
ad97-08-02

UML Proposal to the
Object Management Group

in response to the OA&D Task Force’s RFP-1

version 1.1
1 September 1997

Rational Software ■ Microsoft ■ Hewlett-Packard ■ Oracle
Sterling Software ■ MCI Systemhouse ■ Unisys ■ ICON Computing

IntelliCorp ■ i-Logix ■ IBM ■ ObjecTime ■ Platinum Technology ■ Ptech
Taskon ■ Reich Technologies ■ Softeam



ii UML Proposal Summary, v1.1

Copyright © 1997 Rational Software Corporation.
Copyright © 1997 Microsoft Corporation.
Copyright © 1997 Hewlett-Packard Company.
Copyright © 1997 Oracle Corporation.
Copyright © 1997 Sterling Software.
Copyright © 1997 MCI Systemhouse Corporation.
Copyright © 1997 Unisys Corporation.
Copyright © 1997 ICON Computing.
Copyright © 1997 IntelliCorp.
Copyright © 1997 i-Logix.
Copyright © 1997 IBM Corporation.
Copyright © 1997 ObjecTime Limited.
Copyright © 1997 Platinum Technology, Inc.
Copyright © 1997 Ptech Inc.
Copyright © 1997 Taskon A/S.
Copyright © 1997 Reich Technologies.
Copyright © 1997 Softeam.

Photocopying, electronic distribution, or foreign-language translation of this document is
permitted, provided this document is reproduced in its entirety and accompanied with this entire
notice, including the following statement:

The most recent updates on the Unified Modeling Language are available via the
worldwide web, www.rational.com/uml.

The UML logo is a trademark of Rational Software Corp.
OMG, CORBA, CORBAfacility, and IDL are trademarks of the Object Management Group, Inc.



UML Proposal Summary, v1.1 iii

Contents of Proposal Document Set
Document OMG document Available

Formats
UML Proposal to the OMG (this document) ad/97-08-02 PDF, Word97
UML Summary ad/97-08-03 PDF, Word97
UML Semantics

Appendix A - Standard Elements
Appendix B - Glossary

ad/97-08-04 PDF, Word97

UML Notation Guide ad/97-08-05 PDF, ZIP
archive (of
Frame files)

UML Extension for Objectory Process for Software
Engineering

ad/97-08-06 PDF, Word97

UML Extension for Business Modeling ad/97-08-07 PDF, Word97
Object Constraint Language Specification ad/97-08-08 PDF, Word97
OA&D CORBAfacility Interface Definition ad/97-08-09 PDF, Word97

Together, these documents form an integral proposal and to be considered together as one
proposal to the OMG. These documents are available to OMG members via the OMG server. See
ftp.omg.org/pub/docs/ad or www.omg.org/member/doclist-97.html.

As a convenience, the following files are also available:

Document OMG document Available
Formats

Zip archive of OA&D CORBAfacility IDL only ad/97-08-10 ZIP archive
Zip archive of PDF versions of ad97-08-02 through ad/97-08-
09

ad/97-08-11 ZIP archive



iv UML Proposal Summary, v1.1

Contents
1. PREFACE 1

2. SUMMARY OF PROPOSAL SECTIONS 2

3. COMPLIANCE TO THE UML 3
3.1 Compliance to the UML Semantics .............................................................................................................4
3.2 Compliance to the UML Notation................................................................................................................5
3.3 Compliance to the UML Extensions ............................................................................................................5
3.4 Compliance to OA&D CORBAfacility Interface Definitions ......................................................................5
3.5 Summary of Compliance Points ...................................................................................................................6

4. USE OF THE “U NIFIED M ODELING LANGUAGE” N AME 6

5. PROOF OF CONCEPT 6

6. ARCHITECTURAL ALIGNMENT WITH OTHER TECHNOLOGIES 7
6.1 Motivation....................................................................................................................................................8
6.2 Approach......................................................................................................................................................8
6.3 Metamodel Comparison ...............................................................................................................................8
6.4 Issues Related to UML-MOF Mapping......................................................................................................10
6.5 Relationship to RM-ODP and CDIF ..........................................................................................................12

6.5.1 RM-ODP .........................................................................................................................................12
6.5.2 CDIF................................................................................................................................................13

6.6 Summary ....................................................................................................................................................13

7. FUTURE WORK 14



UML Proposal Summary, v1.1 1

1. PREFACE

Rational Software, Microsoft, Hewlett-Packard, Oracle, Sterling Software, MCI Systemhouse,
Unisys, ICON Computing, IntelliCorp, i-Logix, IBM, ObjecTime, Platinum Technology, Ptech,
Taskon, Reich Technologies, and Softeam respectfully submit this document set to the OMG for
their consideration for adoption.  Definitions for the Unified Modeling Language, Object
Constraint Language, OA&D CORBAfacility interface, and supporting documents, are defined
in this document set and are submitted to the OMG in response to the OA&D Task Force’s RFP-
1.

We feel that each part of this proposal is essential to meet the goals spelled out in the RFP. Upon
adoption, the OMG is encouraged to package these sections as separate definitions as we have,
so their evolution can occur as independently as possible.

As a convenience, this proposal can be referred to as “The UML Proposal,” although it does
include sections that are not part of the UML definition itself, most notably the OA&D
CORBAfacility Interface Definition.

This proposal represents the state-of-the-art convergence of best practices in the object-
technology industry. Included is the Unified Modeling Language (UML), version 1.1, which is
the proper successor to the object modeling languages of three previously leading object-oriented
methods (Booch, OMT, and OOSE). The UML is the union of these modeling languages and
more, since it includes additional expressiveness to handle modeling problems that these
methods did not fully address.  The UML Summary document provides additional background
regarding the UML.

OMG’s adoption of this proposal will reduce the degree of confusion within the industry
surrounding modeling languages.  Its adoption would settle unproductive arguments about
method notations and model interchange mechanisms, and would allow the industry to focus on
higher leverage, more productive activities.  It will also enable semantic interchange between
visual modeling tools. Adoption of the proposal is advantageous to the OMG membership from
technology and business perspectives.

One of the primary goals of the RFP was to advance the state of the industry by enabling OO
visual modeling tool interoperability.  However, in order to enable meaningful exchange of
model information between tools, agreement on semantics and notation is required.  The RFP
requests coverage of all of these areas.  The following table summarizes these requirement areas,
and describes how this proposal addresses them.

RFP requirement area How this proposal addresses requirement
Formal definition of a common
OA&D meta-model to represent
the semantics of OA&D models,
which include static models,
behavioral models, usage models,
and architectural models

The UML defines a metamodel and its semantics.  The
UML supports the various models described in the RFP
with consistent, integrated semantics.
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RFP requirement area How this proposal addresses requirement
IDL specifications for
mechanisms for model
interchange between OA&D tools

The proposal includes the interface definitions for an
OA&D CORBAfacility. This includes a set of IDL
interfaces that support dynamic construction and
traversal of a user model.

The proposal also recognized the importance of stream-
based tool interchange formats.  The CDIF standards are
discussed, although not recommended for adoption by
the OMG at this time.

Optionally, a human-readable
notation for representing OA&D
models

The proposal defines the UML notation, an elegant
graphic syntax for consistently expressing the UML’s
rich semantics.  Notation is an essential part of OA&D
modeling and the UML.

2. SUMMARY OF PROPOSAL SECTIONS

This document you are now reading, the UML Proposal Summary, summarizes the proposal and
its contents, defines compliance to the UML, covers the architectural alignment with other
technologies.

The UML Summary provides an introduction to the UML, discussing its motivation and history.

The UML Semantics document defines the rich semantics of the Unified Modeling Language.
The UML is layered architecturally and organized by package.  Within each package, the model
elements are defined in terms of their abstract syntax (using the UML class diagram notation),
well-formedness rules (using precise text and Object Constraint Language expressions), and
semantics (using precise text). Two appendices are included: UML Glossary and Standard
Elements.

The UML notation is defined in the UML Notation Guide, along with supporting examples. The
UML notation represents the graphic syntax for expressing the semantics described by he UML
metamodel. Consequently, the UML Notation Guide should be read in conjunction with the UML
Semantics document.

The Object Constraint Language Specification describes the OCL syntax, semantics, and
grammar. All OCL features are described in terms of concepts from the UML semantics
document.

Within the OA&D CORBAfacility Interface Definition, UML-consistent tool interoperability is
defined in terms of CORBA IDL.

Dependencies between Proposal Sections

The UML Semantics section can stand on its own, relative to the others, with the exception of the
OCL Specification. The semantics and the OCL are interdependent. The semantics and notation
are nearly independent. What this means is that you can certainly specify and understand each
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one in isolation, but the one affects the other. For example, knowing what kinds of things a
developer or modeler finds important to visualize impacts what kind of underlying semantics are
needed. For example, modeling patterns is something that in our experience we find to be
valuable for systems of scale; this is why the UML metamodel has collaborations as a first-class
citizen. If one does not consider what is important to be visualized, you end up with a less rich
metamodel.

The Notation and OA&D CORBAfacility Interface Definition both depend on the semantics. We
consider it advantageous to separate the specifications of the UML definition and the facility
interface.  Having these as separate standards will permit their evolution in the most flexible
way, even though they are not completely independent.

The specifications in the UML Extension documents depend on both the notation and semantics
documents.

3. COMPLIANCE TO THE UML

The Unified Modeling Language and corresponding facility interface definition are
comprehensive.  However, these specifications are packaged so that subsets of the UML and
facility can be implemented without breaking the integrity of the language.

The UML Semantics is packaged as follows:

Foundation

Model
Management

Auxiliary
Elements

Core Extension
Mechanisms

Data
Types

Behavioral Elements

Use Cases State
Machines

Collaborations

Common
Behavior

Figure 1 - UML Class Diagram Showing Package Structure

This packaging shows the semantic dependencies between the UML model elements in the
different packages.  The IDL in the facility is packaged almost identically.  The notation is also
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“packaged” along the lines of diagram type. Compliance to the UML is thus defined along the
lines of semantics, notation, and IDL, in the following sections:

• Compliance to the UML Semantics
• Compliance to the UML Notation
• Compliance to the UML Extensions
• Compliance to the OA&D CORBAfacility Interface

Even if the compliance points are decomposed into more fundamental units, vendors
implementing UML may choose not to fully implement this packaging of definitions, while still
faithfully implementing some of the UML definitions.  However, vendors who want to precisely
declare their compliance to UML should refer to the precise language defined herein, and not
loosely say they are “UML compliant.”

3.1 COMPLIANCE TO THE UML SEMANTICS

The basic units of compliance are the packages defined in the UML metamodel. The full
metamodel includes the corresponding semantic rigor defined in the Semantics document.  The
class diagram in Figure 1, above, illustrates the package dependencies, which are also
summarized below.

Metamodel Packages
Package Prerequisite Packages
DataTypes
Core DataTypes
Auxiliary Elements Core, DataTypes
Common Behavior Core, DataTypes
State Machines Common Behavior, Core, DataTypes
Collaboration Common Behavior, Core, DataTypes
Use Cases Collaboration, Common Behavior, Core, DataTypes
Model Management Core, DataTypes
Extension Mechanisms Core, DataTypes

Complying with a package requires complying with the prerequisite package.

The semantics are defined in an implementation language-independent way. An implementation
of the semantics, without consistent interface and implementation choices, does not guarantee
tool interoperability.  See the OA&D CORBAfacility.

In addition to the above packages, compliance to a given metamodel package must load or know
about the predefined UML standard elements (i.e. values for all predefined stereotypes, tags, and
constraints). These are defined throughout the semantics and notation documents and
summarized in the UML Standard Elements appendix.  The predefined constraint values must be
enforced consistent with their definitions. Having tools know about the standard elements is
necessary for the full language and to avoid the definition of user-defined elements that conflict
with the standard UML elements.  Compliance to the UML Extensions is defined separate from
the UML Semantics, so not all tools need to know about the UML Extensions a priori.

For any implementation of UML, it is optional that the tool implement the Object Constraint
Language.  A vendor conforming to OCL support must support the following: 1) validate and
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store syntactically correct OCL expressions as values for the UML data types
BooleanExpression, Expression, ObjectSetExpression, TimeExpression and
ProcedureExpression.  2) Be able to perform a full type check on the object constraint
expression. This check will test whether all features used in the expression are actually defined
in the UML model and used correctly.

All tools conforming to the UML semantics are expected to conform to the following three
aspects of the semantics: its abstract syntax (i.e. the concepts, valid relationships, and constraints
expressed in the corresponding class diagrams), well-formedness rules, and semantics.  However,
vendors are expected to apply some discretion on how strictly the well-formedness rules are
enforced; tools should be able to report on well-formedness violations, but not necessarily force
all models to be well formed.  Incomplete models are common during certain phases of the
development lifecycle, so they should be permitted.  See the OA&D CORBAfacility document for
its treatment of well-formedness exception handling, as an example of a technique to report well-
formedness violations.

3.2 COMPLIANCE TO THE UML NOTATION

The UML notation is an essential element of the UML to enable communication between team
members.  Compliance to the notation is optional, but the semantics are not very meaningful
without a consistent way of expressing them.

Notation compliance is defined along the lines of the UML Diagrams types: use case, class,
statechart, activity, sequence, collaboration, component, and deployment diagrams

If the notation is implemented a tool must enforce the underlying semantics and maintain
consistency between diagrams if the diagrams share the same underlying model.  By this
definition, a simple “drawing tool” cannot be compliant to the UML notation.

There are many optional notation adornments.  For example, a richly adorned class icon may
include an embedded stereotype icon, a list of properties (tagged values and metamodel
attributes), constraint expressions, attributes with visibilities indicated, and operations with full
signatures.  Complying with class diagram support implies the ability to support all of the
associated adornments.

Compliance to the notation in the UML Extensions is described separately.

3.3 COMPLIANCE TO THE UML EXTENSIONS

Vendors should specify whether they support each of the UML Extensions or not.  Compliance
to an extension means knowledge and enforcement of the semantics and corresponding notation.

3.4 COMPLIANCE TO OA&D CORBAFACILITY INTERFACE
DEFINITIONS

The IDL modules defined in the OA&D CORBAfacility parallel the packages in the semantic
metamodel. The exception to this is that DataTypes and Extension mechanisms have been
merged in with the core for the facility. Except for this, a CORBAfacility implementing the
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interface modules have the same compliance point options as described in section 3.1,
Compliance to the UML Semantics, above.

3.5 SUMMARY OF COMPLIANCE POINTS
Compliance Point Valid Options
Core no/incomplete, complete, complete including IDL
Auxiliary Elements no/incomplete, complete, complete including IDL
Common Behavior no/incomplete, complete, complete including IDL
State Machines no/incomplete, complete, complete including IDL
Collaboration no/incomplete, complete, complete including IDL
Use Cases no/incomplete, complete, complete including IDL
Model Management no/incomplete, complete, complete including IDL
Extension Mechanisms no/incomplete, complete, complete including IDL
OCL no/incomplete, complete
Use Case diagram no/incomplete, complete
Class diagram no/incomplete, complete
Statechart diagram no/incomplete, complete
Activity diagram no/incomplete, complete
Sequence diagram no/incomplete, complete
Collaboration diagram no/incomplete, complete
Component diagram no/incomplete, complete
Deployment diagram no/incomplete, complete
UML Extension: Business
Engineering

no/incomplete, complete

UML Extension: Objectory
Process for Software
Engineering

no/incomplete, complete

4. USE OF THE “UNIFIED MODELING LANGUAGE” NAME

Assuming this proposal is adopted by the OMG, the UML Partners encourage the OMG to adopt
the name UML, with no prefix or suffix, since it has significant and positive industry recognition
as is.

5. PROOF OF CONCEPT

There is sufficient support for this proposal, in terms of endorsements and proofs of concept:

• The UML is widely popular and the de facto industry standard. The widespread use of the
UML stems from the popularity of its predecessors: Booch, OMT, OOSE, and other methods.
Together, they had over 50% of the market. Most, if not all, of the users of these methods are
planning to switch to UML, as soon it is convenient for their projects.

• Many organizations and methodologists endorse the UML specification.  Significant
organizations and methodologists are directly involved in this response and have provided their
full endorsement.



UML Proposal Summary, v1.1 7

• Most OO visual modeling tools are already implementing UML specification to some extent,
or are planning on implementing it. Several modeling tools already implement code generation
from UML and reverse engineering to UML for a variety of programming and declaration
languages, including IDL. The UML is already being used as the information model in several
repositories, including Microsoft’s.

• The OA&D CORBAfacility interfaces have been generated by mapping the UML into a
prototype of the MetaObject Facility, then generating the IDL from the MOF.  This is a proof
of concept for the UML and the MOF, which share common semantics in their cores.

6. ARCHITECTURAL ALIGNMENT WITH OTHER
TECHNOLOGIES

Although there are many technologies related to the UML, a few are particularly relevant and
required to be addressed per the RFP.  This section addresses the relationship between the UML
and the Meta-Object Facility, CORBA and OMG models, RM-ODP, and CDIF.  The focus of
these other technologies are somewhat different from that of UML, so a direct detail-by-detail
comparison is not in order for all of these.

 This primary emphasis of this section is on MOF and OA&D Facility (UML) alignment.  The
OA&DF RFP-1 explicitly calls for the alignment of the OA&DF meta-model with the MOF
meta-metamodel. RFP-1 states that the submission “must address the relationship between the
meta-model constructs that represent OA&D objects and the meta-meta-model specifications of
the Meta-Object Facility (MOF).”1 It further states “that it will be possible to align MOF and
OA&D responses during the revision period for both facilities.” A similar requirement is called
for in AD RFP-2 (former CF RFP-5 Meta Object Facility).

 Since the MOF and OA&D responses are being submitted concurrently, there is not yet a MOF
meta-metamodel standard or an OA&D metamodel standard. However, since each of these
proposals has been unified (i.e., all submitters for each proposal have collaborated on a common
proposal), the submitters have taken a proactive approach toward architectural alignment.
Considerable structure sharing between the two proposals has been accomplished between the
initial and revised submissions for OA&DF and MOF.  (See documents cf/97-01-12 [Unisys et al
JMOF 1.0 submission] and ad/97-01-14 [Rational et al UML 1.0 submission] for the alignment
tables and mappings for the initial MOF and OA&DF submissions.)  As the OA&DF and MOF
technologies evolve, additional alignment work will be addressed by standard OMG processes
such as those for Revision Task Forces and subsequent RFPs.

 The MOF and OA&DF alignment work has focused on aligning the metamodels and applying the
MOF IDL Mapping for generating the CORBA IDL for both the MOF and UML models.  This
was accomplished by defining the MOF and UML models using the MOF and by generating the
IDL interfaces based on the MOF specification.  Note that both the MOF and OADF submissions
use the UML notation for graphically defining the models.

                                                     

 1 A strict alignment between the models for the OA&D and MOF facilities would mix meta-levels of
abstraction (i.e., the meta-level of one, with the meta-meta-level of another) and would likely result in a
warped architecture.
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6.1 MOTIVATION

 The primary reason for aligning the OA&DF metamodel with the MOF meta-metamodel is to
facilitate interoperability between the two facilities using CORBA IDL. When considering
interoperability between the OA&DF and the MOF, it is important to consider the difference in
scope between the facilities. The MOF goal is to allow interoperability across the application
development cycle by supporting the definition of multiple meta models, whereas the OA&DF
focuses on supporting the definition of single OA&D metamodel. An example of OA&DF-MOF
interoperability is the use of a MOF-compliant repository to store and interchange OA&DF
object models.

 The key motivation to align the MOF and OA&DF with CORBA is to address the RFP
requirement of aligning with CORBA and between the two facilities.  In addition, the MOF and
OA&DF (especially the UML) specifications signify years of modeling and metamodeling
experience that are being integrated.  As such some of the key concepts in the UML and MOF
are potential candidates to evolve the OMG Core object model and CORBA IDL in the future.

6.2 APPROACH

 The UML and MOF are based on a four-layer metamodel architecture, where the MOF meta-
metamodel is the meta-metamodel for the UML metamodel. As a result, the UML metamodel
may be considered an instance-of the MOF meta-metamodel. This is sometimes referred to as
loose (or “non-strict”) metamodeling, where a Mn level model is an instance of a Mn+1 level
model.

 Since the MOF and OA&DF have different scopes, and diverge in the area of relationships, we
have not been able to apply strict metamodeling. In strict metamodeling, every element of a Mn

level model is an instance of exactly one element of Mn+1 level model. Consequently, there is not
a strict isomorphic mapping between all the MOF meta-metamodel elements and the UML meta-
metamodel elements.  In principle strict metamodeling is difficult (or sometimes impossible to
accomplish) as the complexity of new concepts (for example patterns and frameworks) continues
to increase.  In any case, using a small set of primitive concepts such as those defined in the
MOF it is possibly to define arbitrarily complex metamodels.

 In spite of this, since the two models were designed to be interoperable, the two metamodels are
structurally quite similar. The following sections compare the core MOF and UML modeling
concepts, and contrast them with the OMA and CORBA/IDL core object models. The issues
related to mapping metaclasses that are not isomorphic (e.g., association classes) are also
discussed.

 A comparison table will summarize the mappings of similar concepts across the meta-
metamodeling layers. Where there is no analog for a concept, it will be identified and discussed
in a subsequent section.

6.3 METAMODEL COMPARISON

 Most of the metaobjects for the UML core metamodel and the MOF core meta-metamodel can be
mapped to each other in a straightforward manner. Similarly, these metaobjects can be also be
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mapped to the OMA and CORBA core object models in a direct way. The following tables
compare the core modeling concepts and the data types for these models.

Table 1.  Comparision of Core Metaobjects

 UML METAMODEL  MOF Meta-metamodel  OMA Core Object
Model,

CORBA OBJECT

MODEL

 CORBA IDL

 Association (n-ary)  Association (binary)   

 AssociationClass    

 AssociationEnd  AssociationEnd   

 Attribute  Attribute  Attribute  Attribute

 BehavioralFeature  BehavioralFeature   

 Class  Class  Class   Interface (as Class)

 Classifier  Classifier   

 Constraint  Constraint   

 DataType  DataType  Data type  Data type

 Dependency (class)  /dependsOn
(association)

  

 Exception  Exception   Exception

 Feature  Feature   

 GeneralizableElement  GeneralizableElement   

 Generalization (class)  generalizes
(association)

 Generalization  Generalization

 Interface  Class (as Interface)  Interface  Interface

 ModelElement  ModelElement   

 NA  Reference   

 NA  Constant   Constant

 Namespace  Namespace   ~ IR Containers

 Operation  Operation  Operation  Operation

 Package  Package   Module

 Parameter  Parameter  Parameter  Parameter

 StructuralFeature  StructuralFeature   

 Type (stereotype)  Class (as Type)  Type  Interface (as Type)
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Table 2. Comparison of Data Types

 UML Metamodel  MOF Meta-metamodel  CORBA Object Model and
IDL

 AggregationKind  AggregationKind  

 Boolean  CORBA Boolean  Boolean

 Enumeration  CORBA Enum  Enum

 Expression  NameType  

 Integer  CORBA Short, Long, Unsigned
Short, Unsigned  Long,
Double, Octet, Float

 Short, Long, Unsigned Short,
Unsigned  Long, Double,
Octet, Float

 List  List, Set  Sequence

 Multiplicity  MultiplicityKind (simpler than
UML multiplicity)

 

 Name  NameKind  Name

 OperationDirectionKind  DirectionKind  

 [dependencies are reified as
classes]

 DependencyKind (enum)  

 ScopeKind  ScopeKind  

 String  CORBA String, Char  String, Char

 Time  CORBA Time Service Data
Types

 Time Service Data Types

 NA  TypeDef  TypeDef

 Uninterpreted  CORBA Any  Any

 VisibilityKind  VisibilityKind  

 

 The MOF supports the full range of CORBA data types as well as additional data types defined
using the MOF primitive types.  UML supports a subset of CORBA data types in its semantic
model but mappings to a subset of specific CORBA types is clearly possible.

 The following sections discuss issues related to areas where the mapping between metamodels is
not direct.

6.4 ISSUES RELATED TO UML-MOF MAPPING

 In general, the mapping from the UML meta-metamodel to the MOF meta-metamodel is
straightforward.
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 A review of the mapping tables above indicates that in most cases the mapping from the UML
meta-metamodel to the MOF meta-metamodel is direct. In fact, for most of the core constructs
there is a structural equivalency in the mapping.

 The key differences are due to different usage scenarios of MOF and UML. The MOF needs to
be simpler, directly implementable, and provide a set of CORBA interfaces for manipulating
metaobjects.  The UML is used as a general-purpose modeling language, with potentially many
implementation targets.  These differences are very commonly observed in repository, meta-
CASE and modeling-tool implementations. The key differences are:

1. The MOF only supports binary associations while UML supports higher-order (also referred
to as ‘N-ary’) associations.  This tradeoff was made because N-ary relationships are rarely
used in meta-modeling and the design goal to keep the MOF interfaces simpler.  The MOF
submitters have anticipated extending the MOF to support higher order associations in
future.

2. Associations in the MOF are limited to simple associations and cannot contain features.
Association Classes in UML can contain features (such as attributes).  The MOF has been
defined to be structurally extensible to full-blown association classes in the future by
relaxing this constraint. UML Association Classes are modeled as MOF Classes with well-
defined multiplicity constraints to ensure shared lifetime of features owned by the
association.  Please refer to OMG Document ad/97-08-09 for the mapping used to represent
UML Association Classes in the MOF.

3. The MOF supports the concept of a Reference, which allows direct navigation from one
Classifier to another.  The UML metamodel uses the Target AssociationEnd’s ‘name’
property as a ’pseudo-attribute’ for the same purpose, but navigates to another classifier
through an Association. The concept of reference is widely used in object repositories, as
well as object and object-relational databases and optimizes navigation across a metamodel.

4. Some concepts like Generalization, Dependency, and Refinement are reified as classes in
UML but implemented as Associations in the MOF.  The MOF does not need the richness of
UML in these areas.

5. The MOF supports the full set of CORBA data types, whereas the UML metamodel does not
define data types to this depth. A CORBA-specific implementation of UML is clearly
possible by either creating the additional data types needed or by providing appropriate
mappings.

6. The UML has clearly defined the similarities of the key concepts of Class, Interface, and
Type.  The MOF and UML both use the Class concept as the most general of these in their
respective models.  The MOF specification is focused only on specification of metamodels
and generation of CORBA interfaces and therefore does not deal with implementation
concepts like ‘Methods’.  UML clearly needs to support these concepts because UML can be
used to model conceptual, logical, and implementation models.  In this sense the MOF uses
the Class concept to define Types, since MOF Classes do not have any methods, just
operations.  This is consistent with the definition of UML Type as a stereotype of Class with
a constraint that Types cannot contain methods.   The MOF Class concept is rich enough to
define Interfaces, and in fact the MOF specification itself clearly shows that a MOF Class
can be mapped to multiple CORBA Interfaces.
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Table 2 shows the mapping of meta-datatypes between the meta-metamodels is also
straightforward. Here also, there are more MOF meta-metaobjects than there are UML meta-
metaobjects. The MOF supports the full range of CORBA data types as well as additional data
types defined using the MOF primitive types.  UML supports a subset of CORBA data types in
its semantic model but maps to specific CORBA types in its corresponding interface model, as
documented in the OA&D CORBAfacility document, ad/97-08-09.

6.5 RELATIONSHIP TO RM-ODP AND CDIF
During the initial submissions for the MOF and OA&DF, the alignment efforts focused on MOF,
OA&DF (UML), CDIF, and CORBA.  During the finalization phase of the MOF and OA&DF
proposals our primary emphasis was on alignment of the MOF, OA&DF, OMA, and CORBA
object models.

Our secondary emphasis was on architectural alignment with CDIF and RM-ODP, both of which
have influenced our metamodel architectures. CDIF provides a potential foundation for a future
stream-based interchange format. Extending the MOF and UML specifications to more directly
address the various ODP viewpoints paves the way for international standardization of MOF and
OA&DF through ISO in the future.

6.5.1 RM-ODP
The Reference Model provides an architecture that integrates support of distribution,
interworking, and portability.2  It is being published in a series of standards adopted by ISO, IEC,
and ITU (née CCITT).  Parts 2 and 3 have been made available at http://www.iso.ch:8000/RM-
ODP.

The MOF Model (and the UML, which provides a richer set of modeling concepts) can be used
to support the description of types and type relationships coming from arbitrary type systems.
Such type systems might be drawn from any ODP viewpoint.  As concrete examples, MOF has
been used to support UML types (i.e. Information Viewpoint) and CORBA types (i.e.
Computational Viewpoint).  MOF can also be used to support Enterprise Viewpoint types (as
will arise from the work on Business Object Framework), Engineering Viewpoint (e.g. security
mechanism types), and Technology viewpoint types (e.g. types from programming languages,
network configurations, systems management etc.).

UML has a different lineage than ODP; it stems from an earlier generation of object analysis and
design methods (Booch, OMT, and OOSE). Consequently, many UML concepts are defined
differently, ODP makes some distinctions that UML does not make and vice versa, and there are
a number of name clashes.  Nonetheless, it is possible to achieve a large measure of compatibility
with the ODP modeling language by using the UML extension mechanisms where there are no
direct correspondences.  The following reference discusses the compatibility of UML with ODP

                                                     

2   interwork: to interact with each other; to work together as a whole; in ISO standards and ITU
recommendations this usually refers to the ability to communicate (as over a network).
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in some detail: http://enterprise.Systemhouse.MCI.com/uml-odp.  That document discusses how
concepts in the UML correspond to concepts in the RM-ODP. The ODP language is very rich;
this reference does not discuss the many ODP concepts that do not correspond to UML concepts
or have similar names.  The discussion shows that the UML is in large measure compatible with
the architecture for system distribution defined in the RM-ODP.  In the places where there is not
compatibility, the discussion gives the reason why compatibility is not appropriate.

6.5.2 CDIF
CDIF (CASE Data Interchange Format) is a family of standards defined by the Electronic
Industries Association to enable the transfer of models between CASE tools in a batch file
format. The CDIF set of standards defines a meta-metamodel, a tool interchange format, and a
series of subject areas. CDIF is being standardized by the EIA’s CDIF Division, an ANSI-
accredited standards body, and by ISO/IEC JTC1/SC7/WG11, Project 7.28 (ISO/IEC CDIF).
Additional background can be found at www.cdif.org.

It is desirable that the terminology and semantics of the underlying CDIF meta-metamodel be
made consistent with the emerging MOF and UML definitions. Without this alignment,
implementing a CDIF import/export mechanism within a MOF- or UML-compliant tool would
be technically possible, but sub-optimal, since inconsistent terminology and representations for
the same concepts would create confusion and likely result in errors in implementation.

For CDIF interchange, one would need to define a subject area, consisting primarily of a
metamodel, in terms of the CDIF meta-metamodel.  It would be similar to the UML semantic
metamodel, but would need to address physical concerns for storage (or streaming) and
packaging.

It would be beneficial to the industry for OMG to adopt transfer format standards that are aligned
with the MOF and UML. The UML Partners recommend that the OMG issue a separate RFP for
this technology that would address a stream-based interface for UML and other models stored in
the MOF.

Other options for model exchange between tools do exist.  Within the OMG context, the OA&D
CORBAfacility and the MOF will have standard CORBA-based APIs that can be used to
exchange models.  In addition, several visual modeling and repository tool implementations exist
that have well-defined and published APIs that are being used to exchange models between tools.

6.6 SUMMARY

In terms of abstraction levels and the kinds of meta-metaobjects used, the UML and MOF meta-
metamodels are well aligned.  There are significant advantages in aligning the OA&DF meta-
metamodel with the MOF meta-metamodel. In the case of the MOF, meta-metamodel alignment
facilitates interoperability between the OA&DF and the MOF. An example of OA&DF-MOF
interoperability is the use of a MOF-compliant repository to store an OA&DF object model.

The proof of concept sections of the MOF and the OA&DF submissions describe how the MOF
interfaces can be used to represent UML-compliant meta models and generate CORBA-
compliant IDL interfaces.
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Alignment of the UML, MOF, and CORBA paves the way for future extensibility of CORBA in
key areas such as richer semantics, relationships and constraints.  Likewise the longer-term
benefits to UML and MOF include better recognition and addressing of distributed computing
issues in developing CORBA-compliant systems.

7. FUTURE WORK

During the development of this response, the following features were discussed, although they
were not required by the RFP.  Although they are excluded from the proposal, they merit future
attention.  Each of these could be the subject of a future OMG RFP.

• Stream Transfer Format.  As previously mentioned, the CDIF framework should be
considered.  This is a generic issue, not specific to OA&D models.

• Additional extension mechanisms. Although the UML contains extension mechanisms
(stereotype, taggedValues, and constraints), individuals have expressed a desire to be able to
more formally and dynamically extend metamodels like the UML, while simultaneously
providing consistency with the instances of UML extension mechanisms.

• Notation Metamodel. In order to enable the exchange of diagrams between tools, a metamodel
for notation should be constructed. CDIF’s Presentation Location and Connectivity subject
area should be considered as a response to such an RFP.


