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‘ To find the silver lining in Yourdon’s bleak scenario,
Jackson suggests two things: Specialize, and stop \

accepting buggy software.
[ [ [

Will There Ever Be
Software Engineering?

Michael Jackson

n his opening essay, Ed Yourdon forecasts both a happy and an unhappy

I future. His bright future promises challenging projects, exciting tech-

nologies,innovative applications,giant salaries,and lucrative stock op-

tions.His gloomy future warns of US federal and state government de-

partments unable to solve their Year 2000 problem, a business revolt against

expensive and troublesome software that delivers no apparent economic benefits,

and a consequent drying up of money to buy new releases of COTS software or to

finance new software development. The good news and the bad news are essen-

tially commercial. But the dark cloud of Yourdon's bad future offers a silver lining: if

it comes to pass, there might be demands for certification and licensing of software

professionals and for a formal approach to software development. In a word, we
might be expected to become serious software engineers.

We won't, of course. Yourdon is confident that we have learned a lot about soft-
ware processes, methods,and techniques; he says that we have a vast body of know!-
edge in requirements, risk management, metrics, testing, and quality assurance in-
corporated into the SEI Capability Maturity Model. So that's all right, then.We don't
really need software engineering in the narrow academic sense.
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He quotes Gerry Weinberg with approval:“There
are only three problems in developing software: peo-
ple, people, and people.” Then he tells us that he
wasted six hours struggling with fatal system freezes
on his Macintosh Powerbook running 0S8 and
Microsoft Word 6.0.1; before that, his PC running
Microsoft Office97 was even more problematic. The
people, people, and people involved here seem to be
Microsoft, Apple,and Ed. But his tale is not intended as
a criticism of Microsoft or Apple. | don't understand
why, unless perhaps he thinks the fault is his own.

But do these errors really matter anyway? Yourdon
says he is a busy professional whose time is relatively
expensive and valuable. He can’t afford to have that
kind of experience very often. Later,on the other hand,
he cites a more optimistic view: “That's the price of
progress.You're bound to have some rough edges with
new, innovative applications...” And | agree that word
processing is not exactly a safety-critical application.
Just look over the output and try again if it’s not right.
If you crash, reboot. If that doesn’t work, go back to an
earlier release of the operating system.Errors don't mat-
ter that much, so long as they don't happen too often.

ERRORS MATTER

But errors surely do matter.First, the world of com-
puter-based systems is becoming ever more inter-
connected and interdependent. One of the more star-
tling entries in Peter Neumann’s monthly Risks column
in ACM Software Engineering Notes reads: “WordPerfect
upgrade crashes Utah phone system.” That sounds
very much like a result of the exciting technology and
innovative applications that Yourdon’s bright future
holds. What will happen when we developers really
start reveling in his“opportunities to create platform-
independent, user-friendly, functionally sophisticated
Web applications in Java™?

Second, this ready interconnection of systems
reflects the concept of a single software industry
with shared basic assumptions. The idea that soft-
ware must always be full of errors, that shipping
buggy code in time for Comdex is better than ship-
ping no code at all, that a rich feature set is ample
compensation for an even richer set of errors and
design defects—these ideas come to infect most,
if not all, of the software development world. Bill
Gates’ $40 billion fortune says these are the ideas
that bring success.

This intentional sloppiness is the very antithesis of
the idea of software engineering.Thirty years ago the
organizers of the famous NATO conferences chose the
title “software engineering”as a conscious provoca-
tion.They expressed an aspiration to which we all pay
lip service today.In 1968 it was novel. Four years later,
Edsger Dijkstra expressed a closely related vision in his
1972 Turing Award lecture:

The vision is that, well before the seventies have run to
completion,we shall be able to design and implement
the kind of systems that are now straining our program-
ming ability at the expense of only a few percentin
man-years of what they cost us now, and that besides
that, these systems will be virtually free of bugs.

FAR FROM THE VISION

But the aspiration and vision are still just that.
Software remains bug infested, and its development
is still as far from becoming an established branch of
engineering as it was in 1968. Recently David Parnas
explained in Communications of the ACM why he thinks
that software engineering is an“unconsummated mar-
riage.” He focuses his complaint on the failure to dis-
tinguish computer science from software develop-
ment.Engineering is using science and mathematics to
build products for other people to use. Software engi-
neers should not themselves be computer scientists,
but must command a core body of knowledge derived
from computer science, wedding
this knowledge to the concepts
and disciplines taught to other en-
gineers.The vital need is to identify
the core body of knowledge. Then
software engineering can be rec-
ognized as a new branch of pro-
fessional engineering, with the at-
tendant regulation and licensing to
guarantee the minimum standards
of professional competence that our customers are
surely entitled to expect.

The argument sounds convincing. Like auto,chem-
ical, and aeronautical engineers, software developers
build machines.A program is a description of amachine:
a general-purpose computer accepts the description
and, by executing it, becomes the machine described.
As software engineers we are not concerned with build-
ing the computer hardware; but we are full partners
with the hardware engineers in responsibility for the re-
sulting machine and its fitness for its stated purpose.

Some famous software failures, such as the control
software for the Therac-25 radiotherapy equipment
that killed several patients,* can be traced directly to
the software developer’s ignorance of standard results
of computer science that would certainly be in Parnas’
recommended core body of knowledge. Failures in
safety-critical systems for medical equipment, nuclear
power plants, cars, or planes attract plenty of atten-
tion. Major failures also occur in tax systems, informa-
tion systems, telephone switching, payroll programs,
banking systems, electoral systems—and of course in
systems of the kind that wasted Yourdon’s expensive
time, in the office world of word processing, spread-
sheets,and e-mail systems.

Intentional
sloppiness is the
very antithesis
of software
engineering.
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WHAT ARE WE WAITING FOR?

Why is Yourdon’s time-wasting experience still typ-
ical? The computer scientists have a rich body of
knowledge; general concepts and principles of engi-
neering have been developed over nearly three cen-
turies. Why, then, has the marriage between software
and engineering not yet been consummated?

No payoff for companies

One obstacle, undoubtedly, is the entrenched in-
terest of dominant software companies. Their domi-
nation, and its continuance, depend on an ever-
accelerating provision of new products and new—and
preferably incompatible—versions of old products.
The purchase of “upgrades”—often a euphemism for
what in a more innocent age were called “bug-fixing

There is no do-it-yourself kit for
building suspension bridges.
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releases’—is a central component of theirincome. Car
manufacturers can rely on physical degradation of
their cars to encourage owners to buy new ones every
three to seven years. Software manufacturers are more
ambitious. They aim at a replacement cycle of one or
two years, and must rely partly on the errors and de-
fects of today'’s version to persuade many of its own-
ers—the early adopters—to buy tomorrow’s. They rely
also on the stranglehold of the de facto standard.
Tomorrow's version will use an internal format that is
incompatible with today’s: to read the files e-mailed to
you, you must certainly buy tomorrow’s version—
rather as if last year’s telephones were unable to re-
ceive calls from this year’s. In this way the early
adopters drag other users along with them. In such a
hectic commercial environment, sound engineering
has little payoff. That's convenient, of course: the rush
to market leaves too little time for sound engineering.

No payoff for practitioners

Another obstacle is the entrenched interest of prac-
ticing software developers. Most—like me—have no
computer science degree. Like the old barber surgeons,
we are naturally unenthusiastic for a change that might
take away our livelihoods. Nor, for the most part, are we
convinced that Parnas’core body of knowledge is essen-
tial to our work. A major structured methods company
once advertised one of its methods seminars like this:

Building workable software systemsis not a ‘science.’
So-called computer scientists try to convince us that our
systems are really directed graphs or n-tuples of nor-
malized forms or finite state automata—their pro-
nouncements are more relevant to Zen than to the
no-nonsense business of building useful,maintainable
programs and systems. They have no answers to real-
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life problems like users who change their minds or
requirements that are in a constant state of flux.

The advertisement struck a chord in the breasts of
many working developers. It pulled in over 5,000 reg-
istrations for the seminar (which, incidentally,was billed
as a seminar in software engineering). These software
developers, like all practitioners of a craft, trade, or pro-
fession, value their practical know-how above the more
abstract explicit science of theoreticians. The name of
software engineering is attractive—the reality is not.

Layers of complexity

Another obstacle is presented by the ever-increas-
ing complexity of the computing environment, often
greatly aggravated by the need to incorporate legacy
systems from several preceding generations. Many
companies today are struggling with a multitude of
programming and scripting languages, with database,
communications, and operating systems, with COTS
packages, terminal emulations, and Web interfaces.
The crucial knowledge needed to keep this alphabet
soup of software in working order is that of the messy
and poorly documented details of the particular in-
gredients, not knowledge of the core computer sci-
ence curriculum.The Year 2000 problem illustrates the
point perfectly: for many companies the crucial skills
today are knowledge of Cobol, CICS, and even IMS.
Concurrency,data structures, invariants,and automata
theory place a distant second.

Even if there were a general determination to im-
prove the practice of software development, it is not
clear where the improvement should be directed.The
practice of software development forms a continuum
from the most trivial amateur work to the most de-
manding professional project, from writing the sim-
plest Word or Excel macro to designing and con-
structing an avionics in-flight system. Where in this
continuum does the putative discipline of software
engineering become necessary? The choice is not sim-
ple.Nor isit static: today’s trivial Excel macro becomes
tomorrow’s library of coordinated macros, which in
turn will later become a component in a large inter-
connected system on which the business eventually
comes to depend. But surely we cannot sensibly de-
mand that every writer of an Excel macro be a qualified
software engineer? This continuum is scarcely present
in established engineering disciplines. A makeshift hut
cannot be elaborated into a skyscraper;there is no do-
it-yourself kit for building suspension bridges; there
are no home-brew nuclear power stations.

SO LITTLE IN COMMON
The difficulty of the continuum of software devel-

opment is merely a special case of a more fundamen-
tal obstacle to the establishment of a discipline of soft-



ware engineering.Software products and projects are
so varied that no single intelligible discipline could
possibly embrace them all. What is common to an op-
erating system, the software for a telecommunications
switch, a trading floor system, a car braking system, a
compiler,and an air traffic control system? Very little
indeed.They differ radically in every important respect:
their operational environments, economic and tech-
nical goals, underlying technologies, critical risk fac-
tors, product life cycles; the problems they solve, the
technical challenges they pose, the design techniques
they demand. The common body of knowledge lies
deep below their surfaces.They have no more in com-
mon than a power generating station has with a plane.

In his characterization of software engineering,
Parnas has omitted an essential ingredient. There s in-
deed a core body of knowledge derived from com-
puter science,and there are general concepts and prin-
ciples of engineering.But sandwiched between them
is a much thicker layer of knowledge specialized to
particular product groups. This is not knowledge of a
particular application system’s details. It is knowledge
analogous to that which a bridge engineer has of
different bridge structures, or a naval engineer has of
different ship architectures. Bridge engineers don't
design ships, because they don’t have the appropri-
ate specialized knowledge. In the early 19th century
it was possible for a great engineer to design both
bridges and ships. Now it is no longer possible; in-
creasing knowledge has created two distinct, special-
ized branches of engineering.

A similar specialization has already happened in
certain fields of software development. Compiler writ-
ing and operating-system development are two obvi-
ous specializations. Enough is known about each for
both to have largely split off from the main body of
software development: each has its own body of prac-
tical knowledge, its own core selection of knowledge
derived from computer science, its own university
courses,its own literature,and its own conferences. The
same is true of database systems and switching sys-
tems.And the emerging work on frameworks and do-
main-specific software architectures will encourage
the growth of further specializations.

So even if software engineering does not yet exist,
at least compiler engineering, operating systems en-
gineering,and database systems engineering do—or
soon will. But there will never be software engineer-
ing. As these specializations flourish they leave soft-
ware engineering behind. It becomes only the residue
of problems we do not yet know how to solve, of prod-
ucts we do not yet know how to design and build—
not the most promising definition for a new engi-
neering discipline. Every successful area of software
engineering immediately leaves home to set up its
own independent specialization, depriving the forlorn
parent of the credit for its success. A professor of soft-
ware engineering must, by definition, be a professor

of unsolved problems. We have persisted too long in
theillusion that there can be universal methods to de-
velop software, equally useful for designing a word
processor and an avionics system. Promoters of soft-
ware development methods don't offer compiler de-
signs as worked examples: wisely, they stick to prob-
lems for which there is no well-understood solution.
Gloomy as it is for the prospect of a general disci-
pline of software engineering, this conclusion is hardly
surprising. The counterpart of software engineering in
the established engineering branches would not be
chemical or electrical or aeronautical engineering. It
would be a mythical discipline that we might call
“physical engineering.” There is no such discipline.

he way forward lies in specialization.We software

developers must specialize by requirement and
product, just as established engineers do.We must re-
fine our products over several generations, applying
the relevant parts of Parnas’ core body of knowledge
in our specialized areas,and demanding additions to
that body of knowledge as particular problems come
into better focus.We must recognize the importance
of other disciplines for our projects, but not let those
other disciplines dilute or dissipate our concentration
on our own branch of engineering. For instance, a soft-
ware development project may involve law, ethnog-
raphy, or sociology. When it does, the software devel-
opers must join a multidisciplinary group with
lawyers, ethnographers, or sociologists. But they must
not think that law, ethnography, and sociology are
part of their engineering discipline. If you want to un-
derstand anything, you must not try to understand
everything. Someone must mind the shop.

This specialization is vitally necessary, but will not
succeed unless these specialized disciplines are prop-
erly rewarded. And they will not be rewarded while we
continue to accept needlessly complicated and buggy
software. Perhaps in Yourdon’s sad tale of problems
with his Microsoft and Apple systems, the software
producers were not the only people to blame. In the
end, we will get the software we deserve. 0
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