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Dating from the first international conference on the topicin
October 1968, software engineering just turned thirty-five. It has all
the hallmarks of an established discipline: societies (or sub-
societies), journals, textbooks and curricula, even research
ingtitutes. It would seem ready to have a history. Yet, a closer ook
at the field raises the question of just what the subject of the history
would be. It isnot hard to find definitions. A leading practitioner
spoke of it in 1989 as "the disciplined application of engineering,
scientific, and mathematical principles and methods to the
economical production of quality software."(1) But it is also not
hard to find doubts about whether its current practice meets those
criteriaand, indeed, whether it is an engineering discipline at all. A
colleague of the practitioner just quoted declared at about the same
time (1990): " Software engineering is not yet a true engineering
discipline, but it has the potential to become one."(2) From the
outset, software engineering conferences have routinely begun with
a keynote address that asks "Are we there yet?" and proposes yet
another specification of just where "where" might be.(3)

Since the field has been a moving target for its own practitioners,
historians may understandably have trouble knowing just where to
aim their attention. What is a history of software engineering
about? Isit about the engineering of software? If so, by what
criteriaor model of engineering? Isit engineering as applied
science? If so, what science is being applied and what isits history?
Isit about engineering as project management? Is it engineering by
analogy to one of the established fields of engineering? If so, which
fields, and what are the terms of the analogy? Of what history
would the history of software engineering be a part, that is, in what
larger historical context does it most appropriately fit? Isit part of
the history of engineering? The history of business and
management? The history of the professions and of
professionalization? The history of the disciplines and their
formation? If several or all of these are appropriate, then what
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aspects of the history of software engineering fit where?

Alternatively, to put the question in another light, isthe historical
subject more accurately described as " software engineering” with
the inverted commas as an essential part of thetitle? As noted
above, what seems clear from the literature of the field from its
very inception, reinforced by addresses, panels, articles and letters
to the editor that continue to appear regularly, isthat its
practitioners do not agree on what software engineering is,
although most of them freely confess that, whatever it is, it is not
(yet) an engineering discipline. Historians have no stake in the
outcome of that question. They can just as readily write a history of
"software engineering” viewed as the continuing effort of various
groups of people engaged in the production of software to establish
thelr practice as an engineering discipline. The question of interest
to historians would then be how "software engineers' have gone
about that task of self-definition. In large part, addressing that
guestion comes down to observing and analyzing the answers
practitioners have offered to the questions just posed above. That
is, rather than positing a consensus among practitioners concerning
the nature of software engineering, historians can follow the efforts
to achieve a consensus. Taking that approach would place the
subject firmly in the comparative context of the history of
professionalization and the formation of new disciplines.(4)

For this reason, it may help to think of historians and practitioners
as engaged in acommon pursuit. They are both looking for a
history for software engineering, though not for the same purpose
and not from the same standpoint. Hence, the title above is meant
to be ambiguous. In one sensg, it describes historians trying to
determine just what the subject of their inquiry might be and then
deciding how to write its history.(5) In another sense, it describes
efforts by practitioners to define or to characterize software
engineering. Quite often those efforts amount to finding a history,
that is, to seeking to identify the current development of software
engineering with the historical development of one of the
established engineering disciplines or indeed of engineering itself.
(6) Using history in thisway hasits real dangers; the initial
conditions cannot by their nature be exactly repeated. Nonethel ess,
itisat the very least essentia both that one have the right history
and that one have the history right, not least because what passes
for history often amounts to common wisdom, folklore or local
myth.(7) Here historians may offer some assistance to the software
engineers. While we may not be able to tell them whether they
have the right history, we can in many cases tell them what history
they have chosen and whether they have got it right.

Ultimately, every definition of software engineering presupposes
some historical model. For example, take the oft-quoted passage

http://www.princeton.edu/~mike/articles/finding/finding.html

Page 2 of 18

(4) See, for example, A.D. Abbott, Th
Professions: An Essay on the Divisior

Labor , University of Chicago Press, :

(5) For arecent discussions of the que
History of Software Engineering (Reg
Dagstuhl Seminar No. 9635, ed. W. A
Keil-Slawik, and D. Parnas, Dagstuhl,
available online at
http://www.dagstuhl .de/9635/Report/)
Tomayko, "Software as Engineering"
commentaries by A. Endres and B.E.
of Computing: Software Issues, U. Ha
Keil-Slawik, and A. Norberg, eds., Sp
2002.

(6) Mary Shaw of Carnegie Mellon Ui
the Software Engineering Institute toa
approach explicitly in "Prospects for &

2004-10-24



Finding a History for Software Engineering

from the introduction to the proceedings of the first Software
Engineering Conference, convened by the NATO Science
Committee in 1968:

The phrase 'software engineering' was deliberately
chosen as being provocative, in implying the need for
software manufacture to be based on the types of
theoretical foundations and practical disciplines that
aretraditional in the established branches of
engineering.(8)

The phrase indeed turned out to be provocative, if only because it
left al the crucial terms undefined. What does it mean to
"manufacture” software? Isthat agoal or a current practice? What,
precisely, are the "theoretical foundations and practical disciplines’
that underpin the "established branches of engineering”? What
roles did they play in the formation of the engineering disciplines?
Isthe story the same in each case? The reference to "traditional”
makes the answer to that question a matter of history. Itisa
question of how the fields of engineering took their present form. It
isasearch for historical precedents, or what we have come to refer
to as"roots’.

Or rather, it isamatter of what | call "agendas' The agendaof a
field consists of what its practitioners agree ought to be done, a
consensus concerning the problems of the field, their order of
importance or priority, the means of solving them (the tools of the
trade), and perhaps most importantly, what constitutes a solution.
Becoming a recognized practitioner means learning the agenda and
then helping to carry it out. Knowing what questionsto ask isthe
mark of afull-fledged practitioner, asis the capacity to distinguish
between trivial and profound problems; "profound” means moving
the agenda forward. One acquires standing in the field by solving
the problems with high priority, and especially by doing soina
way that extends or reshapes the agenda, or by posing profound
problems. The standing of the field may be measured by its
capacity to set its own agenda. New disciplines emerge by
acquiring that autonomy -2 Conflicts within a discipline often
come down to disagreements over the agenda: what are the really
important problems?

A new science means a new agenda, and tracing the emergence of a
new science means showing how a group of practitioners coalesces
around a common agenda different from other agendas in which
they have been engaged. Each of those other agendas reflects a
history, and so the members of the group bring to their new agenda
avariety of histories. Some, or perhaps even much, of the
disagreement among the participantsin the first two NATO
conferences, especially the second, rested on the different histories
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they brought to the gatherings. None of them was a software
engineer, for thefield did not exist. Rather, people came from quite
varied professional and disciplinary traditions, each of which had
its own history, in many cases a mythic history.(10) Three of these
in particular have directed the practitioners search for historical
guidance: applied science, mechanica engineering, and industrial
engineering and management. What followsis abrief look at how
the histories have been invoked and how they have been
understood.

Models of engineering: Historical
Precedents

Applied Science

To some, in particular many of the European participants,
engineering was essentially applied science, and the science in
guestion here was mathematics.(11) What was needed, then, was
firm grounding in theoretical, i.e. mathematical, computer science.
The historical model seemed clear. Indeed, it had been set forth
explicitly almost ten years earlier, albeit in another context, by John
McCarthy, the creator of LISP and co-founder of artificial
intelligence. Looking "Towards a mathematical theory of
computation” at IFIP 1962, he had reached for afamiliar
touchstone:

In amathematical science, it is possible to deduce from
the basic assumptions, the important properties of the
entities treated by the science. Thus, from Newton's
law of gravitation and his laws of motion, one can
deduce that the planetary orbits obey Kepler's laws.
(12)

As McCarthy and his audience well knew, one can also deduce the
laws of the motion of terrestrial bodies and all the mechanics that
derives from them. He extended the model at the conclusion of his
1963 article, "A Basisfor a Mathematical Theory of Computation”,
by reference to later successes in mathematical physics:

It is reasonable to hope that the relationship between
computation and mathematical logic will be as fruitful
in the next century as that between analysis and
physicsin the last. The development of this
relationship demands a concern for both applications
and mathematical elegance.(13)

The applications of mathematics to physics had produced more
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than new theories. The mathematical theories of thermodynamics
and electricity and magnetism had informed the development of
heat engines, of dynamos and motors, of telegraphy and radio.
Those theories formed the scientific basis of engineering in those
fields.

The twentieth century had a new science, McCarthy believed, and
it too had implications beyond just theory. "Computation is sure to
become one of the most important of the sciences," he began,

Thisis becauseit is the science of how machines can
be made to carry out intellectual processes. We know
that any intellectual process that can be carried out
mechanically can be performed by a general purpose
digital computer. Moreover, the limitations on what we
have been able to make computers do so far clearly
come far more from our weakness as programmers
than from the intrinsic limitations of the machines. We
hope that these limitations can be greatly reduced by
devel oping a mathematical science of computation.
(14)

The ultimate object of computer science was working programs,
argued McCarthy, and a suitable theory of computation would
provide: first, auniversal programming language along the lines of
Algol but with richer data descriptions; second, a theory of the
equivalence of computational processes, by which equivalence-
preserving transformations would alow a choice of among various
forms of an algorithm, adapted to particular circumstances; third, a
form of symbolic representation of algorithms that could
accommodate significant changes in behavior by simple changesin
the symbolic expressions; fourth, aformal way of representing
computers along with computation; and finally a quantitative
theory of computation along the lines of Claude Shannon's measure
of information.(15) Note that asthislist progresses, it sounds more
and more like
engineering, and
McCarthy's agenda (and
its history) continued to
echo in the software-

- engineering literature. In
arguing in 1984 that "[p]
rofessional programming
practice should be based
on underlying
mathematical theories and
follow the traditions of
better-established
engineering disciplines,”

Programming:
Sorcery or Science?
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C.A.R. Hoare highlighted in a sidebar M cCarthy's comparison of
physics and mathematical logic quoted above. (16)

Over the decade of the '60s theoretical computer science achieved
standing as a discipline recognized by both the mathematical and
the computing communities, and it could point to both applications
and mathematical elegance.(17) Yet, it took the form more of a
family of loosely related research agendas than of a coherent
genera theory validated by empirical results. No one mathematical
model had proved adequate to the diversity of computing, and the
different models were not related in any effective way. What
mathematics one used depended on what questions one was asking,
and for some questions no mathematics could account in theory for
what computing was accomplishing in practice. It was afar cry
from Newton's mechanics, much less the mathematical physics of
the nineteenth century, and it remains so.

In adiscussion on the last day of the second NATO Conference on
Software Engineering held in Rome in October 1969, Christopher
Strachey, Director of the Programming Research Group at Oxford
University and aleading figure in the devel opment of formal
semantics, lamented that "one of the difficulties about computing
science at the moment isthat it can't demonstrate any of the things
that it hasin mind; it can't demonstrate to the software engineering
people on a sufficiently large scale that what it isdoing is of
interest or importance to them."(18) About a decade later, a
committee in the United States reviewing the state of art in
theoretical computer science echoed his diagnosis, noting the still
limited application of theory to practice.(19) By the mid-'70s,
moreover, it seemed clear to some that, even if existing theory had
practical application, it would not quite meet the needs of software
engineering. In a 1976 article, Barry Boehm of TRW proposed that
software engineering be defined as "the practical application of
scientific knowledge in the design and construction of computer
programs and the associated documentation required to develop,
operate, and maintain them." Boehm identified the salient terms as
"design”, "software maintenance”, and "scientific knowledge" and
took stock of what was known in each area.(20)

Thefirst two terms he addressed by reference to what by then was
becoming the standard model of the "software life cycle’, a
sequence that took a project from the requirements to an operating
program by way of specification, design, coding, and testing. What
he saw as current practice reinforced the concerns of the crisis. In
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particular, requirements analysis was informal at best, and software
design was "still almost completely a manual process ... [with]
relatively little effort devoted to design validation and risk
analysis'. Yet, as he had shown in anow classic articlein 1973, the
bulk of the errorsin software were made during the design phase.
(21)

Most significantly for present purposes, he al'so concluded that little
of current computer science was relevant to the problems of
software engineering:

Those scientific principles available to support
software engineering address problemsin an areawe
shall call Area 1: detailed design and coding of
systems software by experts in arelatively economics-
independent context. Unfortunately, the most pressing
software development problems are in an areawe shall
call Area 2: requirements analysis design, text, and
maintenance of applications software by technicians in
an economics-driven context.(22)

However successful the experimental systems and theoretical
advances produced in the laboratory, especially the academic
laboratory, they did not take account of the challenges and
constraints of "industrial -strength” software in a competitive
market. As Fritz Bauer, the organizer of the first NATO
conference, had put it at IFIP 71, those problems made software
engineering "the part of computer science that istoo difficult for
the computer scientists".(23)

Mechanical Engineering

If not applied science, then what? Others at the NATO conference
had proposed models of engineering that emphasized anal ogies of
practice rather than theory. Perhaps the most famous of these was
M.D. Mcllroy's evocation of the machine-building origins of
mechanical engineering and the system of mass production by
interchangeable parts that grew out of them. Seeing software sitting
somewhere on the other side of the Industrial Revolution, he
proposed to vault it into the modern era.

We undoubtedly produce software by backward
techniques. We undoubtedly get the short end of the
stick in confrontations with hardware people because
they are the industrialists and we are the crofters.
Software production today appears in the scale of
industrialization somewhere below the more backward
construction industries. | think its proper placeis
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considerably higher, and would like to investigate the
prospects for mass-production techniques in software.

He left no doubt of whose lead to follow. He continued:

In the phrase 'mass production techniques, my
emphasis is on 'techniques and not on mass production
plain. Of course mass production, in the sense of
limitless replication of prototype, istrivial for
software. But certain ideas from industrial technique |
claim are relevant. The idea of subassemblies carries
over directly and iswell exploited. The idea of
interchangeabl e parts corresponds roughly to our term
'modularity’, and is fitfully respected. The idea of
machine tools has an analogue in assembly programs
and compilers. Yet thisfragile analogy is belied when
we seek for analogues of other tangible symbols of
mass production. There do not exist manufacturers of
standard parts, much less catalogues of standard parts.
One may not order parts to individual specifications or
Size, ruggedness, speed, capacity, precision or
character set.(24)

As studies of the American machine-tool industry during the 19th
and early 20th century have shown, Mcllroy could hardly have
chosen amore potent model (he has alongstanding interest in the
history of technology). Between roughly 1820 and 1880,
developments in machine-tool technology had increased routine
shop precision from .01" to .0001". Moreimportantly, in a process
2\ F N characterized
by the
economist
Nathan
Rosenberg as
"convergence”,
machine-tool
manufacturers
learned how to
transate new
techniques
developed for
specific
customers into
generic tools of
their own.(25)
So, for example, the need to machine bits for drilling sma.ll holes
percussion locks led to the development of the vertical turret lathe,
which in turn lent itself to the production of screws and small
precision parts, which in turn led to the automatic turret lathe.
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Indeed, it was precisely the automatic screw-cutting machine that
Mcllroy had in mind.(26)

As Mcllroy noted, he was giving sharper, historically grounded
form to an idea that had already begun to take shape. In an
Advanced Course in Software Engineering that took place at
Munich's Technical University in 1972, Jack B. Dennis of MIT's
Project MAC lectured on "Modularity”, pointing as example to
standardized floor tiles (19" square "modules") which fill any size
or shape of floor area "with just a bit of trimming at the boundary",
while allowing great variety through different colors and textures
of modules.

In modular software, clearly the "standardized units or
dimensions" should be standards such that software
modules meeting the standards may be conveniently

fitted together (without "trimming") to realize large (27) Jeck B. Dennis, “Modularity”, in

Advanced Cour se on Software Engine

software systems. The reference to "variety of use' 3.A; at p. 128,
should mean that the range of module types available

should be sufficient for the construction of a usefully

large class of programs.(27)

(28) Brad J. Cox, "Planning the Softw
Revolution", |EEE Software vol. 7, nc
1990.

(29) |IEEE Softwareval. 1, no. 3, July
45.

software engineering. During the "70s it directed attention beyond

the development of libraries of subroutines to the notion of (30) Both Wegner and Jones have tolc
"reusable" programs across systems, and in the '80s it underlay the  editors, not they, chose the picturesin
growing emphasis on object-oriented programming asthe meansof ~ Thus, the analogy was widely shared i
achieving such reusability on abroad scale. It is essentially what community.

Brad Cox was looking for around 1990 as the basis for software's

"industrial revolution".(28) More generally, the analogy with

machine-building and the metaphorical language of machine-based

production became a continuing theme of software engineering,

often illustrated by pictures of automobile assembly lines, asin the

case of Peter Wegner's four-part article in |EEE Software in 1984

on "Capital -Intensive Software Technology".(29) The cover of that

issue bore a photograph of a Ford assembly line in the '30s, and a
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picture of the same line in the early '50s adorned Gregory W.
Jones's Software Engineering (Wiley, 1990).(30)

I ndustrial Engineering

As the move from machine tools to the assembly line suggests,
Mcllroy's model of mechanical engineering was closely akin to
F.L. Bauer's proposal at IFIP 71 that "software design and
production [be viewed] as an industrial engineering field".

For the time being, we have to work under the existing
conditions, and the work has to be done with
programmers who are not likely to be re-educated. It is
therefore all the more important to use organizational
and managerial tools that are appropriate to the task.
(31)

(31) F. L. Bauer, "Software Engineeri

On that model the problems of large software projects came down
to the "division of the task into manageable parts', its "division into
distinct stages of development”, "computerized surveillance”, and
"management”. Each of these tasks posed significant problems, and
Bauer had specific suggestions to make only with regard to the
third: computerized surveillance consisted of:

Automatic updating and quality control of documentation,
Selective dissemination of information to all project staff,
Surveillance of deadline plans,

Collection of data for ssimulation studies,

Collection of datafor quality control,

Automatic production of manuals and maintenance material.

"Itisclear,"” he noted, "that a house well equipped with programs
and an underlying philosophy for doing these things, can be (32) Ibid., 533.
regarded as a modern software plant.”(32)

Bauer's ideawas not new. In a"Position Paper for [the] Panel
Discussion [on] the Economics of Program Production” at |FIP 68,
also presented in substance at the NATO conference, R.W. Bemer
of GE had suggested that what software managers lacked was a
proper environment:

It appears that we have few specific environments
(factory facilities) for the economical production of
programs. | contend that the production costs are
affected far more adversely by the absence of such an
environment than by the absence of any toolsin the
environment (e.g. writing aprogram in PL/1isusing a
tool.)
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A factory supplies power, work space, shipping and receiving,
labor distribution, and financial controls, etc. Thus a software
factory should be a programming environment residing upon and
controlled by a computer. Program construction, checkout and
usage should be done entirely within this environment. Idedly it
should be impossible to produce programs exterior to this
environment.(33)

Bemer's proposal was aimed at the problem of workers' near-total
control over production, which the computer itself held promise of
overcoming. "Economical products of high quality,” he continued,

are not possible (in most instances) when one instructs
the programmer in good practice and merely hopes that
he will make hisinvisible product according to those
rules and standards. This just does not happen under
human supervision.

A factory, however, has more than human supervision.
It has measures and controls for productivity and
quality. Financial records are kept for costing and
scheduling. Thus management is able to estimate from
previous data: not so with programming management
in general. Computer supervision and aid are vital,
with the accent upon human engineering factors so that
working in the environment is both attractive and
effective for the programmer.

In reading these words, it is hard not to
hear an echo of Frederick W. Taylor and
his methods of "scientific management”,
which informed management thinking,
both here and in Europe in ways that are
only now becoming clear.(34) Indeed, the
basic principles of Taylor's system sound
much like the agenda that early software
engineer- managers were laying out for
themselves. The primary obligation of
management according to Taylor wasto
determine the scientific basis of the task to
be accomplished. That came down to four
main duties:

First. They develop a science for each element of a
man's work, which replaces the old rule-of -thumb
method.(35)

Second. They scientifically select and then train, teach,
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(33) R.W. Bemer, "Position Paper for
Discussion [on] the Economics of Pro
Production”, Information Processing !
Holland Publishing Company, 1969, v

1626.

(34) In the now classic Taylorism at V
Arsenal: Scientific Management in Ac
1915 (Cambridge, MA: Harvard U.P.,
as Scientific Management in Action: T
Watertown Arsenal, 1908-1915, Princ
Princeton U.P., 1985), H.G.J. Aitken |
"solutions of enduring significance" (|
planned routing and scheduling of wo
progress, leading to the assembly line
continuous flow production; (2) syster
inspection procedures between operati
printed job and instruction cards; (4) r
accounting techniques; (5) systematiz
procedures, purchasing, and inventory
and "functional foremanship”, which
element not to gain general acceptanc
little credit from historians for these tl
"these inconspicuous innovations hav:
exercised amore far-reaching influenc
industrial practice than has the conspi
innovation of stop-watch time study".
Taylorism have attracted renewed atte
historians in recent decades; seein pa
Nelson, ed., A Mental Revolution: Sci
Management Since Taylor (Ohio Stat¢
1992) and S.P. Waring, Taylorism Tr¢
Scientific Management since 1945 (Ul
Carolina Press, 1991). R. Kanigel's Tt
Way: Frederick Winslow Taylor and t
Efficiency (Viking Press, 1997) isafL
informative biography.

(35) That science constituted the famc
way" on which Taylor's system rested

(36) F.W. Taylor, The Principles of &
Management, 1911; repr. Norton, 196
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and develop the workman, whereas in the past he
chose his own work and trained himself as best he
could.

Third. They heartily cooperate with the men so asto
insure all of the work [is] being done in accordance
with the principle of the science which has been
devel oped.

Fourth. Thereis an ailmost equal division of the work
and the responsibility between the management and
the workmen. The management take over all work for
which they are better fitted than the workmen, whilein
the past almost all of the work and the greater part of
the responsibility were thrown upon the men.(36)

In the emphasis on supervision and support of the programmer,
Bemer's factory sounds like Taylor's machine shop, with
management seeking to impose the "one best way" over aworker
till in control of the shop floor.

A decade later, William W. Agresti of the University of Michigan-
Dearborn made the tie to Taylor explicit. In afollow-up to histalk,
"Applying Industrial Engineering to the Software Development
Process, presented at the IEEE Computer Society's 23
International Conference in the fall of 1981, he published a short
piece on " Software Engineering as Industrial Engineering” in
Software Engineering Notes:

While working on this project, | returned for
inspiration to the "old masters” of industrial

engineering: Frederick Taylor, Henry Gantt, and Frank (37) W.W. Agresti, " Software Engine
and Lillian Gilbreth. The accounts of their work in the Industrial Engineering’, Software Enc

. . . Notesvol. 6, no. 5, 1981, 11-12; at 11
early 1900s provide remarkable reading as a glimpse Michael Cusumano for drawing my at
of society at that time. | was also impressed that much article. Agresti later moved to Compu
of what they were saying then about |.E. (or "scientific Corporation and then to MITRE Corp

management” as it was known then) could be said
today about software engineering.(37)

As examples, Agresti offered a page of excerpts from the works of
the masters as they might apply to such matter as "Finding Program
'‘Bugs”, "Introducing Structured Programming Methods', and
"Software Tools'. Concerning the "Analysis of Algorithms," he
went to the heart of Taylor's system: "Now, among the various
methods used..., there is always one method which is quicker and
better than any of the rest. And this one best method can only be
discovered through a scientific study and analysis of al the
methodsin use...."
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Whether implicitly or explicitly, Taylorism continued to inform the

industrial approach to software engineering. Leon J. Osterwell's

keynote address at the Sth International Conference on Software

Engineering in 1987 offers a striking example.(38) Even more

recently, Watts S. Humphrey, principal designer of the widely used  (3g) |3 Osterweil’, " Software Proces

(and DoD-sanctioned) Capability Maturity Model and Personal Software Too", Proceedings of the 9t
Software Process, provides more explicit testimony to Taylor's Software Engineering (ICSE 9), IEEE
presence in thinking about software management. In an article on Society Press, 1987, pp. 2-13. At ICSI
the current status and trends in the Personal Software Process, Osterweil's paper was recognized astl

Humphrey references Peter Drucker in asserting that "Even though ~ '"fluential paper of ICSE 9.

manual and intellectual tasks are significantly different, we can
measure, analyze, and optimize both and thus apply Taylor's
principles equally well." He then explains his point in language
quite close to Bemer's:

The principal difference between manual and
intellectual work isthat the knowledge worker is
essentially autonomous. That is, in addition to deciding
how to do tasks, he or she must also decide what tasks
to do and the order in which to do them. The manual
worker commonly follows arelatively fixed task order,

essentially prescribed by the production line. So (39) W.S. Humphrey, "The Personal ¢
studying and improving the performance of intellectual Process: Status and Trends", IEEE Sof
work must not only address the most efficient way to 17, no. 6, Nov./Dec. 2000, p.72.

do each task but also consider how to select and order
these tasks. The is essentially the role of a defined
process and a detailed plan. The process defines the
tasks, task order, and task measures, while the plan
sizes the tasks and defines the task schedule for the job
being done.(39)

If, as Osterwell maintains, "software processes are software, too",
then some of those processes are Taylor-inspired software for
managing workers.

Y et, in the late 1960s, when the notions of software engineering
and the software factory were first proposed, practitioners could
fulfill none of Taylor's requirements. To what extent computer
science could replace rule of thumb in the production of software
was precisely the point at issue at the NATO conferences (and, as
noted above, it remains a question). Even the optimists agreed that
progress had been slow. Unable, then, to fulfil the first duty,
programming managers were hardly in a position to carry out the
third. Everyone bemoaned the lack of standards for the quality of
software. Asfar as the fourth was concerned, few ventured to say
who was best suited to do what in large-scale programming project.
Frederick P. Brooks offered an example in his now classic The
Mythical Man-Month:
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It isavery humbling experience to make a
multimillion-dollar mistake, but it isaso very
memorable. | vividly recall the night we decided how
to organize the actual writing of external specifications
for OS/360. The manager of architecture, the manager
of control program implementation, and | were
threshing out the plan, schedule, and division of
responsibilities.

The architecture manager had 10 good men. He
asserted that they could write the specifications and do
it right. It would take ten months, three more than the
schedule allowed.

The control program manager had 150 men. He
asserted that they could prepare the specifications, with
the architecture team coordinating; it would be well -
done and practical, and he could do it on schedule.
Furthermore, if the architecture team did it, his 150
men would sit twiddling their thumbs for ten months.

To this the architecture manager responded that if |
gave the control program team the responsibility, the
result would not in fact be on time, but would also be
three months late, and of much lower quality. | did,
and it was. He was right on both counts. Moreover, the
lack of conceptual integrity made the system far more
costly to build and change, and | would estimate that it
added a year to debugging time.(40)

Only with that experience behind him was Brooks in a position to
think about what precisely was wrong with his decision.

Asfor Taylor's second principle, by 1969 the failure of
management to establish standards for the selection and training of
programmers was legend. As Dick H. Brandon, the head of one of
the more successful software houses, pointed out, the industry at
large scarcely agreed on the most general specifications of the
programmer's task. Managers seeking to hire people without
programming experience (as the pressing need for programmers
required) had only one quite dubious aptitude test at their disposal,
and no one knew for certain how to train those people once they
were hired.(41) So one was back where one started: to implement
the model required solving the problems to which the model was
supposed to provide the solution, quite apart from how effective
that solution had in fact turned out to be.

Much of the articulation of software engineering during the 1970s

and '80s aimed at laying the groundwork for effective management:
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(40) F.P. Brooks, Jr., The Mythical Mz
Essays on Software Engineering, Add

1975, pp. 47-48.

(41) D. H. Brandon, "The Economics
Programming", On the Management c
Programming, G.F. Weinwurm, ed., /
1970, Chap.1. Brandon evidently view
management through Taylorist eyes, t
clear-sighted enough to see that comp
programming failed to meet the preres
scientific management. For an analysi
testing was so unreliable, see R.N. Re
"Results of a Programmer Performanc
Study", IEEE Trans. Engineering Mai
Dec. 1967, 183-87, and G.M. Weinbel
Psychology of Computer Programmin

1971), Chap.9.
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structured analysis and design as a means of hierarchical division
of projects and allocation of tasks, structured programming as a
means both of quality control and of disciplining programmers,
methods of cost accounting and estimation, methods of verification
and validation, techniques of quality assurance. Except for
structured programming, which could be enforced by increasingly
effective diagnostic compilers, most of these methods were paper
exercises for which the computer served largely clerical purposes.
One could very well program "outside the environment”.

A year after Bemer laid out his scheme, GE left the computer
business, but the concept of the software factory survived. Indeed,

the Systems Development Corporation trademarked the term, and (42) M. Cusumano, Japan's Software
proposed to set up what Michael Cusumano describes as a 147-8; the quotation is from the descri
"conveyor and control system that brought work and materials SDC software factory by H. Bratman .

(documents, code modules) through different phases, with workers ;EéiZdeS::sO;;Ze nggltgvarl i FS?)?:\(/)\/rgreSé
using standardll zed tools and method; to build finished software Techniques, Infotech I nternational, 1¢
products’, or, in the words of its designers, For a historical overview of the conce
Cusumano, " Shifting Economies: Frol
In the Factory, the Development Data Base serves as Production to Flexible Systems and St
the assembly line --carrying the evolving system Factories,” Research Policy, vol. 21, 1
through the production phases in which factory tools 80.
and techniques are used to steadily add more and more

detail to the system framework.(42)

The evocation of the assembly line linked the software factory to a
model of industrial production different from Taylor's--how
different is a complex historical and technical question-- namely
Ford's system of mass production through automation. Ford did not
have to concern himself about how to constrain workersto do
thingsin "the one best way". His machines of production embodied
that way of doing things; the worker had little to do with it. The
same was true of the assembly line itself.

In the chassis assembling are forty-five separate

operations or stations. The first men fasten four mud-

guard brackets to the chassis frame; the motor arrives

on the tenth operation and so on in detail. Some men

do only one or two small operations, others do more. (43) H. Ford, My Life and Work, Doul
The man who places a part does not fasten it --the part pp. 82-83.

may not be fully in place until after several operations

later. The man who putsin a bolt does not put on the

nut; the man who puts on the nut does not tighten it.

(43)

As parts moved through the production process, they took on the
shape of the Model T because that shape was, so to speak, built into
the machines of production. Ford's methods worked because he was
producing a machine, the essential components of which could be
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completely and precisely specified and hence could be produced by

machines, themselvesin turn fully specifiable. Indeed, Ford
designed the Model T to be produced by machines, and therefore
the available means of production were part of the target
specifications. Underpinning that achievement was the
development of the machine-tool industry alluded to above.

The assembly line has held continuing allure for software
engineers, who generally find it ironic that "programmers have
done agood job of automating everyone's work but their own."
Indeed, that isreferred to as the "software paradox”.(44) That one
would find it paradoxical liesin the nature of the computer
combined with a particular notion of engineering. "We know," said
John McCarthy, "that any intellectual process that can be carried
out mechanically can be performed by a genera purpose digital
computer.” By "mechanically", he meant according to clear,
unambiguous procedures. Engineering, especially science-based
engineering, aims at providing solutions of just that sort to its
problems. Hence, one ought to be able to do for software what one
has done for other engineering problems, namely to transfer
solutions to the computer for execution. The grail of "automatic
programming", as pursued in particular by Robert Balzer of 1S,
with the support of DARPA, throughout the *70s and '80s was a
software development system which could take the specification of
aproblem and transform it automatically into aworking system as
solution, in essence cutting out the programmer altogether. Much
of the CASE software devel oped during this period purported to
achieve portions of that goal; on close inspection, little of it in fact
lived up to its claims.

In Japan's Software Factories and related articles, Michael
Cusumano presents evidence suggesting that the effective
management of software production lies at alevel in between craft
production and mass production, namely at the level of flexible
design and production systems. The "factories’ Cusumano
examined during the mid-to-late '80s invol ved the following
measures:

- identification of atarget market and of arange of "semi-
custom" productsfor it

- alongterm commitment to production for that market

- intensive review of currently available tools and practices
- intensive and continuing training of personnel and
imposition of a programming discipline on them

- commitment of productive effort to the building of tools
- emphasis on reusability, encouraging designers and
programmers to devote project effort to non-project goals
- emphasis on design and testing phases of devel opment

- intensive quality control through inspection and testing.
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(44) See B. Blum, "Understanding the
Paradox", ACM SIGSOFT Software E
Notes, vol. 10, no. 1, 1985, pp. 43-47,
attributes the notion to L.G. Stucki.
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Basically, the list comes down to a corporate investment in training
and maintaining a skilled work force with cumulative experiencein
the areas for which they are building systems. There are examples

of such environmentsin the U.S., Bell Labs perhaps foremost
among them. Unix is aleading model for the notion of software
tools and of a"programmer's workbench".

To what extent such environments are "factories' in the sensein
which they were originally conceived is debatable. Indeed,

Cusumano notes the resistance of the programmers themselvesto

the term, because it connotes a devaluation of their skills. The

phrase "workbench", which also appears in the Japanese context,

lies closer to the shop than to the assembly line. Although these

environments suggest that the production of software isfar from
inherently unmanageable, they also make clear that productivity
depends on a highly skilled, and commensurately expensive

workforce.

What is being automated?

Those "factories’
are also not likely
to hold a solution
for the problems of
software
production that
motivated the drive
for software
engineering, but,
then, neither is
automatic
programming.
Consider another
version of

devel opment
phases of the
software life cycle
(Fig. 1). Weareon
firmest theoretical
ground at the
bottom of the
diagram. That is
where computer
science has

Real World (Physical) System

Systems | analysis

Computational model of system
without reference to specific
implementation

Specification | and design

A

Computational model of system
in terms of specific implementation

programming | (direct and embedded)
4

high-level language
[intermediate language]
instruction set

Computational model of system
in terms of finite-state machine

microprogramming

hardware | design
F

Machine as operational model of system

achieved its most profound results, and that is where theory has
most effectively trandated into practical software tools. But the
problems of air traffic control systems, of national weather

systems, of airline booking systems all lie at the top of the diagram,

where area -world system must be transformed into a
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computational model. That is where software engineering is not
about software, indeed where it may not be about engineering at
al.

Software engineering began as a search for an engineering

discipline on which to model the design and production of

software. That the search continues after thirty-five years suggests

that software may be fundamentally different from any of the

artifacts or processes that have been the object of traditional

branches of engineering: it is not like machines, it isnot like

masonry structures, it is not like chemical processes, it isnot like

electric circuits or semiconductors. It thereby raises the question of

how much guidance one may expect from trying to emulate the

patterns of development of those engineering disciplines. During

general discussion concerning theory and practice held on the last (45) Software Engineering Technique
day of the Rome conferencein 1969, |.P. Sharp came at the issue conference sponsored by the NATO &
from an entirely different angle, arguing that one ought to think in Committee, Rome, Italy, 27th to 31st (
terms of "software architecture” (= design), which would be the J.N. Buxton and B. Randell, eds., NA
meeting ground for theory (computer science) and practice Committe, [1969], p. 12.

(software engineering). "Architecture is different from (46) For areview of the architectural |

engineering,” he maintained and then added, "I don't believe for J.0. Coplien, "Reevaluating the Archi
instance that the majority of what [Edsger] Dijkstradoesistheory - vetaphor: Toward Piecemeal Growth
- | believe that in time we will probably refer to the 'Dijkstra Software vol. 16, no. 5, Sep./Oct. 199!

School of Architecture'.”(45) That is no small distinction.
Architecture has a different history from engineering, and we train
architects differently from engineers.(46) It is striking to a historian

looking for a history of software engineering that the 9™
Foundations of Software Engineering Conference in 1998, which
concluded with a plenary session on whether software engineering
isready to become a"profession”, that is, whether its practitioners
should be subject to licensing as professional engineers, was
preceded by the 3" |nternational Workshop on Software
Architecture.
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