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Advanced Praise for
The Unified Modeling Language
Reference Manual, Second Edition

“If you are a serious user of UML, there is no other book quite like this one. I have
been involved with the UML specification process for some time, but I still found
myself learning things while reading through this book—especially on the changes
and new capabilities that have come with UML 2.0. The intimate involvement of the
author in the creation and continuing evolution of UML, and the encyclopedic
scope of his book, make the work a unique contribution to the UML 2.0 literature,
as the first edition was for UML 1.0.”

—Ed Seidewitz, Chief Architect, InteliData Technologies Corporation

“In addition to the documents of the OMG UML 2.0 Standard, this book is proba-
bly the most important source for the Unified Modeling Language. It is a detailed
reference, covering the mainstream ideas as well as the delicate niches of the lan-
guage. The Dictionary of Terms offers precise, comprehensive and, perhaps most
important, systematic information on all aspects of the UML 2.0

—Martin Gogolla, Professor for Computer Science, University of Bremen

“Comprehensive and instructive, written by a person with the insights of not only
the technical matters, but also the processes that led to the UML language and its
version 2.0. This book should be a companion for every serious UML modeler.”

—@ystein Haugen, Ericsson Representative in the OMG UML 2.0 Standardization,
Associate Professor, University of Oslo

“This book provides an authoritative and user-oriented account of UML 2.0.”

—Dr. Robert France, Department of Computer Science, Colorado State University.

“This is so far the most comprehensive book on UML 2.0. It gives you what the
specification does not: real introductions to the various parts of UML, annotated
examples, discussions on how to use the new features, and an insight into how and
why the new features entered UML 2.0. As one of the persons who was involved in
the making of UML 2.0, I can tell that the book is faithful to the specification and to
the ideas behind the new features. Read this book instead or as a complement to the
specification.”

— Birger Moller-Pedersen, Professor, University of Oslo
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Goals

This book is intended to be a complete, useful reference to the Unified Modeling
Language (UML) for the developer, architect, project manager, system engineer,
programmer, analyst, contracting officer, customer, and anyone else who needs to
specify, design, build, or understand complex software systems. It provides a full
reference to the concepts and constructs of UML, including their semantics, nota-
tion, and purpose. It is organized to be a convenient but thorough reference for the
working professional developer. It also attempts to provide additional detail about
issues that may not be clear from the standards documents and to provide a ratio-
nale for many decisions that went into the UML.

This book is not intended as a guide to the UML standards documents or to the
internal structure of the metamodel contained in them. The details of the meta-
model are of interest to methodologists and UML tool builders, but most other
developers have little need for the arcane details of the Object Management Group
(OMG) documents. This book provides all the details of UML that most develop- '
ers need; in many cases, it makes information explicit that must otherwise be
sought between the lines of the original documents. For those who wish to consult
the source documents, they are on the OMG web site (www.omg.org).

This book is intended as a reference for those who already have some under-
standing of object-oriented technology. For beginners, the original books by us
and by other authors are listed in the bibliography; although some of the notation
has changed, books such as [Rumbaugh-91], [Jacobson-92], [Booch-94], and
[Meyer-88] provide an introduction to object-oriented concepts that is still valid
and therefore unnecessary to duplicate here. [Blaha-05] updates [Rumbaugh-91]
using UML notation. For a tutorial introduction to UML that shows how to model
a number of common problems, see The Unified Modeling Language User Guide
[Booch-99] or UML Distilled [Fowler-04]. '
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UML does not require a particular development process. Although UML may
be used with a variety of development processes, it was designed to support an
iterative, incremental, use-case—driven process with a strong architectural focus—
the kind we feel is most suitable for the development of modern, complex systems.
To place UML in its context as a tool for software development, this book defines
the stages of such a process, but they are not part of the UML standard. The Unified
Saftware Development Process [Jacobson-99] describes in detail the kind of process
we believe complements the UML and best supports software development.

Second Edition and UML Version

This second edition has been extensively modified from the first edition, which
was published in 1999. This edition is based on the OMG “adopted” specification
of UML version 2.0, with anticipated changes to the “available” specification being
prepared by an OMG Finalization Task Force. Corrections to the book due to
changes in the OMG UML specification will be posted on the publisher’s web site
for this book at www.awprofessional.com/titles/0321245628. The information in
the book is accurate as of June 2004. .

Original specification documents and up-to-date information about work on
UML and related topics can be found on the OMG web site at www.omg.org.

Reference Manual and OMG Specification

UML is a large modeling language with many features. A reference manual that

* just repeats the original specification documents would not help readers much. As

in any dictionary or encyclopedia, we have had to summarize information as
clearly as possible while reducing the amount of material included. We have fre-
quently chosen to emphasize common usages by omitting obscure special cases or
redundant means of representing some concepts. This does not mean that those
capabilities are useless, but most readers should be able to succeed without using
them. The Reference Manual should not be regarded as the final authority on the

UML language, however. As with any standard, the final authority rests with the

official specifications, and these should be consulted to resolve disputes.
We have tried to follow these principles:

+ Explain the main intent of a concept without getting lost in the details of the
metamodel representation.

« Avoid discussion of abstract metaclasses. Modelers must ultimately use concrete
metaclasses, which can be described more simply if the internal abstract layers
are collapsed.

+ Avoid discussion of the packaging of the metamodel. The packages may be im-

portant to tool builders, but modelers don’t need to know them most of the
time. If you need to know, you need to look at the specification in detail anyway.
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* Describe concepts from the complete specification. The OMG specification has
a number of intermediate layers and compliance points that greatly complicate
understanding of UML. We describe UML with all of its features. If your tool
does not implement all of the facilities, then some of the features may be un-
available to you, but it doesn’t usually hurt to know about them.

* Describe concepts from the viewpoint of their normal usage. Often the OMG
specification goes to considerable trouble to express concepts in a general way.
This is proper for a specification, but we feel that readers often understand con-
cepts better if they are presented in a specific context and then generalized. If
you are worried about the application of a concept in a complex, ambiguous sit-
uation and you feel that the Reference Manual explanation may be inadequate,
check the original specification. Unfortunately, however, even the OMG specifi-
cation is sometimes ambiguous in complex situations.

Outline of the Book

The UML Reference Manual is organized into four parts: (1) an overview of UML
history and of modeling, (2) a survey of UML concepts, (3) an alphabetical dictio-
nary of UML terms and concepts, and (4) brief appendices.

The first part is an overview of UML—its history, purposes, and uses—to help
you understand the origin of UML and the need it tries to fill.

The second part is a brief survey of UML concepts so that you can put all the
features into perspective. The survey provides a brief overview of the views UML
supports and shows how the various constructs work together. This part uses an
example that walks through various UML views. It contains one chapter for each
kind of UML view. This survey is not intended as a full tutorial or as a comprehen-
sive description of concepts. It serves mainly to summarize and relate the various
UML concepts, providing starting points for detailed readings in the dictionary.

The third part contains the reference material organized for easy access to each
topic. The bulk of the book is an alphabetical dictionary of all of the concepts and
constructs in UML. Each UML term of any importance has its own entry in the
dictionary. The dictionary is meant to be complete; therefore, everything in the
concept overview in Part 2 is repeated in more detail in the dictionary. The same
or similar information has sometimes been repeated in multiple dictionary articles
so that the reader can conveniently find it. Some common object-oriented terms
that are not official UML concepts are included to provide context in examples
and discussions.

Appendices show the UML metamodel and a summary of UML notation. There
is a brief bibliography of major object-oriented books, but no attempt has been
made to include a comprehensive citation of sources of ideas for UML or other ap-
proaches. Many of the books in the bibliography contain excellent lists of refer-
ences to books and journal articles for those interested in tracking the

development of the ideas.



Dictionary Entry Formatting Conventions

The dictionary part of the book is organized as an alphabetical list of entries, each
describing one concept in some detail. The articles represent a flat list of UML
concepts at various conceptual levels. A high-level concept typically contains a
summary of its subordinate concepts, each of which is fully described in a separate
article. The articles are highly cross-referenced. The flat dictionary organization
permits the description of each concept to be presented at a fairly uniform level of
detail, without constant shifts in level for the nested descriptions that would be
necessary for a sequential presentation. The hypertext format of the document
should also make it convenient for reference. It should not be necessary to use the
index much; instead, go directly to the main article in the dictionary for any term
of interest and follow cross-references. This format is not necessarily ideal for
learning the language; beginners are advised to read the overview description of
UML found in Part 2 or to read introductory books on UML, such as the UML
User Guide [Booch-99].

Dictionary articles have the following divisions, although not all divisions ap-
pear in all articles. :

Headword and brief definition

The name of the concept appears in boldface, set to the left of the body of the arti-
cle. A brief definition follows in normal type. This definition is intended to cap-
ture the main idea of the concept, but it may simplify the concept for concise
presentation. Refer to the main article for precise semantics.

Predefined stereotypes are included as entries. A comment in parentheses fol-
lowing the entry name identifies the modeling element to which they apply.

Semantics

This section contains a detailed description of the meaning of the concept, includ-
ing constraints on its uses and its execution consequences. Notation is not covered
in this section, although examples use the appropriate notation. General semantics
are given first. For concepts with subordinate structural properties, a list of the
properties follows the general semantics, often under the subheading Structure. In
most cases, properties appear as a table in alphabetical order by property name,
with the description of each property on the right. If a property has an enumerated
list of choices, they may be given as an indented sublist. In more complicated cases,
a property is given its own article to avoid excessive nesting. When properties re-
quire more explanation than permitted by a table, they are described in normal
text with run-in headers in boldface italics. In certain cases, the main concept is
best described under several logical subdivisions rather than one list. In such cases,
additional sections follow or replace the Structure subsection. Although several
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entry name Dictionary entry format

A brief description of the concept in one or two sentences.
See also related concept.

Semantics
A description of the semantics in several paragraphs.

Structure

A list of the subordinate concepts within the main concept.

item Description of an item. UML metamodel names are
usually converted into plain English.
enumerated item An enumeration with several values. List of values:
value The meaning of this value of the item.

Another item. More complicated topics are described in separate paragraphs.

Example

An example may be included in semantics, notation, or stand alone.
Notation
Description of the notation, usually including a diagram or syntax.

Presentation options
Describes variant forms of notation, usually optional.
Style guidelines

States recommended practice although not mandatory.

Discussion

The author’s opinions or background explanations beyond UML.

History

Changes from UML version 1.x.

stereotype entry (stereotype of Class)

Description of the meaning of the stereotype.
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organizational mechanisms have been used, their structure should be obvious to
the reader. The names of properties are usually stated in plain language rather than
using internal identifiers from the UML metamodel, but the correspondence is
meant to be obvious.

Notation

This section contains a detailed description of the notation for the concept. Usu-
ally, the notation section has a form that parallels the preceding semantics section,
which it references, and it often has the same divisions. The notation section usu-
ally includes one or more diagrams to illustrate the concept. The actual notation is
printed in black. To help the reader understand the notation, many diagrams con-
tain annotations in blue. Any material in blue is commentary and is not part of the
actual notation.

Style guidelines

This optional section describes widespread style conventions. They are not man-
datory, but they are followed within the UML specification itself. Recommended
presentation guidelines may also be given in a separate section.

Example

This subsection contains examples of notation or illustrations of the use of the
concept. Frequently, the examples also treat complicated or potentially confusing
situations. If the examples are brief, they may be folded in with another section.

Discussion

This section describes subtle issues, clarifies tricky and frequently confused points,
and contains other details that would otherwise digress from the more descriptive
semantics section. A minority of articles have a discussion section.

This section also explains certain design decisions that were made in the devel-
opment of the UML, particularly those that may appear counterintuitive or that
have provoked strong controversy. Simple differences in taste are generally not
covered.

Sometimes we express an opinion on the value (or lack thereof) of certain con-
cepts. We recognize that others may disagree with these assessments. We have tried
to confine opinions to the discussion section.

History

This section describes changes from UML1 to UML2, sometimes including rea-
sons for the changes. Minor changes are not usually listed. Absence of this section
does not mean that no changes have occurred. -
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Syntax Conventions

CD

Syntax expressions. Syntax expressions are given in a modified BNF format in a
sans serif font (Myriad). Literal values that appear in the target sentence are
printed in black, and the names of syntax variables and special syntax operators
are printed in blue.

Text printed in black appears literally in the target string.

Punctuation marks (always printed in black) appear literally in the target string.

Any word printed in blue ink represents a variable that must be replaced by an-
other string or another syntax production in the target string. Words may contain
letters and hyphens. If a blue word is italicized or underlined, the actual replace-
ment string must be italicized or underlined.

In code examples, comments are printed in blue to the right of the code text.

Subscripts and L-brackets are used as syntax operators as follows:

expressiongpe The expression is optional.

expression);s; A comma-separated list of the expression may appear. If
there is zero or one repetition, there is no separator. If a
different punctuation mark than a comma appears in the
subscript, then it is the separator.
= expressionJopt A pair of right angles ties together two or more terms that
' are considered a unit for optional or repeated occur-
rences. In this example, the equal sign and the expression
form one unit that may be omitted or included.

Two-level nesting is avoided. Particularly convoluted syntax may be simplified
somewhat for presentation, but use of such convoluted syntax is likely to be con-
fusing for humans anyway and should be avoided.

Literal strings. In running text, language keywords, names of model elements, and
sample strings from models are shown in a sans serif font (Myriad).

Diagrams. In diagrams, blue text and arrows are annotations, that is, explanations
of the diagram notation that do not appear in an actual diagram. Any text and
symbols in black are actual diagram notation.

This book is accompanied by a CD containing the full text of the book in Adobe®
Reader® (PDF) format. Using Adobe Reader, the viewer can easily search the book
for a word or phrase. The CD version also contains a clickable table of contents, in-
dex, Adobe Reader bookmarks, and extensive hot links (in red) in the bodies of the
articles. Simply click on one of the links to jump to the dictionary article for a
word or phrase. We hope that this CD will be a useful reference aid for readers.
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Creators of UML

We wish to thank the many collaborators who built the UML specification
through years of meetings, heated discussions, writing, and implementation of
ideas. The list of contributors has grown significantly since UMLI, and the OMG
specification no longer lists the major contributors, who number between twenty
and fifty depending on the threshold for inclusion, and even more if work influ-
encing UML is included. It no longer appears possible to compile a complete list
without overlooking many persons.

Most of all, we want to celebrate the hundreds of persons who contributed to
the community of ideas from which UML was drawn—ideas in object-oriented
technology, software methodology, programming languages, user interfaces, visual
programming, and numerous other areas of computer science. It is impossible to
list them all, or indeed to track even the major chains of influence, without a major
scholarly effort, and this is an engineering book, not a historical review. Many of
them are well known, but many good ideas also came from those who did not have
the good fortune to become widely recognized. The bibliography includes a few of
the lesser-known books that influenced the authors.
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