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Preface

1 write to prod designers and design project managers into think-
ing hard about the process of designing things, especially complex
systems. The viewpoint is that of an engineer, focused on utility
and effectiveness but also on efficiency and elegance.

Who Should Read This Book?

In{The Mythical Man-Month|I aimed at “professional programmers,
professional managers, and especially professional managers of
programmers.” I argued the necessity, difficulty, and methods of
achieving conceptual integrity when software is built by teams.

This book widens the scope considerably and adds lessons
from 35 more years. Design experiences convince me that there
are constants across design processes in a diverse range of design
domains. Hence the target readers are:

1. Designers of many kinds. Systematic design excluding intu-
ition yields pedestrian follow-ons and knock-offs; intuitive design
without system yields flawed fancies. How to weld intuition and
systematic approach? How to grow as a designer? How to func-
tion in a design team?

Whereas I aim for relevance to many domains, I expect an
audience weighted toward computer software and hardware
designers—to whom I am best positioned to speak concretely.
Thus some of my examples in these areas will involve technical
detail. Others should feel comfortable skipping them.

2. Design project managers. To avoid disaster, the project man-
ager must blend both theory and lessons from hands-on experi-
ence as he designs his design process, rather than just replicating
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some oversimplified academic model, or jury-rigging a process
without reference to either theory or the experience of others.

3. [Design researchers, The study of design processes has
matured; good, but not all good. Published studies increasingly
address narrower and narrower topics, and the large issues are
less often discussed. The desire for rigor and for “a science of
design” perhaps discourages publication of anything other than
scientific studies. I challenge design thinkers and researchers
to address again the larger questions, even when social science
methodology is of little help. I trust they will also challenge the
generality of my observations and the validity of my opinions. I
hope to serve their discipline by bringing some of their results to
practitioners.

Why Another Book on Design?

Making things is a joy—immensely satisfying. J. R. R. Tolkien
suggests that God gave us the gift of subcreation, as a gift, just
for our joy.* After all, “The cattle on a thousand hills are mine. ...
If I were hungry, I would not tell you.”* Designing per se is fun.|

The design process is not well understood either psychologi-
cally or practically. This is not for lack of study. Many design-
ers have reflected on their own processes. One motivation for
study is the wide gaps, in every design discipline, between best
practice and average practice, and between average practice and
semi-competent practice. Much of design cost, often as much as
a third, is rework, the correction of mistakes. Mediocre design
provably wastes the world’s resources, corrupts the environment,
affects international competitiveness. Design is important; teach-
ing design is important.

So, it was reasoned, systematizing the design process would
raise the level of average practice, and it has. German mechanical
engineering designers were apparently the first to undertake this
program.*

The study of the design process was immensely stimulated
by the coming of computers and then of artificial intelligence. The
initial hope, long delayed in realization and I think impossible,




was that Al techniques could not only take over much of the
drudgery of routine design but even produce brilliant designs
lying outside the domains usually explored by humans.® A dis-
cipline of design studies arose, with dedicated conferences, jour-
nals, and many studies.

With so much careful study and systematic treatment already
done, why another book?

_________ |First, the design process has evolved very rapidly since
| World War 1II, and the set of changes has rarely been discussed.

Team design is increasingly the norm for complex artifacts. Teams
are often geographically dispersed. Designers are increasingly
divorced from both use and implementation—typically they no
longer can build with their own hands the things they design. All
kinds of designs are now captured in computer models instead of
drawings. Formal design processes are increasingly taught, and
they are often mandated by employers.

Second, much mystery remains. The gaps in our understand-
ing become evident when we try to teach students how to design
well. Nigel Cross, a pioneer in design research, traces four stages
in the evolution of design process studies:

1. Prescription of an ideal design process

2. Description of the intrinsic nature of design problems
3. Observation of the reality of design activity

4. Reflection on the fundamental concepts of design®

I have designed in five media across six decades: computer
 architecture, software, houses, books, and organizations. In each
I have had some roles as principal designer and some roles as
collaborator in a team.” I have long been interested in the design
process; my 1956 dissertation was “The analytic design of auto-
matic data processing systems.”® Perhaps now is the time for
mature reflection.

What Kind of Book?

I am struck by how alike these processes have been! The mental
processes, the human interactions, the iterations, the constraints,
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the labor—all have a great similarity These essays reflect on what

| Whereas computer architecture and software architecture§
i each have short histories and modest reflections about theu:;
‘de51gn processes, building architecture and mechanical design |
/have long and honorable traditions. In these fields design theo—i
, ries and design theorists abound. - {

I am a professional designer in those fields that have had
only modest reflection, and an amateur designer in some long
and deep fields. So I shall attempt to extract some lessons from
the older design theories and to apply them to computers and
software.

I'believe “a science of design” to be an impossible and indeed
misleading goal. This liberating skepticism gives license to speak
from intuition and experience—including the experience of other
designers who have graciously shared their insights with me.’

Thus I offer neither a text nor a monograph with a coher-
ent argument, but a few opinionated essays. Even though I have
tried to furnish helpful references and notes that explore intrigu-
ing side alleys, I recommend that one read each essay through,
ignoring the notes and references, and then perhaps go back and
explore the byways. So I have sequestered them at the end of
| each chapter.

Some case studies provide concrete examples to which the
essays can refer. These are chosen not because of their importance,
but because they sketch some of the experience base from which
I conclude and opine. I have favored especially those about the
functional design of houses—designers in any medium can relate
to them.

I'have done functional (detailed floor plan, lighting, electrical,
and plumbing) design for three house projects as principal archi-
tect. Comparing and contrasting that process with the process of
designing complex computer hardware and software has helped
me postulate “essentials” of the design process, so I use these as
some of my cases, describing those processes in some detail.

In retrospect, many of the case studies have a striking com-
mon attribute: the boldest design decisions, whoever made them, have
accounted for a high fraction of the goodness of the outcome. These
bold decisions were made due sometimes to vision, sometimes to




desperation. They were always gambles, requiring extra invest-
ment in hopes of getting a much better result.

Acknowledgments

I have borrowed my title from a work of a generation ago by
Gordon Glegg, an ingenious ‘mechanical designer, a charming
person, and a spellbinding Cambridge lecturer. It was my privi-
lege to lunch with him in 1975 and to catch some of his passion
for design. His title perfectly captures what I am attempting, so I
reuse it with gratitude and respect.®

I appreciate the encouragement of Ivan Sutherland, who
in 1997 suggested that I grow a lecture into a book and who
more than a decade later sharply critiqued the draft, to its great
improvement. My resulting intellectual journey has been very
rewarding.

This work has been possible only because of three research
leaves granted by UNC-Chapel Hill and my department chairmen,
Stephen Weiss and Jan Prins. I was most graciously welcomed by
Peter Robinson at Cambridge, Mel Slater at University College
London, their department chairmen, and their colleagues.

The NSF Computer and Information Science and Engineer-
ing Directorate’s Science of Design program, initiated by Assis-
tant Director Peter A. Freeman, provided a most helpful grant
for the completion of this book and the preparation of the associ-
ated Web site. That funding has enabled me to interview many
designers and to concentrate my principal efforts for the past few
years on these essays. ,

I am deeply indebted to the many real designers who have
shared their insights with me. An acknowledgments table list-
ing interviewees and referees is an end piece. Several books
have been especially informative and influential; I list them in
Chapter 28, “Recommended Reading.”

My wife, Nancy, co-designer of some of the work herein, has
been a constant source of support and encouragement, as have my
children, Kenneth P. Brooks, Roger E. Brooks, and Barbara B. La
Dine. Roger did an exceptional review of the manuscript, provid-
ing dozens of suggestions per chapter, from concepts to commas.



I've been blessed by strong administrative support at UNC
from Timothy Quigg, Whitney Vaughan, Darlene Freedman,
Audrey Rabelais, and David Lines. Peter Gordon, Publishing
Partner at Addison-Wesley, has provided unusual encouragement.
Julie Nahil, Full-Service Production Manager at Addison-Wesley,
and Barbara Wood, Copy Editor, have provided exceptional pro-
fessional skills and patience.

John H. Van Vleck, Nobel-laureate physicist, was Dean of
Harvard’s Division of Engineering and Applied Science when I
was a graduate student there, in Aiken’s lab. Van Vleck was very
concerned that the practice of engineering be put on a firmer
scientific basis. He led a vigorous shift of American engineering
education away from design toward applied science. The pendu-
lum swung too far; reaction set in; and the teaching of design has
been contentious ever since. I am grateful that three of my Har-
vard teachers never lost sight of the importance of design and
taught it: Philippe E. Le Corbeiller, Harry R. Mimno, and How-
ard H. Aiken, my adviser.

Thanks and praise to The Great Designer, who gracmusly
grants us the means, the daily sustaining, and the joys of
subcreation.

Chapel Hill, NC
November 2009

'
Endnotes

1. The caption for the book cover is based on Smethurst [1967], The
Pictorial History of Salisbury Cathedral, who adds, “... Salisbury
is thus the only English cathedral, except St. Paul’s, of which the
whole interior structure was built to the design of one man [or one
two-person team] and completed without a break.”

2. Tolkien [1964], “On Fairy Stoties,” in Tree and Leaf, 54.
3. Psalm 50:10,12. Emphasis added.

4. Pahl and Beitz [1984], in Section 1.2.2, trace this history, starting in
1928. Their own book, Konstructionslehre, through seven editions, is
perhaps the most important systematization. I distinguish study of
the design process from rules for design in any particular medium.
These are millennia older.
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. The major monograph, tremendously influential, was Herbert
Simon’s The Sciences of the Artificial [1969, 1981, 1996].

bop

. Cross [1983], Developments in Design Methodology, x.

~3

. A table of the specific design experiences is included in the
appendix materials on the Web site:
http:/ /www.cs.unc.edu/ ~brooks/ DesignofDesign.

o

o

. Brooks [1956], “The analytic design of automatic data processing
systems,” PhD dissertation, Harvard University.

9. 1 thus do not contribute to the design methodologists’ goal as
stated in http:/ /en.wikipedia.org/wiki/ Design_methods (accessed
on January 5, 2010):

The challenge is to transform individual experiences, frameworks and
perspectives into a shared, understandable, and, most importantly, a
transmittable area of knowledge. Victor Margolin states three reasons
why this will prove difficult, {one of which is]:

... Individual explorations of design discourse focus too much
on individual narratives, leading to personal point-of-view
rather than a critical mass of shared values.’

To this I must plead, “Guilty as charged.”
10. Glegg [1969], The Design of Design.
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