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This book is dedicated to my son, Robert Graham Miller.



PREFACE TO
THE THIRD EDITION

He threw down his book, stretched his legs towards the embers in
the grate, and clasped his hands at the back of his head, in that
agreeable afterglow of excitement when thought lapses from
examination of a specific object into a suffusive sense of its
connexions with all the rest of our existence.

George Eliot (Middlemarch)

hen the first edition of this book appeared in 1991, there was a great deal

of excitement and interest in object-oriented techniques in the IT industry

and in academia, with public seminars held almost weekly. New journals
and regular conferences were being established, and the membership of special
interest groups was growing rapidly. By the time the second edition came out
interest had peaked and many commercial organizations had already had their first
experiences of the technology for better or worse. Still the fuss continues and, while
the languages have stabilized a little, the furore over methods and life-cycle issues
has, if anything intensified even further — even though the emergence of the Unified
Modelling Language (UML) has largely settled disputes over notation. Current
concern now focuses on cross-enterprise application integration and component-
based development. Since the second edition appeared the field of object technology
(OT) has, perhaps, trebled in its size and scope: published work and topics covered.
It was a daunting prospect to begin to expand this volume, whose original aim had
been to provide a comprehensive survey, without making the book excessively large.
On the other hand the character of many of the new developments has been that of
variations on themes that were around in 1994: the popularity of Jim Coplien’s C++
idioms was the first inkling of the huge explosion of interest in design patterns; early
object request brokers based on the Object Management Group (OMG) architecture
model have matured and been put into production; new, better object-oriented
programming languages have emerged; object-oriented databases are now in
everyday commercial use — though still on a limited scale. Beside all this there has
been a complete shake-out in the area of analysis and design methods. Plus ¢a
change, plus c’est la méme chose. The result has had to be a very substantial
rewrite.
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SUBJECT
MATTER

This book is essentially a survey of the whole area of object technology. It covers
object-oriented programming, object-oriented design, object-oriented analysis,
object-oriented databases and concerns several related technologies. There is a
number of good books on object technology covering specific languages and
methods. More general coverage is provided in these books only incidentally. They
give a high level overview of the philosophy and benefits of object-orientation in
general but trouble the reader with a great deal of material specifically about
programming and are dependent on the syntax of particular languages. At the other
extreme there are now some very good ‘management surveys’ available, but these
are not generally of sufficient technical depth for practitioners or students. The
reader seeking a reasonably detailed understanding of those aspects of object-
orientation not related to programming has to turn to the research literature,
conference proceedings, massive monographs or collections of highly technical
papers. If such a reader wants to gain a general understanding of the whole field
rapidly or evaluate the future réle of object technology, there are few coherent and
comprehensive sources. My aims are therefore to address a gap in the literature in
the following ways.

®  Providing a single source, comprehensive, language-independent
introduction covering all aspects of object technology from the perspectives
of both the developer and management.

W Placing much more emphasis on the viewpoint of the conceptual modeller,
compared to that of the programmer or designer; and upon the practical
issues surrounding the use of object-oriented techniques in commercial
environments.

B Propagating the view that object-orientation, artificial intelligence and data
modelling together (rather than separately) are required to address the
central issues of IT.

B Providing an introduction to and evaluation of object-oriented languages,
middleware, databases and methods; and relating them each to conventional
technology. In particular, providing the first concise explanation of the
powerful Catalysis™ method for component-based development (D’Souza
and Wills, 1999).

B Attempting to explode some of the myths surrounding object technology
while retaining a genuinely optimistic evaluation of its practical use.

B Supplying sufficient depth and reference material to - guide students and
practitioners entering the field.

The further objective of this book, which it shares with both previous editions, is
to state in a clear manner the answers to the following questions.

B What are object-oriented methods?

B What are the benefits, pitfalls and likely costs?

B What languages, methods and tools are available, and how may they be
evaluated?

B What has to be done to get started with adoption?



MAJOR
CHANGES IN
THE THIRD
EDITION

Preface xi

What is the role of object-oriented analysis and design methods?
How does one capture requirements for QO systems?

How can object-orientation be managed?

What special skills are required?

What are the links to other areas of Information Technology (IT)?
What are suitable applications?

Incidentally to the above aims the book exposes some of my own original work
on object-oriented conceptual modelling using the idea of rulesets, requirements
engineering and development process — collectively referred to as SOMA (Semantic
Object Modelling Approach). I have interwoven SOMA with Catalysis and used the
UML notation throughout the chapters on method. In reading this material the
reader should be aware of the distinctive feature of my approach, which interprets
object modelling as a general form of knowledge representation, rather than just a
way to describe computer programs.

This edition is a very substantial revision and extension of the Second Edition,
reflecting major changes in the field since the first two editions. The rapid
acceptance of object technology since I wrote the first edition has astounded me
along with even the most fervent propagandists for it. The rapid changes in the
technology which have occurred during the past three years or so are less surprising.
Not only have the products changed and the number of methods grown, but the
conclusions that a practitioner or, indeed, a careful observer can draw are quite
different from what they were in 1991 or 1994. One of the most significant changes
has been the acceptance, by the industry at large, of the OMG and their publication
of various standards for object technology. On the other hand there is much that has
not changed. Thus, while the objective of the book remains the same, the means of
achieving it must be substantially different. This edition brings all the definitional
material up to date and into conformity with newly emerging standards. It
modernizes the descriptions of products and methods available and draws new
conclusions based on the new facts.

The major changes are as follows. Chapter 1 has been modified slightly to
reflect greater clarity and standardization of terminology than was present in the
industry when the book was first written. It has benefited from what I hope are
better, more mature pedagogical techniques that I have developed in the course of
lecturing about and teaching the subject to many people. A new Chapter 4 on
middleware and migration strategies has been included, with more material on OMG
standards. The material on object-oriented databases in Chapter 5 has been
completely updated to reflect new and increasingly mature products in this area. The
biggest change is to the material on object-oriented analysis and design and their
management. The survey of the 50 or more methods that were around six years ago
has been relegated to an appendix, which will be of chiefly historical interest. The
book now uses UML throughout and Chapters 6 and 7 describe best practice for
object-oriented analysis and design. based mainly on the insights of Catalysis and
SOMA. A new appendix summarizes the UML notation. Chapter 7 is new and
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INTENDED
READERSHIP

covers software architecture, patterns and component-based development. Chapter 8
describes the SOMA approach to requirements engineering in detail. Chapter 9, on
management, is substantially reorganized for greater clarity of exposition and to give
a far more definite prescription of the recommended development process. It now
includes guidance on user interface design. All other chapters and Appendix A have
undergone slight revision and improvement to reflect new developments in the field
and correct any errors which remained in the Second Edition and which I was aware
of.

[ have added exercises at the end of most chapters to assist the substantial
number of educational users of whom I became gradually aware over recent years.
Selected answers can be found on the TriReme web site; where I know the answers,
that is. The Bibliography is substantially expanded, to reflect the general growth in
the volume of the literature as well as the new material in this edition, and the
Glossary has been updated and improved.

Despite these drastic changes the essential purpose of the book remains
unchanged and I hope it is merely a more comprehensive, detailed, up-to-date and
accurate survey of object-oriented methods than it would have been without the
alterations.

The book is intended to be accessible to readers who do not have deep specialist
knowledge of theoretical computer science or advanced mathematics, but at the same
time it attempts to treat the important issues accurately and in depth. It provides
advice on how best to exploit object technology in practice.

The primary audience I had in mind for earlier editions was the IT and DP
profession; software engineers and, generally, people who work with computers
whether in user organizations, consultancies, universities or manufacturers.
Although this is still the case with this edition, it has become clear that the book now
has a loyal following in universities where the book is often used as a text for
introductory undergraduate courses in object technology within an information
technology or software engineering curriculum, perhaps complementing another
course on object-oriented programming. It will therefore be of interest to teachers of
Computer Science, Business Systems Analysis and possibly Artificial Intelligence.
Researchers will be interested in the book as a survey and for the original
contributions. They may also find some of the commentary scattered through the
book thought provoking or even controversial. Managers and project planners will
read it to gain an understanding of how the technology will affect their business
practices and to be able to plan more effectively for change. Consultants, project
managers, systems analysts and designers will read it to evaluate and stay abreast of
the technology and, I’hope, use the techniques explained in their day-to-day work.
Programmers will read it to broaden their horizons in this area.

The material in this book, as it evolved, has been presented to VEry many
audiences at various conferences, public seminars and in-house training courses.
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Preface Xxiii

Expert systems
background

B uses concepts or B is supported by A
terms developed in A but may be read
K independently )

There are a number of optional reading paths through the material presented in this
book. The two prime routes through the text are illustrated in the reading map.
Managers and those wishing for a high level view of the subject may take the high
road through Chapters 1, 2 and 10. Project managers might also include Chapter 9.
People interested in analysis methods must take the low road, as Chapters 6-8 build
on all previous chapters. However, Chapter 1 should be read even by people
familiar with object-oriented programming since it introduces terminology which
may differ from that of other works, stressing — as I have indicated — a conceptual
modelling viewpoint. Specialist topics and significant digressions are indicated by
the diversion icon shown to the left of this paragraph (which is not a digression).

I hope the book tells a story if read sequentially. There are certainly some key
themes to look out for. These are the differentiation of the viewpoints of the system
designer from the conceptual modeller, the need for object-orientation to absorb
techniques and ideas from other areas of computing and the need to add semantic
richness to the more well-understood benefits of object-orientation: reusability and
extensibility.

Since many of us are prone to strong opinions on language and spelling, and since
some of my habitual usage has attracted comment from some referees of this and
previous editions of this work, I feel that it is worthwhile clarifying the principles
that I have applied in this respect in this text. Also, the conventions of spelling and



xiv Object-oriented methods

the rules of transformational syntax vary between English, American English and
other ‘Englishes’.

The principle behind the spelling is etymological. Thus many words ending -IZE
are spelt that way (as is the American fashion), rather than the more usual modern
English -ISE, when the Greek or Latin original indicates that the former is correct.
This has to be largely based on guesswork, since I have never formally learnt any
foreign languages other than Chinese and German. However, I have discovered that
a useful rule of thumb is to ask whether there can be an -IZATION. If not, as with
ADVERTISE, CIRCUMCISE or DEVISE, then the S is correct. The only exception I know
of (and the only one in the Concise Oxford) is IMPROVISATION. CONNEXION is spelt
with an X for similar etymological reasons. However, when words from foreign
languages or quotations are used the original spelling is retained. Thus,
CONNECTIONISM is used for the school of thought on neural nets, due to its American
origin. Latin and other imported words are consistently italicized. All such words
are to be found in a good English dictionary. Bold characters are used for
definitions and italics for emphasis. Small capitals are used for the names of
‘patterns’ and for terms we wish to discuss (as in this paragraph).

The word DATA is the plural of DATUM and is used as such throughout. I fail to
see why writers on Computing should get away with their almost universal error of
treating DATA as a singular when writers in no other discipline do so. This is nothing
to do with the differences between American and English, as a brief glance at books
on Geography, Statistics, Medicine, Management and so on from both sides of the
Atlantic will soon demonstrate. Words with two dictionary definitions such as
BIMONTHLY and BILLION are proscribed.

The word METHODS is used in three different ways in this book:

B methods for doing software engineering in general (in the title);

B particular methods for doing software engineering and modelling (as with
the Catalysis and SOMA methods); and

B methods (programs) implementing the behaviour of objects.

I'have resisted the non-word METHODOLOGIES on the same grounds that I would
reject Physicses, or Chemistries. The OED has it that Methodology (and the
capitalization is necessary) is ‘the science of method’ and Chambers adds ‘within a
science or discipline’. The plural could only be used if there had been a ‘paradigm
shift’” in the sense of Thomas Kuhn (a solecism in itself!) in our perception of the
way of doing things. Since many people believe that object technology is such a
paradigm shift, we could correctly write the sentence: ‘There is a difference between
the Structured and the Object-Oriented Methodologies.”; meaning that the whole
approach to computer science has altered. It is pure barbarism to write: ‘There is a
difference between the Yourdon and Jackson methodologies.” I try to avoid words
like PARADIGM too.

IPARADIGM really means a model or especially typical example.
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Sexist. assumptions in writing — as in life - should be avoided. My preference is
for a plural personal pronoun or sthe (pronounced ‘she’) instead of the ugly and
intrusive ‘he or she’. However, I distinguish between sexual and grammatical
gender; so that MAN is merely short for MANKIND and means the same as
HUMANITY. Thus the term MAN-DAY is to be taken generically; the gender being
grammatical rather than sexual. Otherwise, the French would have to start saying ‘le
ou la personne’ (people are feminine in most European languages) and the English
speaker would be obliged to use WOPERSON for WOMAN. Political correctness is
achieved by overthrowing evils, not by tinkering with language.

Split infinitives are usually avoided, based on personal preference and my belief
that readability is enhanced when adverbs appear late in sentences. No attempt to
write in short, journalistic sentences has been made, except where clarity so dictates.
I have tried to employ the correct word, rather than a word that everybody will
know. Particularly obscure (to my referees) words, or words where the dictionary
would not be adequate due to nuance, have been added to the glossary or defined in a
footnote. The dictionaries used were the Oxford English Dictionary (Compact
Edition) (OED) and Chambers English Dictionary. A certain number of words that
are not in the dictionary are inevitable in a book on a technical subject of this kind.
An example is WORKSTATION, as opposed to WORK STATION. The latter seems
distinctly wrong in the context of a local computer, where the emphasis is on its
capability rather than its location. I have taken such liberties fairly thoughtfully
though. Language, after all, is a living thing.

These are the theoretical principles applied. In practice there may be several
grammatical and spelling errors.

Although it contains much original material, this book is largely a survey of other
people’s work and could not have been written without that work. 1 would like to
acknowledge the contribution of these other authors. Also, many of the ideas
contained are the result of personal interaction between the author and a number of
his colleagues, clients and friends.

Special thanks are due to Akmal Chaudri for his contribution to Chapter 5. The
remarks of several anonymous referees were very helpful too. Alan O’Callaghan of
De Montfort University co-wrote Chapter 7. Alan Cameron Wills co-wrote Chapters
6 and 7. The latter deserves special mention: many of the figures in these chapters
were copied from his original artwork as contained in TriReme’s UML and Catalysis
course material. Alan is still teaching me a great deal about the subject and I
acknowledge a great debt to him for this and his encouragement during the
preparation of this text. This should not be taken to mean that either of my co-
authors agrees with all the assertions [ make or stances I adopt. The responsibility
for any errors that remain in the text is entirely mine.

With the long history of this text, there is not space to acknowledge the nature of
every individual contribution to this and earlier editions. I want, however, to thank
all the following people and organizations for their help: Mark Addison, Nigel
Backhurst, Sav Bhoja, Steve Birkbeck, Julia Bischof, Grady Booch, Franco Civello,

3



xvi Object-oriented methods

Dave Clark, Alistair Cockburn, Graham Collins, Larry Constantine, Cos
Constantinou, John Cresswell, Robin Crewe, John Daniels, Sally Davies, Malcomb
Dick, Faramarz Farhoodi, Armando Ferreira, Don Firesmith, Martin Fowler,
Florence Froidevaux, Stuart Frost, Tim Gee, Thomas Grotehen, Brian Henderson-
Sellers, Kevlin Henney, Chris Harris-Jones, Benedict Heal, Tim Lamb, David
Harvey, Jane Hillston, Michael Jackson, Margaret James, Peter Jones, Fiona
Kinnear, David Lee. Chris Lees, Mark Lewis, Nick Lukic, Margaret Lyall, Neil
Maiden, Sonia Math, Clive Menhinick, Sally Mortimore, Derek Pearce, Colin
Prosser, Rob Radmore, Al-Noor Ramji, Dan Rawsthorne, David Redmond-Pyle,
Elaine Richardson, René Schwarb, Richard Seed, Tony Simons, Richard Smith, Gail
Swaffield, John Taylor, Brian Thal, Ulrika Thyssen, Richard Walker, Rose Watson,
John Weich, David Welton, Kerry Williams, Benoit Xhenseval, Jennifer Yates,
Marcus Zemp. BIS Applied Systems, BIS Banking Systems, Chase Manhattan Bank,
De Montfort University, Eric Leach Marketing, Equitable Life, Swiss Bank
Corporation (now UBS), TriReme International and the Expert Systems, OOPS and
Requirements Engineering Specialist Groups of the British Computer Society. All
the staff at Pearson Education demonstrated their usual splendid professionalism and
especial thanks are due to my editor, Alison Birtwell.

Thanks go too to the various audiences who endured my seminars and classes
during the period when these ideas were being developed and refined and who
provided valuable feedback, and occasionally — and most usefully — asked hard
questions. 1 would also like to thank the thousands of people scattered throughout
the world, living and dead, whose labour, by hand or by brain, created the word
processing system I am now using. Without it no edition of this book would ever
have been written.

Lastly, it’s about time that [ came clean and acknowledged the contribution of
The Grove: the hostelry where much of all my books has been written and corrected.
It is a Victorian pub with an interior that deserves to be listed and nearly always
empty enough to guarantee me a table to work at; which is perhaps why some of the
locals — who come from all walks of life from car mechanics to criminologists — call
it The Grave. The other writers that rely on it tend to refer to The Balham Reading
Rooms instead; to my knowledge at least two books on the culture of the Solomon
islands, one novel and a song (The Ballad of Ken Livingstone — copies on request) also
had their origins there. It also provides an occasional venue for me to join the
resident Wandle Delta String Band and inflict my bodhrdn playing on the public.
See you there!

Ian Graham
Balham, November 2000
(ian @trireme.com)



EE5E Mnil==m

it A At AL

o

A (REFHAR)

BREFALER (BHBFR)

medF (RPFHIR)

A2 2

BAEXITETBRAREN (RHF2KR)

Yoy 7 & B A

Cit TR (RHFR)

CH A%t #4s

CEAZITEE

C++H B iRiHET (H 500 )

(Cr+#2 53813585 ) M

Cr+E & st £ L (RHEF2)

C++%H LA (BB F2MK)

C++Hh 86 . #4485 %
C++i5 T #ikit oL

C++RE B3t #42

Cr+4h#EZR (RABH1IR)

JavalB T 5% (RHEF3MR)

Javatp 224 (RBF2)

Javah HER (BB RIM)

Javaf2 it B A2 (REFHIM) LM (HEHk)
JavafE A2 (RHFHIR) TH (HiEHE)
Visual Basic. NET # 5% 5 £85d (BB E2R)
&G RAE AR —Tavais TR (MER)
& @i AR AR —CriE THEE

AR EC++ 5 & & 2 A2 AR

Javad 6 2F § A2 kit A2

& #) 2 £ A Bkt B R %)
BWEM, FxERA C++iE T HA
BIERIER T

Linux##H24NEEI (BEE)
UNIX#1F & 4eik 3t

UNIX 3% & 4 4 42

UNIX % #2 31 3%

ARBEREZ A

HATH R KRR EH (BRBEF2R)

Parsons /% #/50.00
Rosen/# % 3/75.00
Brualdi/#% #% £/38.00
Kernighan/ £ 7 #/20.00
Sethi/ £ 7 #/45.00
Petzold/ {2 2 B /24.00
Pohl/# & #:/48.00
Deitel/ & 7% #5/33.00
Kernighan/# & X/28.00
Stroustrup/ £ & #/78.00
Vandevoorde/ £ F #/23.00
Lee/ 8% & #/45.00
Eckel/2| 5 ¥ /59.00
Shtern/ % )7 ¥ /85.00
Stroustrup/ £ ¥ #/48.00
Deitel/ 8 7 #/22.00
Eckel/# %.,11/39.00
Campione/ % 31 18/59.00
Eckel/4&4£/99.00
Eckel/ ¥ ¥ L % £/60.00
Deitel/ % J L) /55.00
Deitel/ % 3.1 /69.00
Deitel/ 2 #%/118.00
Kalin/Fh# 4% /55.00
Johnsonbaugh/iff & 3/48.00
Wang /% {#/39.00
Kafura/# 8% % /49.00
Laszlo/#T £ /35.00
Sahni/ X J* % /49.00
Louden/# H 3./39.00
Nutt/ & 77 #%/29.00
Bach/Fk % 42/35.00
Stevens/ £ & 7T./55.00
Kernighan/ 4 & #/24.00
Tanenbaum/ 7% %1 %% /40.00
Culler/ % 8254 /78.00



% My it BBUAE
THREIITHE: BR, 28558
474 %t

BEEZ9BE (BEFIR)
HEERE, BELME (BEE2R)
A B

HIBEEFFH

HIEERGTA

BB R RGBS

HERE. BAEBHK

BECE (BRHF3m)

HELE

FERAERE

it HAAg ke

BEARERE (REH2K)
2R %Rt

BB IEAS (BHHE2R)
BAET B

ISDN, B-ISDNX5 #i ¥ 8 A= ATM ( & 3 $ 455 )

HENRS (RESH2%)

i EAR Lk A (MAER)
it F AL 48 52 A A B F
HENASEERHER (M)
TCP/IP## %1: #his
TCP/IPi£ /M #11: R A

TCP/IPif# £I11: TCP¥ 4. HTTP. NNTPAUNIX Hix

HEBIZTHME (FIR)

HARBEE M B HA

R RBH KL

Internetf A3 2

LPHRXBEA%L. REL S
SHEXH R b RE

2 X &Rkt

®HLHE (RBEFHOR)

BHIR: ERFOHRFTE (REESK)
BHRX: TERGAN R4 E
B SRFOHEFTE (RELIR)
B4 142, JavarE T 20

HEMBH Lk (BHE2R)
FEEAAREESE (Hidk)

ALK

nEF

HFER, BAS5EH

BAXH RA%RTRE (W)

Gl PR

Tanenbaum/ x| 2 % /46.00
Hwang/ s & i% /49.00
Wilkinson/ Kk & i% /43.00
Silberschatz/ # 4 % /69.00
O’Neil/ B # 3% /55.00
Stephens/47 %% /35.00
Date/ & «1~#-/66.00
Garcia-Molina/# £ % /45.00
Silberschatz/# % #/49.00
Han/3% %4 /39.00
Inmon/% & %./29.00
Inmon/ % B % /25.00
Reynolds/ 3k 3 /42.00
Mandell/ £. 8% # /38.00
Forouzan/ % # 7 /68.00
Hagan/# 3£/49.00
Walrand/ % £ #%/55.00
Tvede/# R % /28.00
Stallings/#2 8 3% /48.00
Peterson/ 1 #7 4% /49.00
Dean/ H] 4 42/65.00
Dean/ M 44#/15.00
Comer/# & 1 /40.00
Stevens/ 3¢ i 4 /45.00
Wright/ & & % /78.00
Stevens/ 3 & d/35.00
Forouzan/ % B % /48.00
Shay/ % 4% % /40.00
Palmer/ /™ 1$/20.00
Comer/ % 3£.11/18.00
Galli/# B /38.00
Bruce/ ¥ 4%9/35.00
Wu/ % 4 £-/30.00
Sommerville/#2 8./49.00
Pressman/#% £ /59.00
Gamma/ 3 #/35.00
Pressman/#% % /48.00
Schach/ % 3k.11/38.00
Rogers/ & #3£/55.00
Giarratano/£P %/49.00
Nilsson/#F 424£/30.00
Mitchell/ ¥ 4 £/35.00
Yarbrough/ & ¥ 7£/49.00
Wolf/#h % 2% /65.00
Sipser/3K 3 5 /30.00



