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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has the right
to be represented on that committee. International organizations, governmental and non-governmental, in liaison with
ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

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

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

Attention is drawn to the possibility that some of the elements of this part of ISO/IEC 19505 may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

This International Standard was prepared by Technical Committee ISO/IEC/TC JTC1, Information technology, in
collaboration with the Object Management Group (OMG), following the submission and processing as a Publicly
Available Specification (PAS) of the OMG Unified Modeling Language (UML) specification.

This International Standard is related to:

« ITU-T Recommendations X.901-904 | ISO/IEC 10746, the Reference Model of Open Distributed Processing (RM-
ODP).

This International Standard consists of the following parts, under the general title Information technology - Open
distributed processing - UML specification:

« Part 1: Infrastructure

« Part 2: Superstructure

Apart from this Foreword, the text of this International Standard is identical with that for the OMG specification for
UML, v2.4.1, Part 1.

© ISO/IEC 2012 - All rights reserved ix
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Introduction

The rapid growth of distributed processing has led to a need for a coordinating framework for this standardization and
ITU-T Recommendations X.901-904 | ISO/IEC 10746, the Reference Model of Open Distributed Processing (RM-ODP)
provides such a framework. It defines an architecture within which support of distribution, interoperability, and portability
can be integrated.

RM-ODP Part 2 (ISO/IEC 10746-2) defines the foundational concepts and modeling framework for describing distributed
systems. The scopes and objectives of the RM-ODP Part 2 and the UML, while related, are not the same and, in a number
of cases, the RM-ODP Part 2 and the UML specification use the same term for concepts that are related but not identical
(e.g., interface). Nevertheless, a specification using the Part 2 modeling concepts can be expressed using UML with
appropriate extensions (using stereotypes, tags, and constraints).

RM-ODP Part 3 (ISO/IEC 10746-3) specifies a generic architecture of open distributed systems, expressed using the
foundational concepts and framework defined in Part 2. Given the relation between UML as a modeling language and Part
2 of the RM ODP standard, it is easy to show that UML is suitable as a notation for the individual viewpoint
specifications defined by the RM-ODP.

The Unified Modeling Language (UML) is a general-purpose modeling language with a semantic specification, a
graphical notation, an interchange format, and a repository query interface. It is designed for use in object-oriented
software applications, including those based on technologies recommended by the Object Management Group (OMG). As
such, it serves a variety of purposes including, but not limited to, the following:

« ameans for communicating requirements and design intent,
« abasis for implementation (including automated code generation),
 areverse engineering and documentation facility.

As an international standard, the various components of UML provide a common foundation for model and metadata
interchange:

+ between software development tools,
« between software developers, and
» between repositories and other object management facilities.

The existence of such a standard facilitates the communication between standardized UML environments and other
environments.

While not limited to this context, the UML standard is closely related to work on the standardization of Open Distributed
Processing (ODP).

X © ISO/IEC 2012 - All rights reserved
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Information technology - Object Management Group
Unified Modeling Language (OMG UML), Infrastructure

1 Scope

This International Standard defines the Unified Modeling Language (UML), revision 2. The objective of UML is to
provide system architects, software engineers, and software developers with tools for analysis, design, and
implementation of software-based systems as well as for modeling business and similar processes.

The initial versions of UML (UML 1) originated with three leading object-oriented methods (Booch, OMT, and OOSE),
and incorporated a number of best practices from modeling language design, object-oriented programming, and
architectural description languages. Relative to UML 1, this revision of UML has been enhanced with significantly more
precise definitions of its abstract syntax rules and semantics, a more modular language structure, and a greatly improved
capability for modeling large-scale systems.

One of the primary goals of UML is to advance the state of the industry by enabling object visual modeling tool
interoperability. However, to enable meaningful exchange of model information between tools, agreement on semantics
and notation is required. UML meets the following requirements:

+ A formal definition of a common MOF-based metamodel that specifies the abstract syntax of the UML. The abstract
syntax defines the set of UML modeling concepts, their attributes and their relationships, as well as the rules for
combining these concepts to construct partial or complete UML models.

A detailed explanation of the semantics of each UML modeling concept. The semantics define, in a technology-
independent manner, how the UML concepts are to be realized by computers.

A specification of the human-readable notation elements for representing the individual UML modeling concepts as
well as rules for combining them into a variety of different diagram types corresponding to different aspects of modeled
systems.

A detailed definition of ways in which UML tools can be made compliant with this International Standard. This is
supported (in a separate specification) with an XML-based specification of corresponding model interchange formats
(XMI) that must be realized by compliant tools.

2 Conformance

2.1 General

UML is a language with a very broad scope that covers a large and diverse set of application domains. Not all of its
modeling capabilities are necessarily useful in all domains or applications. This suggests that the language should be
structured modularly, with the ability to select only those parts of the language that are of direct interest. On the other
hand, an excess of this type of flexibility increases the likelihood that two different UML tools will be supporting
different subsets of the language, leading to interchange problems between them. Consequently, the definition of
compliance for UML requires a balance to be drawn between modularity and ease of interchange.

© ISO/IEC 2012 - All rights reserved 1
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Experience with previous versions of UML has indicated that the ability to exchange models between tools is of
paramount interest to a large community of users. For that reason, this International Standard defines a small number of
compliance levels thereby increasing the likelihood that two or more compliant tools will support the same or compatible
language subsets. However, in recognition of the need for flexibility in learning and using the language, UML also
provides the concept of language units.

2.2 Language Units

The modeling concepts of UML are grouped into language units. A language unit consists of a collection of tightly-
coupled modeling concepts that provide users with the power to represent aspects of the system under study according to
a particular paradigm or formalism. For example, the State Machines language unit enables modelers to specify discrete
event-driven behavior using a variant of the well-known statecharts formalism, while the Activities language unit
provides for modeling behavior based on a workflow-like paradigm. From the user’s perspective, this partitioning of
UML means that they need only be concerned with those parts of the language that they consider necessary for their
models. If those needs change over time, further language units can be added to the user’s repertoire as required. Hence,
a UML user does not have to know the full language to use it effectively.

In addition, most language units are partitioned into multiple increments, each adding more modeling capabilities to the
previous ones. This fine-grained decomposition of UML serves to make the language easier to learn and use, but the
individual segments within this structure do not represent separate compliance points. The latter strategy would lead to an
excess of compliance points and result to the interoperability problems described above. Nevertheless, the groupings
provided by language units and their increments do serve to simplify the definition of UML compliance as explained
below.

2.3 Compliance Levels

The stratification of language units is used as the foundation for defining compliance in UML. Namely, the set of
modeling concepts of UML is partitioned into horizontal layers of increasing capability called compliance levels.
Compliance levels cut across the various language units, although some language units are only present in the upper
levels. As their name suggests, each compliance level is a distinct compliance point.

For ease of model interchange, there are just two compliance levels defined for UML Infrastructure:

» Level 0 (L0) - This contains a single language unit that provides for modeling the kinds of class-based structures
encountered in most popular object-oriented programming languages. As such, it provides an entry-level modeling
capability. More importantly, it represents a low-cost common denominator that can serve as a basis for interoperability
between different categories of modeling tools.

e Metamodel Constructs (LM) - This adds an extra language unit for more advanced class-based structures used for
building metamodels (using CMOF) such as UML itself.

As noted, compliance levels build on supporting compliance levels. The principal mechanism used in this International
Standard for achieving this is package merge (see Section 11.10.3, “PackageMerge,” on page -164). Package merge
allows modeling concepts defined at one level to be extended with new features. Most importantly, this is achieved in the
context of the same namespace, which enables interchange of models at different levels of compliance as described in
“Meaning and Types of Compliance.”

For this reason, all compliance levels are defined as extensions to a single core “UML” package that defines the common
namespace shared by all the compliance levels. Level 0 is defined by the top-level metamodel shown below.

2 © ISO/IEC 2012 - All rights reserved
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airnports
PrimitiveTypes Basic
. A
i «merg‘e»
wrrisrge:s :
.

Lo

Figure 2.1 - Level 0 package diagram

In this model, "UML” is originally an empty package that simply merges in the contents of the Basic package from the
UML Infrastructure. This package, contains elementary concepts such as Class, Package, DataType, Operation, etc.

At the next level (Level LM), the contents of the “UML” package, now including the packages merged into Level 0 and
their contents, are extended with the Constructs package.

1 1 1
PrimitiveTypes irnporte Baszic Constructs
S —
Fo- .
. I
A «mergie»
wrmigrges .
e —
Lk

Figure 2.2 - Level M package diagram

Note that LM does not explicitly merge Basic, since the elements in Basic are already incorporated into the corresponding
elements in Constructs.

24 Meaning and Types of Compliance

Compliance to a given level entails full realization of all language units that are defined for that compliance level. This
also implies full realization of all language units in all the levels below that level. “Full realization” for a language unit at
a given level means supporting the complete set of modeling concepts defined for that language unit at that level.

Thus, it is not meaningful to claim compliance to, say, Level 2 without also being compliant with the Level 0 and Level
1. A tool that is compliant at a given level must be able to import models from tools that are compliant to lower levels
without loss of information.

© ISO/IEC 2012 - All rights reserved 3
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There are two distinct types of compliance. They are:

» Abstract syntax compliance. For a given compliance level, this entails:

» compliance with the metaclasses, their structural relationships, and any constraints defined as part of the merged
UML metamodel for that compliance level, and

» the ability to output models and to read in models based on the XMI schema corresponding to that compliance
level.

» Concrete syntax compliance. For a given compliance level, this entails:

 compliance to the notation defined in the “Notation” sub clauses in this part of ISO/IEC 19505 for those
metamodel elements that are defined as part of the merged metamodel for that compliance level and, by
implication, the diagram types in which those elements may appear; and optionally

» the ability to output diagrams and to read in diagrams based on the XMI schema defined by the Diagram
Interchange specification for notation at that level. This option requires abstract syntax and concrete syntax
compliance.

Concrete syntax compliance does not require compliance to any presentation options that are defined as part of the
notation.

Compliance for a given level can be expressed as:
« abstract syntax compliance
« concrete syntax compliance
« abstract syntax with concrete syntax compliance
« abstract syntax with concrete syntax and diagram interchange compliance

Table 2.1 - Example compliance statement

Compliance Summary

Compliance level Abstract Syntax | Concrete Syntax Diagram Interchange Op-
tion

LO YES YES NO

LM NO YES NO

In case of tools that generate program code from models or those that are capable of executing models, it is also useful to
understand the level of support for the run-time semantics described in the various “Semantics” sub clauses of the
specification. However, the presence of numerous variation points in these semantics (and the fact that they are defined
informally using natural language), make it impractical to define this as a formal compliance type, since the number of
possible combinations is very large.

A similar situation exists with presentation options, since different implementers may make different choices on which
ones to support. Finally, it is recognized that some implementers and profile designers may want to support only a subset
of features from levels that are above their formal compliance level. (Note, however, that they can only claim compliance
to the level that they fully support, even if they implement significant parts of the capabilities of higher levels.) Given this
potential variability, it is useful to be able to specify clearly and efficiently, which capabilities are supported by a given
implementation. To this end, in addition to a formal statement of compliance, implementers and profile designers may

4 © ISO/IEC 2012 - All rights reserved
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also provide informal feature support statements. These statements identify support for additional features in terms of
language units and/or individual metamodel packages, as well as for less precisely defined dimensions such as
presentation options and semantic variation points.

An example feature support statement is shown in Table 2.2 for an implementation whose compliance statement is given
in Table 2.1. In this case, the implementation adds two new language units from higher levels.

Table 2.2 - Example feature support statement

Feature Support Statement

Language Unit Feature

Constructs An Association A1 specializes another Association A2 if each end of A1 subsets the
corresponding end of A2.

Constructs A redefining property must have the same name as the redefined property.

2.5 Compliance Level Contents

Table 2.3 identifies the packages by individual compliance levels in addition to those that are defined in lower levels (as
a rule, Level (N) includes all the packages supported by Level (N-1)). The set of actual modeling features added by each
of the packages are described in the appropriate clauses of the related language unit.

Table 2.3 - Metamodel packages added to compliance levels

Level Metamodel Package Added
LO Basic
LM Constructs

3 Normative References

The following normative documents contain provisions which, through reference in this text, constitute provisions of this
part of ISO/IEC 19505. For dated references, subsequent amendments to, or revisions of, any of these publications do not

apply.

« RFC2119, http://ietf.org/rfc/rfc2119, Key words for use in RFCs to Indicate Requirement Levels, S. Bradner, March
1997.

+ ISO/IEC 19505-2 , Information technology — OMG Unified Modeling Language (OMG UML) Version 2.4.1 — Part
2: Superstructure; pas/2011-08-12

« OMG Specification formal/2011-08-06, UML Superstructure, v2.4.1

« OMG Specification formal/2010-02-01, Object Constraint Language, v2.2

« OMG Specification formal/2011-08-07, Meta Object Facility (MOF) Core, v2.4.1
« OMG Specification formal/2011-08-09, XML Metadata Interchange (XMI), v2.4.1
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» OMG Specification formal/06-04-04 , UML 2.0 Diagram Interchange

Note — UML 2 is based on a different generation of MOF and XMI than that specified in ISO/IEC 19502:2005 Information
technology - Meta Object Facility (MOF) and ISO/IEC 19503:2005 Information technology - XML Metadata Interchange
(XMI) that are compatible with ISO/IEC 19501 UML version 1.4.1.

4 Terms and Definitions

There are no formal definitions in this part of ISO/IEC 19505 that are taken from other documents.

5 Notational Conventions

The keywords “must,” “must not,” “shall,” “shall not,” “should,” “should not,” and “may” in this part of ISO/IEC 19505
are to be interpreted as described in RFC 2119.

6 Additional Information

6.1  Architectural Alignment and MDA Support

Clause 7, “Language Architecture,” explains how the UML 2: Infrastructure is architecturally aligned with the UML 2:
Superstructure that complements it. It also explains how the InfrastructureLibrary defined in the UML 2: Infrastructure
can be strictly reused by MOF 2 specifications.

The MOF 2: Core Specification is architecturally aligned with this part of ISO/IEC 19505.

The OMG’s Model Driven Architecture (MDA) initiative is an evolving conceptual architecture for a set of industry-wide
technology specifications that will support a model-driven approach to software development. Although MDA is not itself
a technology specification, it represents an important approach and a plan to achieve a cohesive set of model-driven
technology specifications. This International Standard’s support for MDA is discussed in Annex B: “Support for Model
Driven Architecture,” on page 213.

6.2 How to Proceed

The rest of this document contains the technical content of this part of ISO/IEC 19505. Readers are encouraged to first
read “Subpart I - Introduction” to familiarize themselves with the structure of the language and the formal approach used
for its specification. Afterwards the reader may choose to either explore the InfrastructureLibrary, described in “Subpart
II - Infrastructure Library” or the UML::Classes::Kernel package that reuses it, described in the UML 2: Superstructure.
The former specifies the flexible metamodel library that is reused by the latter.

Readers who want to explore the user level constructs that are built upon the infrastructural constructs specified here
should investigate the specification that complements this, the UML 2: Superstructure.
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