'M 1-level Instance object or Class Proxy object that it belongs to ex|sts. When
the object is deleted, the notional relationships disappear as well.

Attribytes with “composite” aggrégation semantics have special life-cycle. When an object with a composite Attribute is
deleteq), the Instance object or(objects that form its value are also deleted.

Note that unlike Associations, when an Instance object is deleted, the delete operation should make no attempt|to tidy up
“dangling references”_to it.
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9.3.8 Reference Semantics for the IDL Mapping

The IDL mapping maps References into a hybrid that combines an Attribute style interface with Association access and
update semantics. In each case, a Reference operation maps fairly directly onto an Association operation as shown in the
table below.

Association Operation(s)

Multlplicity Reference Operation (assuming that the referenced AssociationEndis thHe 2nd one)

optiopal i.<reference_name>() temp = a.<referenced_end_name>(i)
if temp.size > 0 then

temp[0]
else

raise NotSet

singlg¢- and i.<reference_name>() a<referenced_end. hame>(i)
multitvalued

optiopal i.set_<reference_name>(new) old = a.<reference_end_name>(i)
if old.sizes 0 then

amodify <reference_end_name>(i, old[0], new)
else

a.add(i, new)

optiopal i.unset_<reference_name>() old = a.<reference_end_name>(i)
if old.size > 0 then
aremove(i, old[Q])

singlg¢-valued i.set_<reference_name>(new) old = a<ref_end_name>(i)
amodify_<ref_end_name>(i, old, new)

multitvalued i.set_<reference_name>(new) old = a<ref_end_name>(i)

forjinO.. (old.size- 1) do
arremove(i, old[j])

forjin0.. (oldssize- 1) do
a.add(i, new([j])

multitvalued i.add_<reference_name>(new) a.add(i, new)

multitvalued i.add_before_<reference_name>(new, a.add before <referenced_end_name>(i, new,|before)
before)

multitvalued i.modify_<reference_name>(old, new) amodify_<referenced_end_name>(i, old, new

multitvatued i.remove_<reference_name>(old) aremove _<referenced_end _name>(i, old)

In practice, an implementation also needs to transform exceptions reported for the Association operations into exceptions
that apply from the Reference perspective. In addition, a “quality” implementation would ensure that Reference
operations did not leave the Association abject in a half way state following an exception.

NOTE: The above semantic mapping description is not intended as implying any particular implementation approach.
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9.3.9

Cluster Semantics for the IDL Mapping

The impact of clusters on the IDL mapping semantics are largely described elsewhere. At the M1-level, a clustered
Package behaves identically to a nested Package in terms of life-cycle and extent rules. The only significant differenceis
that clustering is not always a strict composition relationship at the M1-level; see 8.8.4, “Package Extents,” on page 147.
In the IDL mapping, this means that two or more Package “ref” attributes point at the same clustered Package instance.

9.3.10 Atomicity Semantics for the IDL Mapping

All op!

NOTE!

meta-data server.

9.3.11

Thein
a sub-

Recall
inherit]
object

brations defined by the IDL mapping (including the Reflective versions) are required to be atomic and i

operation.

When the invocation of two or more operations overlap in time, theqesultant behavior should be semantica
equivalent to the sequential invocation of the operations in some érder.

The IDL mapping specification does not require atransactional or persistent implementation of a

The Supertype Closure Rule

Class of a second one.

5 from the Class Proxy interfacesfor any M2-level super-Classes. Taken together, this means that any C

If an operation succeeds, state changes required by the specification should be made, except.as noted below:

If an operation fails (e.g., by raising an exception), no externally visible changes should be caused by the fai

empotent:

* When an Instance object is deleted, deletion of any component Instance objects may occur asynchronopsly.

* When an Instance object is deleted, removal of links to the deleted Instance.abject may occur asynchrgnously.

ed

y

heritance pattern for Instance and Class Proxy-interfaces has an important consequence when one M2-leviel Classis

that each Class Proxy interface defines a factory operation for the corresponding Instance object, and that it also

ass Proxy

has operations for creating Instance objects for both the M2-level Class, and al of its M2-level super-Qlasses.

Normdlly, this artifact of the IDL inheritance hierarchy isjust a convenience. However, problems arise when an M2-level

Class
page 1

updati
The ad

is knO\Ivn as the Supertype Closure Rule.

e.g., P2::C2) has a super-Class that is imported from another M2-level Package (e.g., P1::C1); see Figu

ng, and deleting these instances. This is not what Package importing is defined to mean.

opted_selution to this problem is to add an extra restriction to the MOF computational semantics. This

re 9.3 on

B3. The Class Proxyinterface corresponding to the C2 Class now has a factory operation to create instances of a
Class from another Package, and therefore would appear to require all of the mechanisms for creating, accessi

ng,

estriction

Supertype Closure Rule

Suppose that the Package extent for a non-nested M2-level Package P contains a Class Proxy object, which has a create
operation for instances of Class C. This create operation can be used if and only if the M2-level closure of the Package P
under generalization and clustering includes the M2-level Class C.

182
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In other words, a factory operation for instances of an M2-level Class will only work within a Package instance with the
machinery for supporting the Class. The Supertype Closure Rule is illustrated in Figure 9.3.

: P1 Instance P2 Instance
— !

«Imports» .
| P2 ol a . S a ' C
| Proxy| | Proxy| Lo
P1 : ' ' X CZ : :
S\\ S ; . extent ! !
«clusters» ] P3 Lo . CcL : : D

; . extent, : . o

PL:C1 _____ P3 Instance

/ V\ a1 K :
Lot | Proxy | : D
pP2::C2 P3::C3 ! ! ! : C3 . C3 .
. : Proxy | @ extent .
R o5 R ; D
Meta-model Definition : ! I ! ' ) (-

Figurg 9.3 - Supertype Closure Rule
9.3.12 Copy Semantics for the IDL Mapping

The 10L mapping currently defines no ARIsfor copying meta-data. Copy semantics are therefore beyond the scppe of this
clause

9.4 | Exception Framework

This slib clause describesthe way that Exceptions are organized in the MOF to IDL mapping. These exceptiond are raised
in avdriety of CORBA.interfaces, including:

« | Reflectiveinterfaces: (see 10.2.2, “ Reflective::RefBaseObject (abstract),” on page 250, 10.2.3, “ Reflective:|RefObject
(abstract),¥on page 254, 10.2.4, “ Reflective::Ref Association (abstract),” on page 265, 10.2.5,
“ Reflective::Ref Package (abstract),” on page 269.

« [ Meadel interfaces (see 7.4, “MOF Model Classes.” on page 41 and 7.5, “MOF Model Associations,” on page 85).

« Specific interfaces produced by the mapping templates (see 9.8, “IDL Mapping Templates,” on page 202).
The exceptional conditions that arise in the context of the MOF to IDL mapping are classified into 5 groups:

1. Structural errors - this group covers those situations where the basic structural consistency rules for the metadata are
(or would be) violated. For example, when there are too many or too few elementsin a collection value.

2. Constraint errors - this group covers violations of metadata consistency rules specified in the metamodel using
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5.

The cgmplexity of the MOF means that the number of exceptional conditionsis (at least in theory) unheunded.
precisg set of possible exceptional conditions for just one operation in the mapped interfaces can beyvery hard
Constrgint and Semantic errors are particularly difficult to tie down. Furthermore, including lotSof exceptions
operation signature can make client code inordinately complex.

To sol

struct NamedValueType {

typedef sequence < NamedValueType > NamedValueList,

exiception MofError {

h

The figlds of the MofErroriexception are defined as follows:

C 19502:2005(E)

Constraints.

Usage errors - this group covers those situations where a client tries to use the MOF interfaces in a meanin
For example, giving a‘position’ for a collection element that is outside of the collection bounds.

gless way.

Reflectlve errors - this group covers errorsthat can only occur when us ng the Refl ective mterfaces For example,

Semantic errors - this group covers errors not covered above (i.e., implementation specific errors).

wstring name;

any value;

wstring error_kind;
RefBaseObject element_in_error;
NamedValueList extra_info;

wstring error_description;

error_kind is @wide string that denotes the particular kind of exceptional condition that isbeing raised. T
formation of vatues for thisfield is discussed below.

elementiin_error isthe DesignatorType for the object or feature that is deemed to be in error for this err
condition. The detailed specifications of the error conditions below define which meta-object should be ret
each.case. In situations where no M2-level meta-objects are available, this field may contain anil object ref

OrS.

The
to define.
inan IDL

e these problems, the MOF IDL mapping defines the MofError exception that:cévers most of the excgptional
conditions that might arise.

he

br
irned in
erence.

184

extra_info isalist of name/ value pairs that provides the client with extrainformation about the error condition.

Thelist consists of zero or more standardized name / value pairs, followed by any implementation specific pairs.
For the standardized part of the list, the sequence of the pairs and the values (including casing) of the names are
mandatory. This allows clients to extract list elements by position or by matching names. It is recommended that

implementors take the same approach for the implementation specific part of the list.

error_description isahuman readable diagnostic message in awide string. The contents of thisfield are not

specified by this document.
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NOTE: The standardized name / value pairs for the extra_info field represent a compromise between the anticipated cost of
implementation and the provision of useful information to the caller. Implementors are encouraged to provide additional
information. Similarly, implementors are encouraged to provide detailed and informative diagnostics in the

error |

94.1

The va

“

or

“

au

The v4

description tield.
Error_kind string values

lues of the error_kind field or MofError are structured using Java's reversed domain name’syntax:
j.omg.mof:structural.composition_cycle”

.edu.dstc.mofamatic:botched_assertion”

lues for each group of errors are as follows:

Structj:ial and Reflective errors: the prefix “org.omg.mof:” followed by either* structural.” or “reflective.

the sp
for thd

Constr
constr
“Pack

“

.C

ecific error name in lowercase with underscores between words. These values are defined as constants i
Reflective module.

int name using the Format2 convention. For example, .a.€onstraint named “MyConstraint” declared in
eA::ClassB,” the error kind string value is:

nstraint.package_a.class_b.my_constraint”

or with an IDL prefix of “com.acme”

itis:
“co
See “(

m.acme:constraint.package_a.class_b.my_constraint”
onstraint Template” on page 245 for the definitive specification.

Usage errors. not applicable. None of these error conditions are signalled using MofError.

specific stringZl s strongly recommended that the implementation specific part follow the conventions ab
reverse domaif names, all lowercase, periods for qualification and underscores between words).

Structural Errors

All str

the structural errors are either pre- or post-conditions on operations.

© ISO/IEC 2005 - All rights reserved

and then
h the IDL

aint errors: the IDL prefix for the metamodel (if any), followed by “:constraint.” followed by the qualified

Semantic errors.-atimplementation specific prefix, followed by “:semantic.” followed by an implementation

bve (i.e.,

yvered by
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The MOF IDL mapping defines the structural errors as defined in the table below.

Structural error “Element_in_error” Sandard “extra_info” Description

Underflow Attribute, Parameter, or none "Underflow" arises when a collection or
Association End defining projection contains fewer values than is
tha Multinlicitvs that ic reauirad hyv tha caorracnandin,
b Rl M AL b bbbl AR bt Mk
violated. Multiplicity.lower.

Note that the evaluation“tunderflow” is
context dependent,.Far, an operdtion that
takes a collectionvalue as ap eter, or
whose net effect'iS to decrease the number
of elements in‘a multi-valued Aftribute or
a projeetion’of a Link set, “underflow” is
treatédhas an immediate constralnt. In
other)cases, “underflow” is trealed as a
deferred constraint.

Overflow Attribute, Parameter, or none "Overflow" arises when a collegtion or
Association End defining projection contains more valueqthan is
the Multiplicity that is allowed by the corresponding
violated. Multiplicity.upper.

Dupligate Attribute, Parameter, or “duplicate” : Any(<Vaue>) "Duplicate" arises when a collegtion or
Association End defining A value that@ppears more projection whose corresponding
the Multiplicity that is than once.in the unique Multiplicity.is_unique is true contains
violated. collection / projection. duplicate values. For example, Wwhen two

or more values at different positionsin the
collection or projection that are|‘equal”

according to the definitions in 8.4,
“Semantics of Equality for MOIF Values,”

on page 140.
Refer¢nce Closure Reference for which the “externa” : Any(<Instance>) | "Reference Closure" can arise when an
closure rule is\violated. An Instance that violates a Association extent contains a lipk for an
closure rule with respect to Instance object belonging to angther
the Association being outermost Package extent. Mord
updated. particularly, this happens when the

Instance object's M2-level Clas$ (or a
super-Class ancestor) has a Refg¢rence to
the M2-level Association. See §.11.1,
“The Reference Closure Rule,” pn page

153.

Composition\Closure Attribute or Association for | “externa” : Any(<Instance>) | "Composition Closure" arises when an
which the closure rule is An Instance that was passed | Instance object is member of a gomposite
violated asorwithinin an npnraﬁnn that crosses an outermaost Pack pge extent

parameter that violates the boundary. See 8.11.2, “The Composition
closure rule. Closure Rule,” on page 155.
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Sructural error

“Element_in_error”

Sandard “extra_info”

Description

Supertype Closure Class of the object that none "Supertype Closure" arises when a client

cannot be created. attempts to create an Instance object in a
Package-extent-that-dees-ngtsupport its
M2-level Class. See 9.3.11, “File
Supertype Closure Rule,7~0npage 182.

Composition Cycle Attribute, Reference or “cyclic” : Any(<Instance>) "Composition Cycle* arises when an
Association that is being A composite Instance passed | Instance object is a component df itself via
updated to form the cycle. as or within a parameter that | one or more retationships defingd by

would become cyclic as a composite Associations or composite
result of this operation. Attributes.

Nil Opject Reference or Association none "Nil Objéct" arises when an Asgociation
End for which the nil object operation is passed a CORBA njil object
reference was supplied. reference.

Inaccgssible Object Attribute, Parameter, “inaccessible” : "Inaccessible Object" arises when an
Reference, or Association Any(<RefObject>) operation tries to use an Instande object
End for which the An Instance object thatwas | only to find that it is currently
inaccessible object was inaccessible. inaccessible.
detected.

Invalig Object Attribute, Parameter, “invalid”.; "Invalid Object" can arise wher| an object
Reference, or Association Any(<RefBaseObject>) operation detects a reference fof a non-
End for which the invalid An object reference for a existent (i.e.,deleted) object.
object was detected. MOF"meta-object that does

not exist.
Alreagly Exists Class of the object that “existing” : Any(<Instance>) | “Already Exists’ arises when alclient
aready exists. The pre-existing singleton attempts to create a second I nstgnce object
Instance object for the extent. | for an M2-level Class with “is§ngleton”
of true.

NOTE] There are no mandatory ‘extra_info’ pairsfor "Overflow" and "Underflow" because the error conditions pccur in
such ajwide range of contexts thabit is difficult to come up with a set that is universally applicable. Vendors are enqouraged to
innovate by defining non-standard pairs.
The fdllowing IDL eOnstants define the corresponding error_kind strings.
const ptring UNDERFLOW_VIOLATION =

"org.omg.mof:structural.underflow”;
const *fring OVVEREL ﬁ\l\l_\/lﬁl ATION =

"org.omg.mof:structural.overflow";
const string DUPLICATE_VIOLATION =

"org.omg.mof:structural.duplicate”;
const string REFERENCE_CLOSURE_VIOLATION =

"org.omg.mof:structural.reference_closure";
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const string SUPERTYPE_CLOSURE_VIOLATION =

"o

rg.omg.mof:structural.supertype_closure";

const string COMPOSITION_CYCLE_VIOLATION =

"

rg.omg.mof:structural.composition_cycle";

const

"o

const

a

const

o

const

o

const

o

9.4.3

Constr

All Cd

Constri
rule ar
reportq

NOTE:

5tring COMPOSITION_CLOSURE_VIOLATION =
rg.omg.mof:structural.composition_closure";
Ktring NIL_OBJECT_VIOLATION =
rg.omg.mof:structural.nil_object";

5tring INACCESSIBLE_OBJECT_VIOLATION =
rg.omg.mof:structural.inaccessible_object";
String INVALID_OBJECT_VIOLATION =
rg.omg.mof:structural.invalid_object";

5tring ALREADY_EXISTS_VIOLATION =

rg.omg.mof:structural.already_exists";
Constraint Errors

aint errors occur when a consistency rule is definéd as a Constraint in the metamodel.
nstraint errors are signalled by raising MofEfror. The fields of the MofError exception are defined as
Theerror_kind string is defined by the DL mapping rules (see 9.8.16, “Constraint Template,” on page 24

The element_in_error isthe designator for the Model Element whose Constraint has been violated. In th
Congtraint on a DataType, the designator isthe Parameter or Attribute for the context in which the erroneous
instance occurred.

constrained object(s).or'value(s) for which the constraint is violated.

aints can be defined with an “evaluationPolicy” of “immediate” or “deferred.” In the former case, violat

bd when deferred Constraint checking is triggered.

follows:
15).

e case of
b DataType

The value of the extralinfo field isimplementation specific. Where possible, the implementation should provide the

ons of the

> |ikely to bereported when a constrained object is created or updated. In the latter case, violations are ljkely to be

page 1

15

The.above statements assume that constraint checking isimplemented according to the spirit of 8.8, “ Extenrts," on

9.4.4

Semantic Errors

The Semantic error group is the “catch all” for otherwise unclassified implementation specific errors. Semantic errors are
signaled by raising the MofError exception when appropriate. Possible sources of this error include:

188

additional metadata consistency rules that are not specified in the metamodel,

implementation specific access control violations,
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resource limitations in a metadata server, and

internal errorsin ametadata server.

The values of the MofError exception fields for a Semantic error are implementation specific:

Implementors should define aunique string for the error_kind field to distinguish the different kinds of Semantic

9.4.5

The Ugage error group indicates inappropriate use of the MOF IDL interfaces. They can arise when aclientisu
the Reflective interfaces, or the interfaces generated by the IDL mapping.

The Upage errors are signalled using their own exceptions.

Table .1 - Usage Exceptions

error. 1'hese values should conform to the pattern described 1n 9.4.1, “Error_Kind string values,” on page 14

The values and meanings of the element_in_error and extra_info fields should be defined as approprige.

Usage Errors

S.”

5ing either

Usage Exception Arguments Description

NotHound none NotFound is raised by ‘modify and remove operations on multi
Attributes, References, and Associations when the argument that should

identify the member or link to be removed does not match anyj
that is currently there.

valued

value

NotSet none NotSet is rai'sed when a client attempts to read the element value of an
optional“collection (i.e., one with bounds of [0..1]) when the cpllection
iS empty.

BadHosition none BadPosition is raised when a positional add, modify, or remove
operation is supplied with a‘position’ argument whose valuelis out of
range. The collection’s current size is returned in the exception’'s
‘current_size’ field. Thiswill be O if the collection is empty,[1 if it
contains a single member, and so on.

NOTE] The members of a callection value containing size elements are numbered {0, 1,... size - 1} for the purposgs of the
positianal update operatiohs) The positional modify / remove operations are defined to modify or remove the memier indexed
by theposition (i.e.,position valuesin the range 0 to size - 1 inclusive are valid). The positional add operation is flefined to
insert @ member before the member indicated by the position. In this case, position valuesin the range 0 to sizeinglusive are
valid, With size meaning “insert at the end.”
The IDL _declarations for the Usage error exception are as follows:
exception NotFound {};
exception NotSet {};
exception BadPosition {

unsigned long current_size;
h
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9.4.6 Reflective Errors

Reflective error conditions occur exclusively in operations in the Reflective interfaces. They occur when a Reflective
operation is invoked with parameters that contradict the target object's description in the metamodel. When the client uses
interfaces generated by the IDL mapping, the static type checking based on the specific IDL signatures should prevent the
equivalent errors from occurring.

In motjcasm, the MofError exception is used to signal reflective errors. Table 9.2 lists the Reflective errorsthat are
signallled using MofError, along with the MofError field specifications and descriptions. All are pre-conditiong for the
respective operations.

Table 9.2 - Reflective Errors signalled using MofError

Reflgctive “Element_in_error” Sandard “extra_info” Description

erro

Invalid ModelElement that is none “Invalid Designator” arises when a “feature”

Designator invalid parameter:

e is.not a Model::Model Element, or
¢ ‘does not denote an accessible, non hil
CORBA aobject.

Wrong ModelElement that hasthe | none “Wrong Designator Kind” arises wher| the

Designator wrong kind supplied designator has an inapproprigte most-

Kind derived type. For example, when a
Model::Attribute is supplied where a
Model::Operation is required.

Unknpwn Model Element that is not none “Unknown Designator” arises when the supplied

Designator known. designator does not belong in this confext. For
example, when a Model::Attribute is njot a
member of this Instance’s Class or its
superClasses.

Abstrpct Class Class that is abstract. none “Abstract Class’ arises when a client ¢alls
“refCreatel nstance” for a Class that is fefined as
abstract.

Not Ghangeable | ModelElement that has none “Not Changeable” arises when an updpte

“isChangegble”) = false operation is attempted on something that is
defined by the metamodel to be not changeable.

Not Navigable | AssaCiationEnd that has none “Not Navigable” arises when RefAssociation
“iSNavigable” = false operations are attempted for an AssociationEnd

that is defined by the meta-model to be not
navigable.

Not Rublic ModelElement that has none “Not Public” arises when an operation] is
“visibility” =*“private_vis’ attempted for a “private” or “protecteq” feature.
or* rr_\rnfor\farl_\lic”

Wrong Scope Attribute or Operation none “Wrong Scope” arises when an attempt is made
with “scope” = to use an instance-level Attribute or Operation
“instance_level” from a Class proxy object.
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AssociationEnd, or
Parameter for the value
that isin error.

The value or object whose
type isincorrect in this
context. (The first version is
used when the value in error
was passed as an Any, and the
second when it was passed as
a RefObject.)

“expected_type” :
Any(TypeCode)

The CORBA TypeCade that
the value should fave been.

Any value has the Wrong type for con|
which it was supplied. For example;
* A RefObject whose most derived ty

Reflective “Element_in_error” Sandard “extra_info” Description
error
Wrong Reference or Attribute none “Wrong Multiplicity” arises when a reflective
Multiplicity used in error. operation is requested where the corresponding
Speette-operatton-tees-het-extstfertis
feature’'s multiplicity. For example!
e amember update on a [0..1]corJ1..[1] feature,
e aunset on afeature that is net [0..1],
e an add_value_at on ap~unerdered feature.
Wronp Type Attribute, Reference, “invalid_vaue’ : Any “Wrong Type” arises-when a RefObjeft or an

extin

peis

incorrect;\for example, has the wropg M2-
levél-Class or is a Class proxy inst¢ad of

Instance, or vice versa.

e LAn Any value that contains a singl¢ value
where a sequence is required, or vife versa

¢ An Any value that contains a singl¢ value or
sequence of values of the wrong CORBA

type.

Wrong Number

Class or Operation for

“number_expected” :

“Wrong Number Parameters’ arises when a

Parameters which the wrong number Any(Unsigned Long) client calls “refCreatel nstance” or
of actual parameters was The expected number of “refInvokeOperation” with too few or[too many
supplied. actualparameters. parameters.
Invalid A nil object reference none “Invalid Deletion” arises when a client calls
Deletion “refDelete” on a meta-object that cannot be
deleted thisway; that is, an Associatioh object, a
Class Proxy object, or a dependent Package
object.
The fdlowing IDL defines the error_kind strings for the above Reflective errors:

const

s5tring INVALID_DESIGNATOR_VIOLATION =
rg.omg.mofireflective.invalid_designator”;

5tring WRONG_DESIGNATOR_DESIGNATOR_VIOLATION =

org.emg.mof:reflective.wrong_designator_kind";
const strgUNKNOWN-—DESIGNATORHOEATON=

"org.omg.mof:reflective.unknown_designator";

const string ABSTRACT_CLASS_VIOLATION =

"org.omg.mof:reflective.abstract_class";

const string NOT_CHANGEABLE_VIOLATION =

"org.omg.mof:reflective.not_changeable";
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const string NOT_NAVIGABLE_VIOLATION =
"org.omg.mof:reflective.not_navigable”;
const string NOT_PUBLIC_VIOLATION =

"org.omg.mof:reflective.not_public";

const string WRONG_SCOPE_VIOLATION =
"org.omg.mof:reflective.wrong_scope";

const string WRONG_MULTIPLICITY_VIOLATION =

o

rg.omg.mof:reflective.wrong_multiplicity";

const string WRONG_TYPE_VIOLATION =

o

rg.omg.mof:reflective.wrong_type";

const tring WRONG_NUMBER_PARAMETERS_VIOLATION =

o

rg.omg.mof:reflective.wrong_number_parameters";
const string INVALID_DELETION_VIOLATION =

org.omg.mof:reflective.invalid_deletion”;

Other|Exception

There |s one exception to this — when an Operation defined in the metamodel raises an Exception that is aso [defined in
the matamodel; see below.

The OtherException exception is raised when a'eall to “reflnvokeOperation” results in an error condition that
corrs]zonds to an M2-level Exception defined for the Operation in the metamodel.

exceplion OtherException {

DesignatorType exception_designator;

VdluesType exception_args,

The arguments to the-OtherException exception are as follows:
» | exception,designator givesthe designator for the M2-level Exception raised.

» | exception_args isan ordered list of CORBA Any values that represent the arguments of the Exception rgised. The
encoding of thisfield is defined in the specification of the “reflnvokeOperation” on page 263.

NOTE: When an error condition could be expressed as either a Reflective error or a Structural error, the latter takes
precedence. For example, if oneend of Link inacall to “refAddLink” isanil object reference, this should be signalled as “ Nil
Object” rather than “Wrong Type.”

95 Preconditions for IDL Generation

The IDL mapping may not produce valid CORBA IDL if any of the following preconditions on the input meta-model is
not satisfied:
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The MOF Model constraints, as defined above, must all be satisfied for the input meta-model.
The input meta-model must be structurally consistent.

The visible names within a NameSpace must conform to the standard CORBA IDL identifier syntax:

“Anidentifier is an arbitrarily long sequence of ASCII alphabetic, digit and underscore (“_") characters.

Names

“Substitute Name,” on page 196).

NOTE!
Howey
within

I'heTirsta character must be an ASCUIT alphabetic character.

of Model Elements that have avalid “idl_substitute_ name” Tag are excepted from this precondition;’(spe 9.6.2.1,

No such requirement applies to Model Elements such as Tags whose names are not visibleinthe IDL map
er, for these “invisible” elementsit is advisable to use a naming convention that minimizesthe risk of name
the Namespace itself.

The visible M odel Element names must map to contextually unique IDL identifiersiafter name substitution (
“Substitute Name,” on page 196), the application of the Format1, Format2 ornFermat3 name rewriting algo
9.7.1, “Generated IDL Identifiers,” on page 198) and other name mangling,as specified in the mapping tem

An AliasType, CollectionType, or StructureType may not depend on itself viaachain of *1sOf Type' and ‘G
links between DataType or StructureField instances. For exampleM OF DataTypes that map to IDL recurs
types are not supported.

A nested Package may not be used as a subtype or superty[ge.
A nested Package may not import or be imported by.another Package.

The following interim visibility definitions and censtraints apply to the IDL mapping:
* A ModelElement is visible to another M odel Element only if the former has visibility of “public_vis.”

* A ModelElement declared withinanother top-level Package isvisible within atop-level Package only if
Package isimported, clustered,.or-inherited by the latter Package.

« One Model Element can only:depend on another (in the sense of the M 2-level DependsOn Association)
is visible from the formerwithin the definition of visibility immediately above.

After name substitution.(see “ Substitute Name” on page 196), the name of an Import must equal the name
“importedNamespace.”

A Class may pet.be nested within another Class.
A Class may‘not be imported.

If a Constraint is contained by a DataType or Operation, its name must also be unique in the DataType or G
container Namespace.

bing.
collision

bee 9.6.2.1,
ithms (see
plates.

ontains'
live data

the former

f the latter

Df its

peration’s

Model Elementsin ameta-model cannot be cyclically dependent except as follows:

« A dependency cycle consisting of one or more Classes islegal, provided they all have the same container.

« A dependency cycle consisting of one or more Classes and one or more DataTypes or Exceptions, islegal provided

they all have the same container.

NOTE: This precludes circular importing and circular clustering. It also precludes recursion between “pure” DataTypes. (The
two exceptions correspond to cases that can be expressed in OMG IDL using forward interface declarations.)
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CORBA 2.3 adds an additional IDL restriction: “The name of an interface or a module may not be redefined within the
immediate scope of the interface of the module.” For example;

module M {
typedef short M; Il Error: M is the name of the module
/l'in the scope of which the typedef is
interface 1 {

void i (in short j);
/I Error: i clashes with the interface

h

The IDL templates in this specification do not contain any patterns of this form. However, poarychoice of names in a
meta-model may generate IDL that violates this restriction. In particular, the same name should not be used fdr both a
contaimer and its contents. For example, a Package should not have the same name as one\of its Classes, Data[lypes, or
A$ociTations. A Class should not have the same name as one of its Attributes or Refereneés. An Association should not
have the same name as one of its AssociationEnds.

9.6 | Standard Tags for the IDL Mapping

This syib clause defines the standard Tags that apply to the Model to IDL ‘mapping. Other Tags may be attachgd to the
elements of a meta-model, but the meaning of these Tags is not specified. Similarly, this sub clause does not gpecify the
meaning of the Tags below in contexts apart from the Model to |DL~mapping.

All standard Tag identifiers for the IDL mapping start with the prefix string:

“org.omg.mof.idl_"
The ngtation used below for defining the Tags is described in Table 7.5 on page 137.
NOTE{ Many of the IDL mapping Tags significantly alter the interface signatures of the generated IDL. It is prudent for an
IDL generator to only respect | DL mapping Tags when they are contained within the respective meta-model. Otherwise, it may
not be possible to determine which Tagswere in effect when the meta-data server was generated. This would makg it hard for

aclient to infer the meaning of generated IDL at runtime. It would also make problems for automatic server and cl{ent
genergors.

9.6.1| Tags for Specifying IDL #pragma directives

9.6.1.1 IDL Prefix

This tgg allows-the meta-modeler to specify the CORBA Interface Repository Identifier prefix for the generated|IDL. This
is essentiak when a MOF meta-model is used as the authoritative source for IDL for some other OMG standardgl.

tag id: “org.omg.mof.idl_prefix”

attaches to: Model::Package

values: one String

meaning: This tag supplies a Repositoryld prefix that is used for the entire module generated for the
Package.
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tag id: “org.omg.mof.idl_prefix”
idl generation: A #pragma prefix is inserted into the IDL before the “module” declaration for the Package.
restrictions: [1] A Prefix tag should only be attached to a non-nested Package.

[2] A Prefix tag should have avaluethat isavalid OMG IDL prefix, consisting of ASCII letters,
aigits, underscore (), Nyphen (=) and perfod () a5 specified i the CORBA, Cpre
specification.

[3] A Prefix tag contained by a Package takes precedence over one that is not containgd.

9.6.1.2 IDL Version
When ja MOF metamodel is modified it will often result in generated IDL that has the samie module and interfpce names
but different interface signatures. In such cases, it is strictly necessary to use different [DLversion numbers for all types,
interfaces, and exceptions whose signatures have changed. In MOF 1.4, this can bedone by attaching an Versjon tag to
the appropriate model elements.
tag igl: “org.omg.mof.idl_version”
attaches to: Model::Package, Model::Class, Model::Assaciation, Model::Attribute, Model::Operation,
Model::Reference, Model::StructureType; Model::AliasType, Model::CollectionType,
Model::EnumerationType, Model::Exception, Model::Constant, Model::Constraint
valugs: one String
mearfing: This tag supplies a version number that is used for selected IDL declarations correspgnding to
the tagged element.
idl géneration: A #pragma version is(nserted into or following selected IDL declaration for modules,
interfaces, data types, constants, and exceptions generated from the tagged model element.
Version tags on Attributes, Operations, and References result in version tags for the
corresponding-IDL operations. Refer to the respective templates for details.
restrictions: [1] A-Version tag value must have the form “<major>.<minor>" where <major> and <minor>
are’unsigned 16 bit decimal integers.
[2)~ 1t is not meaningful to attach a Version tag to an AssociationEnd, |mport, Parameéter, Tag,
StructureField, or PrimitiveType.

9.6.2| Tags\for Providing Substitute Identifiers

There pre.some situations when the IDL identifiers produced by the IDL mapping templates will result in name

collisions.

Th f 1 H + 1l oy alal + HA | | £ alal (l i +tlact N |
e TUOWITIY lay AITUOVWS A TTTCLATTTUUTTTT TU PTUVIUT A SUUSUTLULTT TUT A TTTUUTT TITITICTIU S TIATIT thal WiiT T USCuU

generation.
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9.6.2.1 Substitute Name

tag id: “org.omg.mof.idl_substitute_name”

attaches to: Model::Model Element

values: one String

meanjng: The value is a name to be used in place of the model element’s name.

idl ggneration: Wherever the IDL mapping makes use of a model element’s name, the substitute name will be

used in its place. This substitution occurs before the application of Formatl, Formatp, or
Format3 rewriting and other name mangling.

restrigtions: The preconditions described in “Preconditions for IDL Generation” on page 192 apgly to the

substitute name. For example:

[1] Theidentifier formatting rules must produce a syntactically valid OMG IDL idantifier
from the value.

[2] All identifiers produced from it must be unique ifi their respective scopes after fprmatting
and name mangling, as per the IDL mapping-specification.

[3] There can be at most one Substitute Name'tag for any given Model Element.

9.6.3| Tags for Specifying IDL Inheritance
The following tags allow the meta-modeler to specify that a generated interface inherits from one or more addifional IDL
interfaces. These tags allow the definition of MOF-based +heta-models that are upwards compatible with pre-existing

meta-data interfaces expressed in CORBA IDL.

9.6.3.1 Instance Supertypes

tag id: “org.omg.mof.idl . ihstance supertypes’

attaches to: Model::Class

values: one or mare Strings (order is significant)

meanjng: Thepvalues give the fully qualified OMG IDL identifiers for additional interfaces that the

“instance” interface for this Class should inherit from.

idl ggneration: The specified interfaces are added to the “instance” interface’s inheritance list following the
other supertypes defined by the templates. They appear in the order given.

restrigtions; [1] The values must be fully qualified identifiers for OMG IDL interfaces.
[2] There can be at most one Instance Supertypes tag per Class.
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9.6.3.2 Instance Supertypes

tag id: “org.omg.mof.idl_instance_supertypes’

attaches to: Model::Class

values: one or more Strings (order is significant)

meaning: The values give the fully qualified OMG IDL identifiers for additiona interfaces thatthe

“instance” interface for this Class should inherit from.

idl generation:; The specified interfaces are added to the “instance” interface’s inheritanceist-following the
other supertypes defined by the templates. They appear in the order giyen:

restrictions: [1] The values must be fully qualified identifiers for OMG IDL interfaces.
[2] There can be at most one Instance Supertypes tag per Class.

9.6.3.3 Class Proxy Supertypes

tag id: “org.omg.mof.idl_class proxy_supertypes’

attaches to: Model::Class

values: one or more Strings (order is significant)

meaning: The values give the fully qualified OMG’IDL identifiers for additional interfaces that the “class

proxy” interface for this Class shoul duinherit from.

idl ggneration: The specified interfaces are addedito the “class proxy” interface’s inheritance list follgwing the
other supertypes defined by the'templates. They appear in the order given.

restrictions: [1] The values must be fully qualified identifiers for OMG IDL interfaces.
[2] There can be at.most one Class Proxy Supertypes tag per Class.

9.6.3.4 Association Supertypes

tag id: “org.omg.mof.idl_association_supertypes’

attaches to: Model:Association

values: Ofie or more Strings (order is significant).

meaning: The values give the fully qualified OMG IDL identifiers for additiona interfaces that the

interface for this Association should inherit from.

idl generation:; The specified interfaces are added to the “association” interface’s inheritance list following the
other supertypes defined by the templates. They appear in the order given.

restrictions: [1] The values must be fully qualified identifiers for OMG IDL interfaces.
[2] There can be at most one Association Supertypes tag per Association.
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9.6.3.5 Package Supertypes

tag id: “org.omg.mof.idl_package supertypes”

attaches to: Mode::Package

values: One or more Strings (order is significant). .
meanjng: The values give the fully qualified OMG IDL identifiers for additional interfaces that t||1e

interface for this Package should inherit from.

idl ggneration: The specified interfaces are added to the “package” interface’s inheritance list following(the other
supertypes defined by the templates. They appear in the order given.

restrigtions: [1] The values must be fully qualified identifiers for OMG IDL interfaces.
[2] There can be at most one Package Supertypes tag per Packagé,

9.7 Generated IDL Issues

During the design of the MOF Model to IDL mapping, several design decisions' were made that are explained {n this sub
clause

9.7.1| Generated IDL Identifiers
Identiffer naming is an important issue for automatically generated IDL, especially when that IDL is intended to be used

by apglications written by human programmers. The mapping has to reach a balance between conflicting requ(rements:

« | Syntactic correctness - all identifiersin the mapped IDL must conform to the defined CORBA IDL syntax,|and they
must all conform to the CORBA scoping and-upper/lower casing restrictions.

« | User friendliness - identifiers should convey as much information as possible without being overly long.

« | Conformance to existing conventions - identifiers should conform to existing stylistic conventions.

identifjer is formed from one or_ mere words in some natural language. The conventions allow digits to be usedl in words

and tale account of acronyms.\The Style Guide then specifies three different styles for putting some words toggther as an
identifjer. In particular:

The OMG conventions for IDL ideftifiers (see “OMG IDL Style Guide: ab/98-06-03") are based on the noti;% that an

« | Identifiers forIDK module, interface, and types are capitalized. If the name consists of multiple words, each word is
capitalized itvthe identifier.

- | ldentifiersfor IDL operations, attributes, formal parameters, struct, and exception members are al lower-cgse. If the
narhe'consists of multiple words, the words are separated by underscores (“_") in the identifier.

L oleadki b £ LB pry " | " 11 Ll Y £ Lol h
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words are separated by underscores (“_") in the identifier.

9.7.1.1 Rules for splitting MOF Model::ModelElement names into "words"
The MOF Model represents the “name” of a Model Element using the MOF String data type; that is, as UTF-16 strings.

The IDL mapping typically needs to convert these names (or alternates provided using an “idl_substitute_name” tag) into
OMG IDL identifiers for use in a variety of IDL contexts.
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Since the MOF Model (like the UML meta-model) does not restrict Model Element name strings, not al names can be
mapped to legal OMG IDL identifiers. For example, names that include graphic characters or accented letters do not map
to IDL identifiers.

Names that are subject to mapping must consist only of ASCII letters, digits, hyphens (‘*-'), underscores (‘') and white-
space characters, and must conform to the following syntax:

wqgrd ti= [A-Z] [A-Z0-9] * [a-20-9]*
| [a-z] [a-20-9] *
wlite-space: := sSp, CR, LF, HT, VT
nqn-sig ti= { ** ] *-' | white-space }*

identifier::= [non-sig] word { non-sig word }* [non-sig]

The aljove syntax defines a heuristic for splitting names into a sequence of words. They,can’then be reassembled into
OMG |DL identifiers using the 3 formats below. The “non-sig” characters are non-significant and are discarded.

NOTE The behavior of the IDL mapping for names that do not match the above syntax is not specified.

9.7.1.2 IDL Identifier Format 1

In Format 1, the first letter of each word is converted into upper case,»and other letters remain the same case as|input. The
words|are not separated by other characters. The table below listsisome examples of Format 1 identifiers.

Name Name split into words Identifier in Format 1
foo “foo” Foo

foo_har “foo” “bar” FooBar

ALPHADbetical Order “ALPHADbetical* “Order” ALPHADbetical Order
-alB2c3-d4- “al” “B2c3¥“d4” A1B2c3D4

DSTC pty Itd “DSTE™ “pty” “Itd” DSTCPtyLtd

Format 1 is used by the IDL mapping to produce the names of modules and interfaces.

9.7.1.3 IDL Identifier Format 2
In Format 2, all letters in each word are converted into lower case. Each word is separated by an underscore “{ .” The
table helow lists'some examples of Format 2 identifiers.
Name Name split into words Identifier in Format 2
foo TOO TOO
foo_bar “foo” “bar” foo_bar
ALPHAbetical Order “ALPHADbetical” “Order” alphabetical_order
-alB2c3 d4 “al” “B2c3” “d4” al b2c3 d4
DSTC pty Itd “DSTC” “pty” “Itd” dstc_pty_Itd
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Format 2 is used by the IDL mapping for identifiers for IDL operations, exceptions, attributes, formal parameters,
exception members, and members of generated struct types.

9.7.1.4 IDL Identifier Format 3

In Format 3, all letters in each word are converted into upper case. Each word is separated by an underscore “_.” The
table Helow lists some examples of Format 3 identifiers.

Name Name split into words Identifier in Format 3

foo “foo” FOO

foo_har “foo” “bar” FOO_BAR

ALPHAbetical Order “ALPHADbetical” “Order” ALPHABETICAL_ORDER
-alB2c3 d4 “al” “B2c3” “d4” Al B2C3 D4

DST¢ pty Itd “DSTC” “pty” “Itd” DSTC_PTY, LD

Formal 3 is used by the IDL mapping for identifiers for IDL constants.

9.7.1.% Literal String Values

Literal| string values (in String valued Constants) are not subjeetto word splitting and reformatting. They should be output
in the penerated IDL as wide-string literals with character escape sequences as required to express the String Value as
legal IDL.

9.7.2| Generation Rules for Synthesized-Collection Types

The MIOF Model allows Attributes, AssociétionEnds, References, and Parameters to being single-, optional-, qr multi-
valued) depending on the ModelElement’s base type and its multiplicity.

At var|ous places in the mapped interfaces, it is necessary to pass collections that represent values for the optipnal- or

multi-yalued cases. The IDL mapping synthesizes an IDL type for representing these collections. This type is atypedef
(i.e., ah alias) for an unbounded/CORBA sequence of the collection’s base type, where the name of the typedef depends
on the|corresponding MadelElement’s multiplicity specification.

For expmple, for an ordered unique collection, the synthesized collection type would be a “unique list” (or Ulist) type.
The typedef name for'a unique list takes the form <Classifier Type>UList (i.e., the name of the collection base|type
followpd by the.characters “UList”). For example, if an M2-level Operation returns an ordered, unique list of spme Class
caled ['Foo,sthen the IDL type for the corresponding operation’s result is declared as follows:

interface-Foo;.
typedef sequence <Foo> FooUList;

Similar collection kind naming conventions are used for constructed data types. Thus for a non-ordered unique collection
of an enumeration type, the mapping would produce the following:

enum SomeEnum {el, e2};
typedef sequence <SomeEnum> SomeEnumSet;
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There are four distinct collection type suffixes corresponding to the combinations of the “isOrdered” and “isUnique” flags
for an element’s “multiplicity” attribute. The appropriate suffix should be generated whenever <CollectionKind> appears
in the IDL templates below.

Multiplicity Flags Collection Kind Suffix
none bag Bag
ordered list List

uniqye set Set

ordered, unique unique list (ordered set) UList

Note that the MOF Model specification includes a relevant Constraint on multiplicity values; see the

“MustBeUnorderedNonunique” constraint in 7.9.4, “The MOF Model Constraints,” onpage 105. This states that when a
featurg’s multiplicity bounds are [0..1], both the “isOrdered” and “isUnique” are set(to false. As a consequencg, the
<CollgctionKind> suffix for a [0..1] collection type is always “Bag.”

When [the base DataType maps to a built-in CORBA data type, the base name'for the synthesized collection type is

definefl as shown

in Table 9.3.

Table P.3 - Base Names for Synthesized Collections of built-in IDL types

MOHR PrimitiveType CORBA data type Base name
Prim(tiveTypes::Boolean boolean Boolean
PrimltiveTypes::Integer leng Long
Prim{tiveTypes::Long long long LongLong
Primi{tiveTypes::Float float Float
PrimitiveTypes::Double double Double
PrimltiveTypes::String wstring WString
CorbpldI Types::CorbaShort short Short
CorbpldITypes:: CorbalJrisignedShort unsigned short UShort
CorbpldITypes:: CarbaUnsignedL ong unsigned long ULong
Corbpl dI Types:;€orbaUnsignedL ongL ong unsigned long long ULongLong
Corbpl dI'Types::Corbal.ongDouble long double LongDouble
Corbald Types::CorbaOctet octet Octet
CorbaldI Types::CorbaChar char Char
CorbaldITypes::CorbaString string String
CorbaldI Types::CorbaW Char wchar WChar
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Declarations for the collection types appear following the IDL declaration for a DataType or the forward IDL declaration
for a Class. Declarations for synthesized collection types for technology neutral and CORBA specific primitive data types
appear in the “PrimitiveTypes’ and “Corbal dl Types’ modules respectively. The corresponding IDL files will typically be
“#included” as required.

Operations produced by the IDL mapping with collection parameters must ensure that the sequence values supplied and

_ . . P A . . . .
returnguave aIT appPropITate TaImper o ererments, Whem CoMectToT parameters are Sets or unmque Tsts; operatrons must

also ensure that the sequence values contain no duplicates.

9.7.3

To avdg

9.7.4

generd

9.8

Model
modul

embed

The 10
Contai
restric

The m
generd
proper,

IDL Identifier Qualification

File Organization and #include statements

IDL Mapping Templates

ded in it (assuming that IDL is produced-for Y).

L mapping supports the containment hierarchy for Model Elements as described in 7.3.4, “The MOF M

ions on meta-models that can-be successfully mapped are described in the same sub clause.

Bpping rules are described in terms of IDL templates. Each Template describes the maximum IDL that
ted when mapping MOF Model objects. In any specific case, the actual IDL generated will depend on t
ies of the corregpending MOF Model object.

hment Hierarchy,” on page 40,%except as stated in 9.5, “Preconditions for IDL Generation,” on page 192.

id scoping errors within the mapped IDL, identifier names must be either fully qualified; or partialy qalified to
an appropriate level. This specification leaves the choice between the use of fully or partialy qualified identif
implementor.

ers to the

This SEI:ecification does not prescribe how the generated IDL is organized into fites. Therefore, the generation rules do not
contai any “#include” statements. An implementor must decide how to<rganize the generated IDL into files,

and must

fe appropriate “#include” statements to ensure that the resultant NDL can compile. Similarly, the implemégntor must
genergte “#ifndef” guards as required by the OMG style rules.

specific IDL is produced by traversing the contaitiment hierarchy of atop-level M2-level Package. Thg CORBA
b structure of the resulting IDL directly reflects the containment hierarchy of the source Package. If element X
contaims element Y in the source model, then the IDL corresponding to X will have the IDL corresponding to

Y

hdel
Further

ould be
he

specifi

cations given earller in9.3," Computaﬂonal Semant|cs for the IDL Mappl ng,” on page 165.

NOTE: The Template approach used here is a notational convenience, not a required or suggested implementation strategy.
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Appear ance (by example)

M eaning

typefdet

I'ne fiteral characters in bold Tont should be generated.

generated IDL.

<AttrfibuteType> The characters should be substituted for the described identifiersing [ dentifier
Format 1. The <> do not appear in the generated IDL.

<attrjbute_name> The characters should be substituted for the described identifier using the
Identifier Format 2. The <> do not appear in the generated IDL.

<CONSTANT_NAME> The characters should be substituted for the descfibed identifier using the
Identifier Format 3. The <> do not appear inthegenerated IDL.

<CONSTANTVALUE> The characters should be substituted for the-described identifier withgut
formatting (i.e., asis). Typically, theseé:are literal values. The <> do npt appear
in the generated IDL.

<<XYP TEMPLATE>> Apply the named template. The'<<>> do not appear in the generated|IDL.

some|phrase, ... The ellipsis characters “. . ~*following the “,” indicate that this genefates a
comma separated list of “some phrase.” It is implicit that there is no comma at
the end of the list.

[ some phrase ] The square bracket*characters “[]” surrounding a phrase in a templatg indicate
that the phrase'fmay or may not be required, depending on context.

/I for|each parameter Gives the‘tules on when and how to perform the IDL generation, or $ome
general ,commentary on the process. The rules themselves do not appear in the

9.8.2| Package Module Template

This syib clause describes the fules for mapping a MOF Package object to a CORBA IDL module as expresseq in the

PackaI: Module Template:
The P

kage Module-Template generates a CORBA IDL module that contains the IDL for each of the M2-lev
Constants, DataTypes; Exceptions, Constraints, Imports, Classes, and Associations in an M2-level Package. It

e
al so

contains the IDI for the M1-level Package and Package Factory interfaces, and type declarations for various gollection
types. Most of<this is defined in subsidiary templates. IDL generation is suppressed if the Package “visibility”|is not
“public_vis,”

Template

<<ANNOTATION TEMPLATE>>

// 1f this Package has visibility of private or protected, no IDL is

// generated for it

module <PackageNames> {

// 1f this Package has an idl_version Tag

#ipragma version <PackageName> <versions>
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interface <PackageName>Package;

// forward declaration

// for each Class contained in the Package

<<CLASS FORWARD DECLARATION TEMPLATE>>

// for each Package, DataType, Exception,

// and Constant contained by the Package,
<<PACKAGE MODULE TEMPLATE>>

<<DATATYPE TEMPLATE>>

<<EXCEPTION TEMPLATE>>

<<CLASS TEMPLATE>>

<<ASSPCIATION TEMPLATE>>

<<CO§ETRAINT TEMPLATE>>

<<CO:.

TANT TEMPLATE>>

// Generate the Package Factory interface

<<PACKAGE FACTORY TEMPLATE>>

// Generate the Package interface

<<PACKAGE TEMPLATE>>

}i: //| end of module <PackageName>

Desclfiption

The P3

Class, Association, Constraint,

generate the appropriate IDL

ckage Module Template starts-by*rendering the M2-level Package's “annotation” attribute as a comment using the

Annotgtion Template. This is followed by the IDL module header for the Package's module. The module namg is
<PackiageName>.

The te
interfa

for all

Declarption Templete,” on page 209.

Next,

204

DL must be generated for the current M2-level Package's “contents’ as follows:

For nested Packages, use the template defined in 9.8.2, “ Package Module Template,” on page 203.

Mplate generates forward declarations for some IDL interfaces. First, it forward declares the M1-level Hackage
Ce, giving it theQame <PackageName>Package. Then, it forward declares the Class proxy and Instance]interfaces
M2-level Classesin the current M2-level Package's “contents’ using the template defined in 9.8.5, “ Clags Forward

For Classes, use the template defined in 9.8.6, “Class Template,” on page 209.

For Associations, use the template defined in 9.8.10, “ Association Template,” on page 214.

For Constants, use the template defined in 9.8.13, “ Operation Template,” on page 240.

For Exceptions, use the template defined in 9.8.14, “ Exception Template,” on page 242.

For DataTypes, use the template defined in 9.8.15, “ DataType Template,” on page 243.
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» For Constraints, use the template defined in 9.8.16, “ Constraint Template,” on page 245.

The IDL for the contained Model Elements must be generated in an order that reflects their dependencies. For example,
the IDL for a DataType should appear before the IDL for other Model Elements that use it.

Finally, the Package Module Template generates the Package Factory and Package interfaces for the current M2-level
Package using the templates respectively defined in 9.8.3, “Package Factory Template,” on page 205 and 9.8.4, “Package

Templgte,” on page 206.

9.8.3| Package Factory Template

The Package Factory Template defines the IDL generation rules for the Package Factory interface; see 9.2.1.1] “ Package
object$ and Package Factory objects,” on page 162 and 9.2.2, “The Meta Object Interface Hierarchy,” on pagq 163.

A Package Factory interface is generated for top-level M2 Packages only. The interface\iSnamed
<PackageName>PackageFactory and it contains a single “factory” operation, as described below.

Temp|ate
// 1f| the this Package is top-level

inter{fface <PackageName>PackageFactory

{

// 1f| this Package has an idl_version Tag

#ipragma version <PackageName>PackageFactory <vézrsion>

<PackiageName>Package create <package name>J\package (
/A for each non-derived class-level *Attribute of any directly or
/A indirectly contained Class within this Package and its closure
/A under Package generalizatiom)and clustering.

in <AttributeTypes>[<CollectionKinds>]

<qualified attribute \names,
)

raisels (Reflective::MofError) ;

}:

IDL Supertypes

none

Operatigns

create_<package_name>_package

Package.

The “create_<package name>_ package’ operation creates a new Package object that is an instance of this M2-level

reflective analog:

none
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return type: <PackageName>Package

parameters:; <qualified_attribute_name> :
in <AttributeType>[<CollectionKind>],

exceFl-inne- MofErrar (Ovarflow: Lindarflaw, Dunlicata)
oS VO =T oo v CriTovy —oHaCH oYW TDopireat e

Z

The parameters for “create_<package name>_package” give the initial values for any non-derived classifier-stoped
AttribItes for all Classes that belong to this M2-level Package's extent.

As Atfributes in different Classes can have the same name, the parameter name <qualified_attribute name> i qualified
relative to the Package (e.g., “classl_attributel”).

When the Attribute multiplicity is not [1..1], the <AttributeType> has an appropriate ColfectionKind suffix appgended; see
9.7.1.5, “Literal String Values,” on page 200.

The parameters are declared in a sequence defined by a recursive depth-first traversal of the Package's ancestoys clusters
and camponents, visiting a Package's supertypes before its contents. The follawing ordering rules apply:

1.| A Package's supertype Packages are processed before the * contentS™of the Package.
2.| The supertype Packages are processed in the order defined by.the “ Generalizes” association.

3.| Classes, Imports (with “isClustered” set to true) and nested, Packages within a Package are processed in the order of
the “Contains” association.

A Class's superclasses are processed before the t“¢ontents” of the Class.
Any Class superclasses are processed in the.order of the “ Generalizes’ association.
An Import with “isClustered” set to trieis processed by processing the clustered Package.

Attributes within a Class are processed in the order of the “ Contains” association.

o N o 0 b

When an Attribute is encountered that has already been encountered during the traversal, generation of anpther
initialization parameter is'suppressed.

The M[ofError exception can-be raised if there is a Structural, Constraint, or Semantic error. In particular, “ Overflow,”
“Undefflow,” and “Duplicate” occur if an Attribute initialization parameter does not conform to the respective Attribute's
multip|icity specification:

9.8.4| Package Template

je objects

A Package interface is named <PackageName>Package and it contains read-only IDL attributes giving the dependent
Package, Association, and Class proxy objects for a Package object.

Template
interface <PackageName>Package :

// 1f Package has no super-Packages
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Reflective::RefPackage

// else for each public super-Package (in order)

<SuperbPackage>Package,

// 1f Package has a "“Package Supertypes” Tag

// for each supertype defined by the Tag (in order)

4

R YRR RN

rq

rq

rq

rq

Supel

If the

inherit
Refleg

If the |
the ge

Attrib

cluste)

<PackageSupertypeName>,

if this Package has an idl version Tag

ragma version <PackageName>Package <versions>

for each Package for an Import where:
is clustered == true and
Import.visibility == public and
importedNamespace.visibility == public
adonly attribute <ClusteredPackageName>Package
<clustered package name> ref;
for each public contained Package
adonly attribute <NestedPackageName>Package
<nested package name>_ ref;
for each public contained Class
adonly attribute <ClassName>Class <class name>_ref;
for each public contained Association

adonly attribute <AssociationName> <association name>_ref;

};

types

M2-level Package inherits from other M2-level Packages with “visibility” of “public_vis,” the Package
5 from the interfaces cofresponding super-Packages. Otherwise, the Package interface inherits from
tive:: RefPackage.

M 2-level Packagde has a “ Package Supertypes’ Tag (see 9.6.3, “Tags for Specifying IDL Inheritance,” on
nerated Package interface also inherits from the IDL interfaces specified by the Tag.

utes

edypackage_name>_ref

nterface

page 196),

An attribute of this form is generated for each public clustered Package of the current M2-level Package. The attribute is
generated if and only if:

1
2.
3.

the Import’s “isClustered” flag istrue,
the Import’s “visibility” is“public_vis,”

the Import’s “importedNamespace” is a Package, and
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4. the clustered Package has “visihility” of “public_vis.”

The attribute holds the object reference for the M1-level Package's M1-level clustered Package object.

reflective analog: ref_package ref(<clustered_package designator>);
10.2.5, “Reflective::RefPackage (abstract),” on page 269.

type: <ClusteredPackageName>Package

multiplicity: exactly one

changeable: no

<nestgqd_package_name>_ref

An attribute of this form is generated for each nested Package in the current M2-level Rackage whose “visibility” is
“publi¢_vis.” The attribute holds the object reference for the M1-level Package's M I=level nested Package objgect.

refledtive analog: ref_package ref(<nested package designator=);
10.2.5, “Reflective::RefPackage (abstract){’,on page 269.
type: <NestedPackageName>Package
multiplicity: exactly one
changeable: no

<clasg name>_ref

An attfibute of this form is generated for each Class-in the current Package whose “visibility” is “public_vis.”| The
attribute holds the object reference for the M1-level-Package's M 1-level Class Proxy object.

reflegtive analog: ref_class_ref(<class_designator>)
type: <ClassName>Class

multiplicity: exactly one

changeable: no

<assotiation_name>_qef

An attribute of thisfferm is generated for each Association in the current Package whose “visibility” is “public| vis.” The
attribute holds the object reference for the M1-level Package's M1-level Association object.

reflegtive, analog: ref_package ref(<association_designator>);
type: <AssociationName>
multiplicity: exactly one
changeable: no
Operations
none
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9.8.5 Class Forward Declaration Template

The Class Forward Declaration Template defines the IDL generation rules for the forward interface declarations for an
M2-level Class whose “visihility” is“public_vis.” It also produces any Class collection type declarations required by the
IDL of the containing Package(s).

Temp|ate
// 1f] the Class has visibility of protected or private, no IDL

// 1s| generated.

interfface <ClassName>Class;

interlfface <ClassName>;

typedef sequence < <ClassName> > <ClassName>Set;
// if this Class has an idl_version Tag

#pragma version <ClassName>Set <versions>

typedef sequence < <ClassName> > <ClassName>Bag;
// if this Class has an idl_version Tag

#pragma version <ClassName>Bag <versionx

typedef sequence < <ClassName> > <ClassName>List;
// 1if this Class has an idl_versdon Tag

#pragma version <ClassNamesLigt <versions>

typedef sequence < <ClassName>\> «<ClassName>UList;
// if this Class has(ap® idl_version Tag

#pragma version <ClassName>UList <versions>

Desclliption

The Class Forward Declaration Template generates a forward declaration for the Instance and Class proxy intérfaces for
an M2tlevel ClasssThese have IDL identifiers <ClassName> and < ClassName> Class respectively. The synthesized
collection type.declarations for the Class follow the forward declarations.

9.8.6| ,Class Template

The Class Template defines the IDL generation rules for an M2-level Class whose “visibility” is“public_vis.” TheIDL is
generated within the module for the Class's containing Package and consists of a comment followed by the complete
Classes Class Proxy and Instance interfaces.

Template
// 1f the Class has visibility of protected or private, no IDL

// 1s generated
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<<ANNOTATION TEMPLATE>>
<<CLASS PROXY TEMPLATE>>
<<INSTANCE TEMPLATE>>

Description

See 9.8.7,"Class Proxy Templaie,” on page 210 and 9.8.6, - Class Templaie,” on page 209.
9.8.7| Class Proxy Template

The Class Proxy Template defines the IDL generation rules for the <ClassName> Class interfacefor an M2-lgvel Class
whosel“visibility” is“public_vis.” Thisinterface has operations for any classifier-scoped Attributes and Operatijons, along
with alfactory operation and IDL attributes that give access to the extant Instance objects.(1t,also contains IDL
declargtions corresponding to any DataTypes, Exceptions, Constants, and Constraints in‘the M2-level Class.

Template

interfface <ClassName>Class
/A 1f Class has no super-Classes
Rgflective: :RefObject
/A else for each super-Class

<YuperClass>Class,

/A 1f Class has a "“Class Proxy Supertypes” Tag
/ for each supertype defined by the, Tag (in order)
, |<ClassProxySupertypeName>, ... {

if this Class has an 1idl version\Tag

#ipragma version <ClassNamesClass <versions>

/V all <ClassName> includding subclasses of <ClassName>

rgadonly attribute <ClassName>Set all of type <class names;

/A if the Class is“fiot abstract
//| all <ClassName> excluding subclasses of <ClassName>

rgadonly attribute <ClassName>Set all of class <class names;

/A foreeach Constant, DataType, Exception, Constraint,

/A elassifier-scoped Attribute and classifier-scoped Operation

/ f~tr—the—¥ass—generate—the—appropriate—FbE

<<DATATYPE TEMPLATE>>

<<CONSTRAINT TEMPLATE>>

<<CONSTANT TEMPLATE>>

<<EXCEPTION TEMPLATE>>

<<ATTRIBUTE TEMPLATE>> // public classifier-level only
<<OPERATION TEMPLATE>> // public classifier-level only
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// if the Class 1is not abstract
<<CLASS CREATE TEMPLATE>>

}: // end of interface <ClassName>Class

Supertypes

If the M2-level Class inherits from other M2-level Classes, the generated Class Proxy interface inherits from the
corresponding supertype Class Proxy interfaces. Otherwise, the Class Proxy interface inherits from
Reflegtive::RefObject.

If the M2-level Class has a“Class Proxy Supertypes’ Tag (see 9.6.3, “Tags for Specifying1DL Inheritance,” ¢n page
196), the generated Class Proxy interface also inherits from the IDL interfaces specified by the Tag.

Attributes

all_of [class_<class_name>

The “gll_of_class <class_name>" attribute gives all Instance objects in the)current extent for the corresponding M2-level
Class. [The attribute is only generated if “isAbstract” is false for the Class.

reflegtive analog: ref_all_objects(<class designator>, false)

type: <ClassName> (multiplicity, zéro or more, unique, non ordered)
multiplicity: exactly one

changeable: no

The value of this attribute mirrors the definition of Instance object lifetimes; see 9.3.4.2, “Instance object lifegycle
semanfics,” on page 171. It does not include any deleted Instance objects.

all_of |type_<class_name>

The “gll_of type <class name>Y attribute gives all Instance objects in the current extent for the corresponding M2-level
Class ¢r for any M2-level sbibClasses.

reflegtive analog: ref_all_objects(<class _designator>, true)

type: <ClassName> (multiplicity zero or more, unique, non ordered)
multi plicitys exactly one

changeable: no

The value of this attribute mirrors the definition of Instance object lifetimes; see 9.3.4.2, “Instance object lifecycle
semantics,” on page 171. It does not include any deleted Instance objects.

Operations

The operations for a <ClassName>Class interface are produced by the Attribute, Operation, and Class Create Templates.
Note that the operations for the M2-level Classes instance-scoped features do not appear in this interface.
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9.8.8 Instance Template

The Instance Template defines the IDL generation rules for the <ClassName> interface for an M2-level Class whose
“visibility” is “public_vis.” This interface contains operations for the M2-level Classes instance-scoped Attributes and
Operations, along with any References.

Template

interfface <ClassName> :
/A (The Instance interface inherits the Class Proxy interface
/A for the Class and Instance interfaces for any super-Classes)
<JlassName>Class
/A for each super-Class of this Class (in order)
, |<SuperClassName>,

/A 1f Class has an “Instance Supertypes” Tag

/ for each supertype defined by the Tag (in order)

, |<InstanceSupertypeName>, ... {

if this Class has an idl_version Tag

#pragma version <ClassName> <version>

/A for each Attribute, Reference, Operationxcontained in
/A this Class, generate the appropriate IDL

<4ATTRIBUTE TEMPLATE>> // public instance-level only
<{REFERENCE TEMPLATE>> // public only

<4OPERATION TEMPLATE>> // public (instance-level only

}; //| end of interface <ClassName>

Supeltypes

The Instance interface for anm:M2-level Class inherits from the Class's Class Proxy interface, along with the Instance
interfaces for all of its M2-level super-Classes.

If the M2-level Classhas an “Instance Supertypes’ Tag (see 9.6.3, “Tags for Specifying IDL Inheritance,” on page 196),
the generated InstancCe interface also inherits from the IDL interfaces specified by the Tag.

Attributes

none

Operations

The operations for an Instance interface are generated by the Attribute, Reference, and Operation Templates. Note that the
operations for instance-scoped Attributes and Operations only appear here.
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9.8.9 Class Create Template

The Class Create Template defines the IDL generation rules for the Instance factory operation for a non-abstract M 2-level
Class whose “visibility” is “public_vis.”

Template

<ClasisName> create_ <class name> (
/A for each non-derived direct or inherited attribute
i <AttributeType>[<CollectionKind>] <attribute names,
)

raisels (Reflective::MofError) ;

Opergtions

createl <class_name>

The “dreate_<class hame>" operation creates new Instance objects for the M2-jevel Class (i.e., instances of the Class's
<ClasgName> interface).

reflegtive analog: ref_create_instance(<class _desighator>, <attr_name>,...)

returm type: <ClassName>

paranneters: in <Attr TypeName>[ <CollectionType>] <attr_name>, ...

excegtions: MofError (Overflow,WUnderflow, Duplicate, Composition Closure, Supertype
Closure, Already-~Created)

The parameters to “create_<class name>" provide initial values for the M2-level Class's non-derived attributes.
Paramegter declarations are generated in an ‘erder defined by a recursive depth-first traversal of the inheritance|graph.
More precisely:

1.| A Classes super-Classes@are-processed before the Classes’ Attributes.

2.| Super-Classes are processed in the order of the “Generalizes’ association.

3.| The Attributesef€ach Class or super-Class are processed in the order of the “ Contains’ association.
4

When an Atfribute is encountered with a“scope” value of “classifier_level” or an “isDerived” value of trde no
parameter)is generated.

5. Whenran Attribute is encountered a second or subsequent time, no additional parameter is generated.

When 3
will be a collection type; see 9.7.1.5, “Literal String Values,” on page 200.

gter’s type

“Overflow,” “Underflow,” and “Duplicate” occur if an argument that gives the initial value for an Attribute does not
match the Attribute’s multiplicity specification.

“Composition Closure” occurs if the initial value for a “composite’ Attribute contains an Instance object in another
extent; see 8.11.2, “The Composition Closure Rule,” on page 155.
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“Supertype Closure” occurs if the extent for the current object cannot create Instance objects for this super-Class; see
9.3.11, “The Supertype Closure Rule,” on page 182.

“Already Created” occurs if the M2-level Class has “isSingleton” set to true, and this object’s extent already includes an
Instance object for the Class.

9.8.1¢—AsSUCTIation remptate

The Agsociation Template defines the generation rules for the Association interface corresponding to an'M2-level
Associfation whose “visibility” is “public_vis.” This interface contains the IDL operations for accessing and ugdating the
Associfation’s M1-level link set. It also contains IDL declarations corresponding to any Constraints.in the M2-|evel
Associjation.

Template

// If| the Association has visibility of protected or private,

// no| IDL is generated

// daka types for Association <AssociationNames>

structk <AssociationNames>Link {
<AssociationEndlClassName> <associationendl namé>;
<AssociationEnd2ClassName> <associationend2 .nnames;

}:

// 1f| this Association has an idl_version Tag

#ipragma version <AssociationNamexlLiink <versions

typedef sequence < <AssociationNamesLink >
<AssociationName>LinkSet;

// 1f| this Association has an idl_version Tag

#ipragma version <AssoeliationName>LinkSet <version>
<<ANNPTATION TEMPLATE>>

interfface <AssociationName> : Reflective::RefAssociation
/A 1f Assoctation has an "“Association Supertypes” Tag
/ forveach supertype defined by the Tag (in order)
, |<Asse&iationSupertypeName>, ... {

1f this Association has an idl version Tag

#pragma version <AssociationName> <versions

// for each Constraint in the Association, generate the IDL

<<CONSTRAINT TEMPLATE>>

// list of associated elements

<AssociationName>LinkSet all <association name> links ()
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raises (Reflective::MofError);

boolean exists (
in <AssociationEndlClass> <association endl name>,

in <AssociationEnd2Class> <association end2 namex)

rgises (Reflective::MofError);

// 1f| association endl is_navigable
<AssociationEndilClass>[<CollectionKind>] <association endl name> (
il <AssociationEnd2Class> <association end2 namex)

rdises (Reflective::MofError);

// 1f] association end2 is_navigable
<AssogciationEnd2Class>[<CollectionKind>] <association end2 name> (
il <AssociationEndlClass> <association endl name>)

rgises (Reflective::MofError);

// 1fl association endl is_changeable

// and association end2 is changeable

void jdd (
i <AssociationEndlClass> <association éndl name>,
il <AssociationEnd2Class> <associati&n end2 namex)

rdises (Reflective::MofError);

// 1f] association endl is_ changeable and is navigable
// and association end2 is_ changeable
// and association endl has)upper > 1 and is ordered
void ladd before <assogiation endl name> (
i <AssociationEndiClass> <association endl names>,
i <Associationknd2Class> <association end2 names>,
il <AssociationEndiClass> before)

rgises {(Reflective::NotFound, Reflective::MofError);

// 1f] dssociation endl is changeable

// and association end2 is_changeable and is navigable
// and association end2 has upper > 1 and is_ordered
void add before <association end2 name> (
in <AssociationEndlClass> <association endl name>,
in <AssociationkEnd2Class> <association end2 names>,
in <AssociationkEnd2Class> before)

raises (Reflective::NotFound, Reflective::MofError);
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// 1f association endl is_navigable and is_changeable
void modify <association endl name> (
in <AssociationEndlClass> <association endl names,

in <AssociationEnd2Class> <association end2 names,

i <AssociationEndlClass> new <association endl name>)

rgdises (Reflective::NotFound, Reflective::MofError);
// 1f|] association end2 is_navigable and is_changeable
void modify <association end2 name> (

i <AssociationEndlClass> <association endl names,

i <AssociationEnd2Class> <association end2 names,

i <AssociationEnd2Class> new_<association end2 name>)

rgdises (Reflective::NotFound, Reflective::MofError);

// 1f|] association _endl is_changeable

// and association end2 is_changeable

void femove (
i <AssociationEndlClass> <association endl namésy
il <AssociationEnd2Class> <association end2 uame>)

rgises (Reflective::NotFound, Reflective::MofError);

Data Types

The Agsociation Template generates data type.declarations that are used to pass a link set for the M2-level Asgociation.
The <AssociationName>L ink and <AssociationName>LinkSet type declarations precede the Association intgrface

declargtion.

Supeltypes

Every generated Associatian-imterface inherits from Reflective::RefAssociation. If the M2-level Association has an
“ Assogiation Supertypes™Tag (see 9.6.3, “Tags for Specifying IDL Inheritance,” on page 196), the generated Alssociation

interface a so inheritsfrom the IDL interfaces specified by the Tag.

Attributes

none

Operations

all_<association_name>_links
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The “all_<association_name>_|links” operation creates new Instance objects for the M2-level Class (i.e., instances of the
Class's <ClassName> interface).

reflective analog: ref_all_links()

return type: <AssociationName>L ink Set

pararlneters: none

query: yes

excegtions: MofError()
The “4dll_<association_name>_|links’ operation returns the current link set for this Association.expressed using the
<AssofiationName>L ink Set type.
Whilefthe definitions in 8.9.2.1, “A Mathematical Model of Association State,” on page*150 state that an ordered
Associlation implies a partial ordering over the LinkSet, the result of the “all_<assoeiation_name>_links’ opergtion is
definegl to be a Set. A client should not draw any conclusions from the ordering of the returned links.
The operation’s signature raises Reflective::MofError to alow Constraint €rror and Semantic error conditions to be
signallied.
exists
The “gxists’ operation queries whether a link currently exists\betiveen a given pair of Instance objects in the qurrent M 1-
level Association extent.

reflegtive anal og: ref_link_exists(

Link{<assoc_end1~name>, <assoc_end2_name>})
return type: boolean
paramneters: in <AssogEnd1ClassName> <assoc_endl name>
in<AssocEnd2ClassName> <assoc_end2 name>

query: yes

excegtions: MofError (Invalid Object, Nil Object, Inaccessible Object)
The parameters to the)*exists” operation are a pair of Instance values of the appropriate type for the Associatipn. Since
MOF link relationships are implicitly directional, the order of the parameters is significant.
“Invalid Object;™ “Nil Object,” and “Inaccessible Object” occurs if either of the parameters is a non-existent, hil, or
inaccegsi ble Instance object.
<assoclation_endl_name>
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The “<association_endl _name>" operation queries the Instance object or objects that are related to a particular Instance
object by alink in the current M1-level Association extent. When “isNavigable” is set to false for the AssociationEnd, the
“<association_endl name>" operation is suppressed.

reflective analog: ref_query(
| <assnc_endl designator>_<assoc end1 name>)
retur||1 type: <AssocEnd2ClassName> [ < CollectionType>]
parameters: in <AssocEndl1ClassName> <assoc_endl name>
query: yes
exceqtions: MofError (Invalid Object, Nil Object, Inaccessible Object, Undexflow)
The <association_endl_name> parameter is the Instance object from which the caller wants to “navigate.” “Invalid

Object]
Instan

The reg
typeig
type, &

the Instance type corresponding to the AssociationEnd’s “type.” @therwise, it is a collection of the sam
s described in “Literal String Values’ on page 200.

" “Nil Object,” and “Inaccessible Object” occur when the parameter is a nor-existent, nil object or inagcessible
e object.
Sult type of the operation depends on the multiplicity of <AssociationEnd2>. If it has bounds of [1..1], the result

e Instance

“Undefflow” occurs when <AssociationEnd2> has bounds [0..1] ofrJ1..1] and the Instance object given by the[parameter
is not felated in the current Association extent. It should not ocetir’in other cases where the result type is a collegtion type.
(If thefe is a multiplicity underflow, it is signalled by returning a collection value with too few elements as opposed to
raising an exception.)
The result of the operation gives the object or collection of objects related to the parameter object by a Link dr Links in
this Asgsociation. If the multiplicity is[1..1], the result will be a non-nil object reference. If the multiplicity is[0..1], the
operation will return a non-nil object reference.if there is a related object, and a nil object reference otherwisd. In other
cases, the operation will return a (possibly zero length) sequence of non-nil object references. If the association|end being
queriedl is ordered, the order of the contents of the returned collection is significant.
<assotgiation_end2_name>
This operation is the equivalent_of “<association_end1_name>,” with the “end1” and “end2” interchanged.
add
The “gdd” operation €reates a link in this Association between a pair of Instance objects. When “isChangeablg” is set to
false for either of the M2-level Association’s AssociationEnd, the “add” operation is suppressed.

refledtive ‘analog: ref_add link(

] ink{ <n<<‘n(‘_pnrl’l_nnmp>’ <n<mr‘_pnd7_nnmn>})
return type: none
parameters: in <AssocEndl1ClassName> <assoc_endl name>
in <AssocEnd2ClassName> <assoc_end2 name>
exceptions: MofError (Invalid Object, Nil Object, Inaccessible Object, Overflow, Duplicate, Reference
Closure, Composition Closure, Composition Cycle)
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The two parameters to the “add” operation give the Instance objects at the two ends of the new link. “Invalid Object,”
“Nil Object,” and “Inaccessible Object” occur if either of the parameter values is a non-existent, nil or inaccessible
Instance object.

If one or other end of the Association has “isOrdered” set to true, the new link must be added so that it is the last member
of the projection for the ordered AssociationEnd. The operation must also preserve ordering of the existing members of
the orgteredprojectiom:

“Overflow” occurs when adding the new link would cause the size of the projection of either the first or second|parameter
object [to exceed the upper bound for the opposite AssociationEnd. “Duplicate” occurs when the link set.for the current
Associlation extent already contains the link whose creation is requested.

“Refenence Closure” occurs when either (or both) of the AssociationEnds has References, andithe corresponding Instance
object |parameter does not belong to the same outermost Package extent as the Associationobject; see 8.11.1, [ The
Refergnce Closure Rule,” on page 153.

“Composition Closure” occurs when either AssociationEnd has “aggregation” set to\“composite,” and either of the
Instan¢e object parameters does not belong to the same outermost Package extent\as this Association object; see 8.11.2,
“The Composition Closure Rule,” on page 155.

“Composition Cycle” occurs when adding the new link would create a eycle of composite / component relationships such

that orje of the Instance object parametersis a (ultimately) component.oftitself; see 8.10.2, “ Aggregation “comppsite”,” on
page 153.

add_bgfore_<association_end1l_name>

The “add_before <association_endl_name>" operation ereates a link between a pair of Instance objects at a gjven place
in this|Association. This operation is only generated when “isChangeable” is true for both AssociationEnds, ang when the
first AssociationEnd is multi-valued, ordered, andsnavigable.

reflegtive analog: ref_add link dbefore(
Link{<assoc_endl name>, <assoc_end2_ name>},
<assdc endl_designator>,
before);
(see10.2.4, “Reflective::RefAssociation (abstract),” on page 265).

return type: Aone

paramneters: in <AssocEnd1ClassName> <assoc_endl name>
in <AssocEnd2ClassName> <assoc_end2 name>
in <AssociationEnd1ClassName> before

excegtions: NotFound, MofError (Invalid Object, Nil Object, Inaccessible Object, Overflow, Quplicate,
Reference Closure, Composition Closure, Composition Cycle)

The first two parameters to the “add_before <association_endl _name>" operation give the Instance objects at the two
ends of the new link. “Invalid Object,” “Nil Object,” and “Inaccessible Object” occur if either of the parameter values is
a non-existent, nil, or inaccessible Instance object.

The third parameter (“before”) gives an Instance object that determines the point at which the new link is inserted.
“Invalid Object,” “Nil Object,” and “Inaccessible Object” also apply to the “before” parameter value.
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The “before” value should be present in the projection of the “<assoc_end2 name>" parameter value. If thisis so, the
insertion point for the new link is immediately before the “before” value, otherwise the “NotFound” error occurs.

“Overflow,” “Duplicate,” “Reference Closure,
the “add” operation above.

Composition Closure,” and “Composition Cycle” occur as described for

£ H ol
add_b CTUTT _ SadooULTatiull_TlTuc_ 1Talime

This operation is the equivalent of “add before <association endl name>,” with the “end1” and “end2’.interchanged.

NOTE{ The preconditions for generating the “add_before <association_endl name>" and
“add hefore <association end2 name>" operations are such that at most one of them may appear inan-Association interface.

modify_<association_end1l_name>

The “modify_<association_endl name>" operation updates a link between a pair of Instance objects, replacing the
Instan¢e at AssociationEndl with a new Instance object. When AssociationEnd1 has\‘isChangeable” or “isNavigable” set
to falsg, this operation is suppressed.

refledtive analog: ref_modify_link(
Link{<assoc_endl name>, <assoc_end2 ‘hame>},
<assoc_endl designator>
new_<assoc_endl name>);

(see 10.2.4, “Reflective::Ref Assaciation (abstract),” on page 265).

retur type: none

parameters: in <AssocEndl1ClassName> <assoc_endl name>
in <AssocEnd2ClassName> <assoc_end2_name>
in <AssocEnd2ClassName> new_<assoc_endl name>

exceqtions: NotFound, MoefError (Invalid Object, Nil Object, Inaccessible Object, Overflow,
Underflow Duplicate, Reference Closure, Composition Closure, Compaosition Cyfcle)

The fist two parameters to the “modify_<association_endl name>" operation should give the Instance objectp at the
ends of an existing link. “Inyalid Object,” “Nil Object,” and “Inaccessible Object” occur if either of the paraméter values
are non-existent, nil, or inaecessible Instance objects. “NotFound” occurs if the link does not exist in the currgnt extent.

The thjrd parameter (Ynew_<assoc_endl_name>") gives the Instance object that is to replace the Instance at
A$ocift1ionEnd1 far-the selected link. “Invalid Object,” “Nil Object,” and “Inaccessible Object” also occurs iff this
paramgter’s value i's a non-existent, nil, or inaccessible Instance object.

If the {<asSo€¢_endl _name>" and “new_<assoc_endl name>" parameters give the same Instance object, this operation is
required-to have no effect on the Association’s link set.

NOTE: Thefollowing error conditions apply to the state of the M1-level Association after the completion of the operation, not
to any intermediate states.

“Underflow” occurs if completion of the operation would leave the M1-level Association in a state where

size (Projection(<assoc _endl name>)) less than <AssocEnd2>.lower

“Overflow” occurs if completion of the operation would leave the M1-level Association in a state where
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size (Projection(new <assoc endl name>)) greater than

<AssocEnd2>.upper

Note that the “Underflow” condition for the “new_<assoc_endl_name>" Instance should be treated as a deferred
constraint.

“Dupli
“Comf
“<ass(

“Refer
closur{

page 1

3

position Cycle” occurs if the operation creates a link that (on completion of the operation) would make
c_end2_name>" or “new_<assoc_endl name>" objects components of themselves.

ence Closure” and “ Composition Closure” occur if the operation would create alink that violates the coriesponding
b rules; see 8.11.1, “The Reference Closure Rule,” on page 153 and 8.11.2, “ The Composition Closure Rule,” on

55.

If either AssociationEnd has “isOrdered” set to true, this operation must preserve ordering of the remaining
in the relevant projections of the ordered end.

members

In add|tion:
« | If AssociationEnd1 is ordered, the projection of “<assoc_end2_name>’ must have “new_<assoc_endl_narpe>" in the
position taken by “<assoc_endl name>.”
« | If AssociationEnd2 is ordered, the projection of “new_<assoc_endl _name>" must have “<assoc_end2_name>" asthe
last member.
modify_<association_end2_name>
This operation is the equivalent of “modify <associationiZzendl _name>" with the “end1” and “end2” interchanged.
removje
The “remove” operation removes a link betweenya pair of Instance objects in the current Association extent. When either
AssocilationEnd or AssociationEnd2 has “isChangeable” set to false, the “remove” operation is suppressed.
reflegtive analog: ref_remove_link(
Llipk{ <assoc_endl name>, <assoc_end2_name>});
(see 10.2.4, “Reflective::RefAssociation (abstract),” on page 265).
returp type: none
paranneters: in <AssocEnd1ClassName> <assoc_endl name>
in <AssocEnd2ClassName> <assoc_end2_name>
excegtions: NotFound, MofError (Nil Object, Underflow)
The two parameters to this operation give the Instance objects at both ends of the link that is to be removed filom the

current Association object’s link set. “Nil Object” occurs if either parameter value is a nil object reference.

“NotFound” occurs if the link to be deleted does not exist in the current Association extent.

NOTE: “Invalid Object” and “Inaccessible Object” does occur here. The “remove” operation needs to be capable of deleting
links that involve Instance objects that have been deleted or that are inaccessible. In the latter case, an implementation can
usually fall back on local comparison of object references. If that fails (e.g., because there are multiple references for an
Instance object), the implementation will typically be unable to distinguish the case from “NotFound.”
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“Underflow” occurs if deleting the link would cause the size of the projection of either the “<assoc_endl _name>" or

“<assoc_end2 _name>" parameter value to be less than the corresponding “lower” bound.

If either AssociationEndl1 or AssociationEnd2 has “isOrdered” set to true, the “remove” operation must preserve the

ordering of the remaining members of the corresponding projection.

9.8. 1T —Attribute Temptate

The Attribute Template defines the generation rules for M2-level Attributes whose “visibility” is “public.vis.”| The
Attribyite Template declares operations to query and update the value of an Attribute. These operations appear on different

interfaces, depending on the Attribute’s “ scope.”

« | IDL operations for instance-scoped Attributes appear in the Instance (“<ClassName>") interface for the Aftribute’s

containing Class.

« | IDL operationsfor classifier-scoped Attributes appear in the Class Proxy (“<ClassName>Class”) interface for the

Attribute's containing Class, and are inherited by the Instance interface.

The operations generated for an Attribute and their signatures depend heavily @©n the Attribute’s properties. For the

purpoges of defining the generated IDL, Attribute multiplicities fall into three groups:
« | single-valued Attributes: multiplicity bounds are [1..1],
« | optional-valued Attributes: multiplicity bounds are [0..1], and

« | multi-valued Attributes: any other multiplicity.

Template

// 1f]l Attribute visibility is private or protected no IDL
// 1is| generated

<<ANNPTATION TEMPLATE>>

// 1f] lower = 0 and upper ,=\1
<AttrfibuteType> <attribute. name> ()

rgdises (Reflective*:NotSet, Reflective::MofError);
// 1f| this Attribute~has an idl version Tag

#pragma version <attribute name> <version>

// 1if] lowexr\= 1 and upper = 1
<AttrfibuteType> <attribute name> ()

ratses—(Refiectiver™MofError)
// 1f this Attribute has an idl version Tag

#pragma version <attribute name> <version>

// 1f upper > 1
<AttributeType><CollectionKind> <attribute name> ()

raises (Reflective::MofError);

222 © ISO/IEC 2005

- All rights reserved


https://standardsiso.com/api/?name=866a81145861f2170bf796d4f51f7d91

// 1if this Attribute has an idl _version Tag

#pragma version <attribute name> <version>

// 1f upper = 1 and is_changeable

void set_<attribute name> (in <AttributeType> new_value)

ISO/IEC 19502:2005(E)

rgises (Reflective::MofError);
// 1if| this Attribute has an idl _version Tag

#pragma version set <attribute name> <versionx>

// 1fl upper > 1 and is_changeable

void |set <attribute name> (
in <AttributeType><CollectionKind> new value)

rgises (Reflective::MofError);
// 1if| this Attribute has an idl version Tag

#pragma version set <attribute name> <versionx>

// 1ifl lower = 0 and upper = 1 and is_changeable
void unset_ <attribute name> ()

rgises (Reflective::MofError) ;
// 1if| this Attribute has an idl version Tag

#pragma version unset <attribute namé&> <version:

// 1fl upper > 1 and is_changeable

void jpdd <attribute name> (in <AttiibuteType> new_element)
rgises (Reflective::MofError);

// 1if| this Attribute has an, idd version Tag

#pragma version add sattribute name> <versionx>

// 1fl upper > 1 and is~changeable and is_ordered

void pdd <attribufe)name>_before (
i <AttributeFype> new element,
i <AttributeType> before element)
rgises\(Reflective: :NotFound, Reflective::MofError);

// if| this Attribute has an idl version Tag

#pragma version add <attribute name> before <versionx

// 1f upper > 1 and is_changeable and is_ordered and not is_unigque
void add <attribute name> at (

in <AttributeType> new element,

in unsigned long position)

raises (Reflective::BadPosition, Reflective::MofError);
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