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After surveying the current state of the literature in the history of computing, this
paper discusses someof the major issues addressed by recent work in the higory of
technology. It suggests aspects of the devel opment of computing which are pertinent
to those issues and hence for which that recent work could provide models of
historical analysis. As a new scientific technology with unique features, computing
in turn can provide new perspectives on the history of technology.

I ntroduction

SinceWorld War 1 'information’ has emerged
as a fundamental scientific and technological
concept applied to phenomena ranging from
black holesto DNA, from the organization of
cdls to the processes of human thought, and
from the management of cor porations to the
allocation of gobal resources. Inadditionto
reshaping established disdplines, it has
stimulated the formation of a panoply of new
subjects and areas of inquiry concerned with
its structure and its role in nature and society
(Machlupand Mansfeld 1983). Theories based
on the concept of ‘information’ have so
permeated modern culture that it now is
widely taken to characterize our times. We
live in an ‘information society’, an ‘age of
information’. Indeed, we look to modds of
information processing to explain our own
patterns of thought.

The computer has played the central
role in that transformation, both
accommodating and encouraging ever broader
views of ‘information' and of how it can be
transformed and communicated over time and
gpace. Since the 1950s the computer has
replacedtraditional methodsof accountingand

record-keeping by a new industry of data
processing. As a primay vehicle of
comimunication over both space and time, it
has come to form the core of modern
information  technology. What the
English-speaking world refersto as"computer
science” is known to the rest of western
Europe as informatique (or Informatik or
informatica). Much of the concern over
information as a commodity and as a natural
resource derives from the computer and from
computer-based communicationstechnology.*
Hence, the higory of the computer and of
computing is central to that of information
scienceand technology, providing athread by
whichto maintain bearing while exploring the
eve-growing maze of disciplines and
subdisciplines that claim information as their
subject.

Despite the pervadve presence of
computing in modern science and technology,
not to mention modern society itsdf, the
history of computing has yet to establish a
significant presence in the history of sdence

To characterize the unprecedented capabilities of
compute's linked to telecmmmunications, Nara and
Minc (1978) coined the term tél ématique.
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and technology. Meetings of the Higory of
Science Society and the Society for the
History of Technology in recent years have
included very few sessions devoted
gpecifically to history of computing, and few
of the thematic sesions have included
contributions from the perspective of
computing. There is clearly a balance to be
redressad here.

The status of the history of computing
withinthe history of technology surdy reflects
on both perties, but the bulk of the task of
redress lies with the former. A look at the
literature shows that, by and large, historians
of computing are addressing few of the
guestions that historians of technology are
now asking. It isworthlooking at what those
guestions are and what form they might take
when addressed to computing. The questionis
how to bring the history of computingintoline
with what should be its parent discipline.
Doing so will follow a two-way Street: the
hisory of computing should use modds from
the history of technology at t he same time that
we use the history of computing to test those
models. In some aspects, at least, computing
poses some of the maor questions of the
higory of technology in special ways. Bath
fieldshavemuchto learnfromthe other.

Computing's Present History

Where the current literature in the history of
computing is sdf-conscioudy historical, it
focusesin large part on hardware and on the
pre-history and early development of the
computer?  Where it touches on later
developments or provides a wider view, it is
only incidentally historical. A major portion of
the literature stems from the people involved,

2See Aspray (1984) for a recent, krief survey of the
state of the field.
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either through regular surveys of the state and
development of various fields (e.g. Rosen
1967, Sammet 1969)° or compilatiors of
seminal papers (Randell 1982; Y ourdon 1979,
1982; AT&T 1987)° or through
reminscences and retrospectives, either
written directly or transcribed from their
contributions to conferences and symposia.®
Biographies of men or machines --some
heroic, some polemical, some both-- are a
prominent genre, and one reads a lot about
"pioneers’. A few corporate histories have
appeared, mogs notably IBM's Early
Computers (Bashe et al. 1986), but they too
are in-house productions
Thisliterature representsfor the most
part "inside™ history, full of facts and firds.
While it is first-hand and expert, it is aso
guided by the current state of knowledge and
bound by the professonal culture. That is, its
authorstake as givens (often technical givens)
what amor e critical, outside viewer might see
as choices. Reading their accounts makes it
difficult to see the aternatives, as the authors
themselves o= touch with a time when they
did not know what they now know. Inthe long
run, most of thisliteraturewill become primary
sources, if not of the development of
computing per &, then of its emerging culture.
From the outset, the computer
attracted the attention of journalists, who by
the late '50s were beginning to recount its
higory. The result is a szable inventory of

3Many of the arti cles in Computing Surveys, begun in
1969, include an historical review of the subject.

“The 25th-anniversary issues of the leading journals
also contain useful collections of important articles.

SWexelblatt (1981), a recad of the 1978 ACM
ConferenceontheHistory of Programming Languages,
is an excellent example, as is a recent isuue o the
Annals of the History of Computing on theBurroughs
B5000.
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accounts having the virtues and vices of the
journaligt's craft. They are vivid, they capture
the spirit of the people and of the ingitutions
they portray, and they have an eye for the
telling anecdote. But their immediacy comesat
the price of perspective. Written by people
more or less knowledgesble about the subject
and about the higory of technology, these
acoountstend to focus on the unusua and the
spectacular, be it people or lines of research,
and they often cede to the sdf-evaluation of
their subjects. Thus the microcomputer and
artificial intelligence have had the lion's share
of attention, as their advocates haveroared a
succession of millenia.

The journalistic accounts vea ino
another major portion of the literature on
computing, namey what may be called "social
impad  datements’. Often difficut to
distinguish from futwig musng on the
computer, the discussions of the effects of the
computer on society and its various activities
tend on the whole to view computing apart
from the higory of technology rather than
from its perspective. History here servesthe
purpose of socid andyss, criticism, and
commentary. Hence much of it comes from
popular accounts taken uncriticaly and
episodicdly to support non-historical, often
polemical, theses. Some of thisliterature rests
on a frarkly political agendg whether its
models and modes of analysis provide insight
depends on whether one agrees with that
agenda

Fndly, there is a smdl body of
professionally historical work, dealing for the
most part with the origins of the computer, its
invention and early development (e.g. Stern
1981, Ceruzzi 1982, Williams 1986). It is
meant as no denigration of that work to note
that it stops a the point where computing
becomes a dgnificant presence in sdence,
technology, and society. Therehistoriansstand
before the daunting complexity of a subject
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that has grown exponentidly in sze and
variety, looking not so much like an uncharted
ocean as like atrackless jungle. We pace on
the edge, pondering where to cut in.

The Questions of the History of
Technology

The state of the literature in history of
computing emerges perhaps more clearly by
comparison (and by contrast) with what is
currently appearing in the history of
technology in general and with the questions
that have occupied historians of technology
over the past decade or so. Those questions
derive from a cluster of seminal articles by
George S. Daniels, Edwin T. Layton, Jr.,
Eugene S. Ferguson, Nathan Rosenberg, and
ThomasP. Hughes among others. How has
the relationship between science and
technology changed and developed over time
and place? How has engineering evolved,
both as an intellectual activity and as a social
role? Istechnology the creator of demand or
a response to it? Put another way, does
technology follow a society's momertum or
redirect it by external impulse? How far does
economics go in explaining technological
innovaion and development? How do new
technologies esablish themselves in sociaty,
and how does society adapt to them? To what
extent and in what ways do soci eties engender
new technologies? What are the patterns by
which technology is transferred from one
cultureto another? What role do governments
play in fostering and directing technological

%George Daniels (1970) put the question as an
assertion (p.6): "... the rea dfea of technical
innovation [has been] to help Americans do better
what they had already shown amarked inclination to
do." The seeming "socia lag" in adapting to new
technology, he argued, is more likely economic in
nature.
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innovaionand development? Thesearesome
of the "big questions’, as George Danids
(1970) once put it. They can be broken down
into smaller, more manageable quedions, but
ultimately they are the questions for which
historians of technology bear specia
respong bility withinthe hisgorica community.
They aredl of them questions which can shed
light on the development of computing while
it in turn elucidates them,

A few examplesfrom recent literature
must suffice to suggest the approaches
historians of technology are taking to those
guestions. Each suggests by implication what
might be done in the higory of computing. A
spae of studies on industrial research
laboratories has explored the sources,
purposes and strategies of organized
innovation, invention, and patenting inthe late
19thand early 20th centuries, bringing out the
dynamics of technological improvement that
Rosenberg (1979) suggested was a mgor
source of growthin productivity. In Networks
of Power Thomas P. Hughes (1983) has
provided a model for pursuing another
suggestion by Rosenberg, namely the need to
treat technologies asinteractive congituents
of systems. Developments in one subsygem
may be responses to demands in others and
hence have their rea pay-offs thae. Or a
breakthrough in one component of the system
may unex pectedly create new opportunitiesin
the others, or even force a reorganizétion of
the system itself.

In detailed examinations of one of the
"redly big questions’ of the history of
American technology, Merritt Roe Smith
(2977) and David A. Hounshell (1984) have
traced the origins of the "American Sysem"
and itsevolution into mass production and the
assembly line. Both have entered the
workshops and factories to reved the quite
unevenreceptionand progress of that system,
never so monolithic or pervasive as it seemed
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then or has seemed since Daniel Nelson
(1975) and Stephen Meyer (1981) have
entered the factory floor by another door to
study the effects of mass production on the
workers it organized.

Looking at technology in other
contexts, Walter McDougall (1985) has
angomized the means and motivation of
government support of research and
development since World War 11, reveading
structures and patterns that extend well
beyond the space program. Behind his study
stands the ongoing history of NASA and of its
individual projects. From another perspective,
David F. Noble (1984) has examined the
"command technology" that lay behind the
development of numerically controlled tools.
At amore mundare level, Ruth Cowan (1983)
has shown how "progress is our most
important product” often translated into More
Work for Mother, while her own experiments
in early nineteenth-century domestic
technology have brought out the intimate
relationship between household work and
family relations

In the late 1970s Anthony F.C.
Wallace (1978) and Eugene Ferguson (1979b)
recalled our attention to the non-verbal modes
of thought that seem morecharacteristic of the
inventor and engineer than does the
language-based thinking of the scientist.’
Brooke Hindle's (1981) study of Morses
telegraph and Reese Jerkins's (1987) recent
work on the iconic patterns of Edison's
thought provide examples of the insights
historians canderive fromartifectsread asthe
conaete expressons of visual and tactile
cognition, recognizing that, as Henry Ford
once put it,

'See in particular Wallace's "Thinking About
Machinery" (Wallace 1978, pp.237ff.).
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There is an immense amount
to be learnad simply by
tinkering with things. It isnot
possble to learn from books
how everything is made --and
areal mechanic ought to know
how nearly everything is made.
Machines are to a mechanic
what booksareto awriter. He
getsideasfromthem, and if he
has any brains he will gpply
thoseidess (Ford 1922, p.24) 2

The renewed emphasis on the visua has
reinforced the natura ties between the
historianof technology and the museum, at the
same time that it has forged links between
higory of technology and the study of material
culture

The Tripartite Nature of Computing

Before trying to trandate some of the above
questionsand modds into formsspecifictothe
history of computing, it may help to reflect a
bit on the complexity of the object of our
gudy. The computer is not one thing, but
many different things, and the same holds true
of computing. There is about both terms a
deceptive sngularity to which we fdl victim
when, as is now common, we prematurely
unite its multiple historical sources into a
sngle stream, treating Charles Babbages

8 n The Sciences of the Artificial Herbert Simon (1981;
cf. Newell and Simon 1976) argues farcefully for the
empirical nature of computer research that underlies
its mathematical trappings. Thethinking of computer
designers and programmers is enbodied in the way
their machines and programs work, and the languages
they use to specify how things are to work are
themselves artifacts. The models they use are filled
with images difficult or distractingly tedious to
translate into words; cf. Bolter (1984).
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analytical engine and George Bool€'s algebra
of thought asif they were conceptually related
by  something other than 20th-century
hindsght. Whatever Jotn von Neumann's
precise role in designing the "von Neumann
architecture” that definesthe computer for the
period with which historians are properly
concerned, it is really only in von Neumann's
collaboration with the ENIAC team that two
quiteseparate historicd strandscametogether:
the effort to achieve high-speed,
high-precision, automatic caculation and the
effort to design a logic machine capale of
significart reasoning.’

The dual nature of the computer is
reflected in its dua origins. hardware in the
sequence of devices that stretches from the
Pascdine to the ENIAC, softwarein the series
of invedigations that reaches from Leibniz's
combiretorics to Turing's abstract machines.
Until the two strands come together in the
computer, they belong to different histories,
the dectronic cdculaor to the higory of
technology, the logic machine to the history of
mathematics® and they can be unfolded
separately without significart loss of fullness
or texture. Though they come toget her in the
computer, they do not unite. The computer
remains an amalgam of technological device
and mahematicd concept, which retan
separate identities despite their influence on
one another.

Thus the computer in itself embodies
one of the central problens of the history of
technology, namelythe rd ation of science and

°I do not make this claim in ignorance o Konrad
Zuse's Z4 o Alan Tuing's ACE, which realized
roughly the same goals as von Neumann's along
independent paths Clearly the computer was"in the
air" bythe1940s. But it wasthe 1940s, not the 1840s.

191 am including the history of mathematical logicin
the history of mathematics
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technology.* Computing as an enterprise
deepens the problem. For not only are finite
automata or denotational semantics
independent of integrated circuits, they are
also linked in only the mog tenuous and
uncertain way to programs and programming,
that is to softwareand its production. Since
the mid-1960s experience in this reaAm has
revealed a third strand in the nature of the
computer. Between the mathematics that
makes the device theoreticaly possble and
the dectronicsthat makesit practicaly feasble
lies the  programming that makes it
intdlectudly, economicdly, and socidly
useful.  Unlike the extremes, the middle
remans a crdt, technical rather than
technological, mathematical only in
appearance. It poses the question of the
relation of science and technology in avery
special form.

That tripartite structure shows up in
the threedistina disciplinesthat are concerned
with the computer: electrical engineering,
computer science, and software engineering.
Of these, the first is the most well established,
sinceit predatesthe computer, eventhoughits
current focus on microelectronics reflectsits
basic orientationtowardthedevice. Computer
sciencebegan to take shape during the 1960s,
asit brought together common concernsfrom
mathemaical logic (automata, proof theory,
recursgve function theory), mathematical
linguistics, and numerica andysis (algorithms,
computational complexity), adding to them
questions of the organizaion of information

Mt shoud sharpen the quedion for the history of
science as well, if only by giving edal forceto the
reciprocal influence of scientific theory and scientific
instrumentation. But up to now at least it has not
attracted the same attention. The computer may wdl
change that as the shaping of scientific concepts and
thepursuit of scientific inquiry come to depend on the
date of computer technology.
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(datastructures) and the relation of computer
architecture to patterns of computation.
Software engineering, conceived as a
deliberately provocative term in 1967 (Naur
and Randell 1969), has developed more as a
set of techniquesthan as a body of learning.
Except for a few university centers, such as
Carregie-Mdlon Univerdty, Universty of
North Carolina, Berkeley, and Oxford, it
remains primarily a concern of military and
industrial R&D aimed at the design and
implemertationof large, complex systems, and
the driving forcesare cost and reliability.

History of Computing as History of
Technology

Congder, then, the history of computing in
light of current history of technology. Several
lines of inquiry seem particularly promising.
Studies such as those cited above offer a
panoply of models for tracing the patterns of
growth and progress in computing as a
technology. It is worth asking, for example,
whether the computing industry has moved
forward more by hig advances of radical
innovation or by small gepsof improvement.
Has it followed the process described by
Nathan Rosenberg, whereby ... technological
improvement not only enters the gructure of
the economy through the main entrance, as
when it takes the highly vishble form of major
patentable technological breakthroughs, but
that it dso employs numerous and lessvisble
side and rear entrances where its arrival is
unobtrusive, unannounced, unobserved, and
uncelebrated” (Rosenberg 1979, p.26)? To
determine whet her that is the case will require
changesin the higory of computing as it is
currently practiced. It will mean looking
beyond "firds" to the revisions and
modifications that made products work and
that account for their real impact. Given the
corporate, collaborative structure of modern
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R& D, historiansof computing must follow the
admonition once made to historians of
technology to stop " subgtituting biography for
careful analysis of social processes’. Without
denigrating the role of heroesand pioneers, we
need more knowledge of computing's
equivalent of "shop prectices, [and of] the
activities of lower-levd technicians in
factories' (Daniels 1970, p.11). Thequegion
is how to pursue that inquiry across the
variegated range of theemergng industry.
Viewing computing both as a system
in itself and as a comporent of a variety of
larger systems may provide importart insights
into the the dynamicsof its development and
may help to distinguish between its internal
and its externd higory. For example, it
suggeds an approach to the question of the
relationbetweenhardware and software, often
couched in the antagonigic form of one
driving the other, a form which sems to
assumethat thetwo arereatively independent
of one another. By contrast, linking themin a
system emphasizes their mutual dependence.
One expects of asystem that the relationship
among its internal components and therr
relationshipsto external components will vary
over time and place but that they will do soin
away that mairtairs a certain equilibrium or
homeostasis, even asthe system itself evolves.
Seen in that light, the relation between
hardware and software is a question not so
much of driving forces, or of stimulus and
response, as of condraints and degrees of
freedom. Whilein principleal computershave
the same capacities as universa Turing
machines, in practi cedifferent architecduresare
conducive to different forms of computing.
Certain architectureshavetechnical thresholds
(eg. VSLI is a prerequidte to massvey
parallel computing), others reflect conscious
choices among equally feasible aternatives;
some have been influenced by the needs and
concerns of software production, others by
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the special purposes of customers. Early on,
programming had to conform to the narrow
limts of speed and memory set by
vacuum-tube circuitry. As largely exogenous
factors in the electronics industry made it
possble to expand those limits, and at the
same time drastically lowered the cost of
hardware, programming could take practical
advantage of research into programming
languagesandcompilers. Researchers' ideasof
multiuser systems, interactive programming, or
virtual memory required advancesin hardware
at the same time that they drew out the full
power of a new generation of machines. Just
as new architectures have challenged
established forms of programming, < too
theoretical advances in computation and
artificial intelligence have suggestednew ways
of organizing processors (e.g. Backus 1977).

At present, theevolutionof computing
as a system and of its interfaces with other
systems of thought and action has yet to be
traced. Indeed, it is not clear how many
idertifisble systems constitute computing
itself, given the diver secontextsinwhich it has
devel oped. We speak of the computer industry
asif it were amonolith rather than a negwork
of interdependent indudries with separate
intereds and concerrs. In addition to
historicdly more analytical studies of
individual firms bothlarge and small, weneed
analyses of their interaction and
interdependence. The same holds for
government and academia, neither of which
has spoken with one voice on matters of
computing. Of particuar interest here may be
the system-building role of the computer in
forging new links of interdependence among
universities, government, and industry after
WorldWar I1.

Arguing in "The Big Questions" that
creators of the machinery underpinning the
American System worked from a knowledge
of the entire sequence of operations in
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production,’® Daniels (1970) pointed to Peter
Druck er's suggestion that "the organization of
work be used as a unifying concept in the
hidory of technology.” T he recent volume by
Charles Bashe e d. on IBM's Early
Computersillustrat esthe potentia fruitfulness
of that suggestion for the higory of
computing. In tracing IBM's adaptation to the
computer, they bring out the oorporae
tensionsand adjustmentsintroducedinto IBM
by the need to keep abreast of fast-breaking
developmentsin science and technologyandin
turn to share its research with others.® The
computer reshaped R& D at |BM, defining new
relations between marketing and research,
introducing anew breed of scientific personnel
with new ways of doing things, and creating
new roles, in particular that of the
programmer. Whether the same holds true of,
sy, Bell Laboratories or G.E. Research
Laboratories, remains to be studied, as does
the dructure of the R&D ingitutions
established by the many new firms that
constituted the growing computer industry of
the '50s, '60s, and '70s Tracy Kidder's(1981)
frankly journalistic account of development at
Data General has given us a tantalizing
glimpse of the patterns we may find. Equally
important will be studies of the emergence of
the data-processing shop, whether as an
independent computer service or as a new
element in established institutions.* More

2Elting E. Morison (1974) has pursued this point
along dlightly different but equally revealing lines.

B undstrom (1987) hasrecently chronicledthe failure
of some companies to make the requisite adjustments.

“The obvious citations here ae Kraft (1977) and
Greenbaum (1979), but bothworksareconcernedmore
with politics than with computing, and the focus of
their political concerns, the "deskilling" of
programmers through the imposition of methods of
structured programming, has proved ephemeal, as
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than one company found that the computer
reorganized de facto the lines of effective
managerial powe.

The computer seems anobvious place
to look for insight into thequegionof whether
new technologiesrespond to need or createit.
Clearly, the first computers responded to the
felt needfor high-speed, automaticcaculation,
and that remained the justification for ther
exly development during the late '40s.
Indeed, the numericd anadysts evidently
conddered the computer to be their baby and
resented itsadoption by "computerologigs” in
the late '50s and early '60s (Wilkinson 1971).
But it seems equally clear that the computer
became the core of an emergent
data-processing industry more by creating
demand than by responding to it. Much as
Henry Ford taught the nation how to use an
automobile, IBM and its competitors taught
the nation's businesses (and its government)
how to use the computer. How much of the
technical development of the computer
originatedin the marketing divisionremainsan
untold story central to an underganding of
moderntechnology.” Kidder's Soul of a New
Machine again offers a glimpse of what that
story may reveal.

One major factor in the creation of
demand seems to have been the dliance

subsequent expeience and data show tha
programmers have made the trandtion with no
significant loss of control over their work; cf. Boehm
(1981).

B5See, for example, Burke (1970): "' Thus technol ogical
innovation is not the produd of saciety as awhole but
emanates rather from certain ssgments within or
outsideof it; themen ar institutions regpons blefor the
innovation, to besuccessful, must 'sdl' it to thegeneral
public; and innovation does have the effect of creaing
broad sodal change.(p.23)" Ferguson (1979a) has
made a similar observation about selling new
technology.
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between the computer and the nascent field of
operations research/management science. As
the pages of the Harvard Business Reviewfor
1953 show, the computer and operations
research hit the business gage together, each
a new and untried tool of management, both
clothed in the mantle of science. Against the
fanciful backdrop of Croesus defeat by
camel-riding Persans, an | BM advertisement
proclaimed that "Yesterday ... "The Fates
Decided. Today ... Facts Are What Count".
Appeding to fad-based drides in "military
science, pure science, commerce, and
industry”, the advertisement pointed beyond
data processing to "'mahematical models of
specific processes, products, or Situations, [by
which] man today can predetermine probable
results, minimzerisks and costs.” Inlessvivid
terms, Cyril C. Herrmann of MIT and John F.
Magee of Arthur D. Little introduced readers
of HBR to "'Operations Research’ for
Management" (1953), and John Diebold
(1953) proclaimed "Automation - The New
Technology". As Herbert Simon (1960, p.14)
later pointed out, operations research was
both old and new, with roots going back to
CharlesBabbageand Frederick W. Taylor. Its
novelty lay precisely in its claim to provide
'mathematical models  of business oper ations
as a basis for rational decision-making.
Depending for their senstivity on
computationally intensve dgorithmsand large
volumes of data, those models required the
power of the computer.

It seems crucid for the development
of the computer industry that the business
community accepted the joint claims of OR
and the computer long before either could
validate them by, say, cost-benefit analysis.
The decision to adopt the nev methods of
"rational decison-making" seemsitself tohave
been less than fully rational :

As business managers we are
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revolutionizing the procedures
of our factories and offices
with automation, but what
about out decison making? In
other words, isn't there a
danger that our thought
processes will be left in the
horse-and-buggy stage while
our operations are being run
in the age of nucleonics,
electronics, and jet propulsion?
... Are the engineering and
stientific symbols of our age
significant indicators of a need
for change?(Hurni 1955, p.49)

Even at this early gage, the computer had
acquired symbolic force in the business
community andinsociety at large Weneed to
know the sources of that force and how it
worked to weave the computer into the
economic and social fabric.*

The government has played a
determining role in at least four areas of
computing: microelectronics; interactive,
real-time systems; artificial intelligence; and
software engineering. None of these gories
has been told by an historian, although each
promises deep insight into the issues raised
above. Modern weapons systems and the
space progran placed a premium on
miniaturization of circuits. Giventhe costs of
research, development, and tooling for
production, it is hard to imagine that the

*Alongtheselines histarians of camputingwoulddo
well to remember that aline of writings on the nat ure,
impact, and even history of computi ng stretching from
Edmund C. Berkeley's (1949) Giant Brains through
John Diebdd's seweral vdumes to Edward
Feigenbaum's and Pamela McCorduck's (1983) The
Fifth Generation stemsfrom peagple with a produd to
sell, whether management consulting or expert
systems.
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integraed circuit and the microprocessor
would have emerged --at least as quickly as
they did-- without government support. As
Frank Rose (1984) put it in Into the Heart of
the Mind, "The computerization of socity ...
has essentidly been a sde effect of the
computerization of war.(p.36)" More is
involvedthan smaller computers. Architecture
and software change in response to speed of
processor and size of menory. Asaresult, the
rapid pace of miniaturization tended to place
already inadequate methods of software
produdion under the pressure of rising
expectations. By the early 1970s the
Department of Defense, as the nation's single
largest procurer of software, had declared a
major stake in the development of software
engineering as abody of methodsand tool sfor
reducing thecostsand increasing thereli abil ity
of large prograns.

As Howard Rheingold (1985) has
described in Tools for Thought  the
gover nment was quick to seize on the interest
of computer scientists at MIT in developing
the computer as anenhancement and extension
of human intdlectud capabilities. I n general,
that interest coincided with the needs of
national defense in the form of interactive
computing, visud diglays of both text and
graphics, multi-user systems, and
inter-computer networks. The Advanced
Research Projects Agency (later DARPA),
soon became a source of almost unlimited
funding for research in these areas, a source
that bypassedtheusud procedures of scientific
funding, inparticular peer review. Much of the
exrly research in artificid intelligence derived
its funding from the same source, and its
development as a field of computer science
aurdy reflects that independence from the
agendaof the discipline as awhole

Although we commonly speak of
hardware and softwareintandem, it is worth
noting that in a strict sense the notion of
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software is an artifact of computing in the
business and government sectors during the
'50s. Onlywhenthe computer left the research
laboratory and the hands of the scientists and
engineersdidthe writing of programs become
aquestion of production. Itisinthat light that
we may most fruitfully view the development
of programming languages, programming
systems, operating systems, dat abase and file
management systems, and communications and
networks, all of them aimed at facilitating the
work of programmers, maintai ning managerial
control over them, and assuring the reliabil ity
of their programs. The Babel of programming
languagesinthe '60stendstodistract attention
fromthe fact that three of the most commonly
used languages today are also among the
oldest: FORTRAN for scientific computing,
COBOL for data processing, and LISP for
atificial inteligence. ALGOL might have
remained a laboraory language had it andits
offspring not becomethe vehicl es of structured
programming, a movement addressed directly
to the problems of programming as aform of
production.”’

Central to the higory of software is
the sense of "crisis" tha emerged in the late
'60s as ore lage projedt afte another ran
behind schedule, over budge, and below
specifications. Though pervasive throughout
the industry, it posed enough of a drategic
threat for the NATO Science Committee to
convene an international  conference in 1968

YAn effort at international cooper ation in establishing
a standard programming language, ALGOL from its
inception in 1956 to its fina (and, some argued,
over-refined) form in 1968 provides a multileveled
view of caomputing in the '60s. While contributing
richly to the conceptual develgpment d programming
languages, it also hasa politicd histay which carries
down to thepresent in dffering drectionsof research,
bothin computer science and, perhaps most clearly, in
software engineering.
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to address it. To emphasize the need for a
concerted effort dong new lines, the
committee coined the term "software
engineering”, reflecting the view that the
problem required the combination of science
and management thought charecteristic of
enginesring. Effortsto define that combination
and to develop the corresponding methods
conditute much of the history of computing
during the 1970s, at leastintheredm of large
gystems, and it is the essential background to
the story of Adain the 1980s. It aso reveds
goparently fundamental differences between
the formal, mathematical orientation of
European computer scientistss and the
practicd, industrial focus of their American
counterparts. Higtorians of science and
technol ogy have seen those differencesin the
past and have sought to explain them. Can
historiansof computing usethose explanations
and inturn help to articulate them?

The effort to give meaning to
"software engineering” as adiscipline and to
define aplacefor it in the training of computer
professionals should cal the higtorian's
atterntion to the congedlation of questions
contained under the heading of "discipline
formation and professionalization”. In 1950
computing consisted of a handful of specialy
designed machines and a handful of specially
trained programmers. By 1955 some 1000
general-purpose computers required the
services of some 10,000 programmers. By
1960, the number of devices had increased
fivefold, the numbe of programmers sixfold.
And 0 the growth continued. With it came
associations, socidies, journals, magazines,
and cdams to professional and academic
standing. The development of these
ingitutionsisan essertial part of the the social
higory of computing as a technological
enterprise. Again, one may ask to what extent
that development has followed higorical
patterns of institutionalization and to what
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extent it has created its own

The question of sources illustrates
paticularly well how recent work in the
higory of technology may provide important
guidance to the history of computing, a the
same timethat thel atter addsnew perspectives
to that work. As noted above, higorians of
technol ogy have focused new attention onthe
non-verbal expressionsof engineering practice
Of the three main strands of computing, only
theoretical computer <cience is essentidly
verbd in nature. I1ts sourcescomein the form
most familiar to historians of science, namely
books, articles, and other lessformal pieces of
writing, which by and large encompass the
thinking behind them. We know pretty well
how to read them, evenfor what they do not
say explicitly. Simlarly, at the levd of
ingitutiond and socid history, we seemto be
on familiar ground, suffering largdy from an
embarrassment of weal th unwinnowed by time.

But t he computer sthemsalves and the
programsthat werewritten for themcongitute
a quite different range of sources and thus
pose the challenge of det ermining how to read
them. As atifacts, computers present the
problemof all electrical and el ectronic devices.
They aremachineswithout moving parts. Even
whenthey arerunning, they digplay nointernal
actionto explantheir outward behavior. Y €,
Tracy Kidder's (1981) portrait of Tom West
sneaking alook at the boards of the new Vax
to see how DEC had gore about its work
reminds us that the actual machines may hold
talesuntold by manuals, technical reports, and
engineering drawings Those sources too
demand our atention. When imaginatively
read, they promise to throw light not only on
the designers but also on those for whomthey
weredesigning. T hrough the hardwar e and its
attendant sour ces one can follow t he changing
physiognomy of computers asthey madetheir
way from the laboratories and large
ingallations to the office and the home.
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Today'sprototypicd computer iconicdly lirks
television to typewriter. How that form
emerged fromaroomful of tubes and switches
is a matter of both technical and cultura
hidory.

Though hard to interpret, the
hardware is at lead tangible Software by
contrast iselusivelyintangible. Inessence, itis
the behavior of the machineswhenrunning. It
is what converts their architecture to action,
and itis condructed with action in mind; the
programmer aimsto make something happen.
Wheat, then, captures softwarefor thehistorical
record? How do we document and preserve an
hisoricadly significant compiler, operating
sysem, or database? Computer scientists have
pointed to the limitations of the static program
text as a basis for determining the program's
dynamic behavior, and a provocative article
(DeMillo et al. 1979) has questioned how
much the written record of programming can
tell us about the behavior of programmers.
Yet, Gerald M. Weinberg (1971, Chapter 1)
has given an example of how programs may
be read to reveal the machines and people
behind them. In a sense, historians of
computing encounter from the opposite
direction the problem faced by the software
indugtry: what congtitutes an adequate and
reliable surrogate for an actualy running
progran? How, in particular, does the
historianrecapture, or the producer anticipate,
the component that is alwaysmissing from the
datic record of software, namely the user for
whom it is written and whose behavior is an
essentid part of it?

Placing thehistory of computing inthe
context of the higory of technology promises
a peculialy recursve benefit. Although
computation by machines has a long history,
computing in the sensel havebeenusing here
did not exist beforethelate 1940s. Thereweare
No comput ers, No programmers, No computer
scientists, no computer managers. Hencethose
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who invented and improved the computer,
those who determined how to program it,
those who defined its scientific foundations,
those who estallished it as an industryin itself
and introduced it into busnessandindustry dl
cane to computing from some other
background. With no inherent precedents for
their work, they had to find ther own
precedents. Much of the history of computing,
certainly for thefirst generation, but probably
also for the second and third, derivesfrom the
precedents these people drew from their past
experience. In that sernse, the history of
technology shaped the history of computing,
and the history of computing must turn to the
higory of technology for initial bearings.

A specific example may help to
illustrae the point. Dands (1970) staed as
one of the really big questions the
development of the 'American Sysem' and its
culmination in mass production. It is perhaps
the central fact of technology in 19th-century
America, and every historian of the subject
must grgpple with it. So too, though Daniels
did not make the point, mug historians of
20th-century technology. For massproduction
has become an historicd touchstore for
modern engineers, in the area of software as
well as elsewhere.

For instance, in one of the mgor
invited papeas at the NATO Software
Engineering Conference of 1968, M.D.
Mcllroy of Bel Telephone Laboratories
looked forward to the end of a "preindustrid
erd' in programming. His metaphors and
smiles harked back to the machine-tool
industry and its methods of production.

We undoubtedly produce
software by backward
techniques. We undoubtedly
get the short end of thegtick in
confrontations with hardware
people because they are the
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indudrialigs and we are the
crofters. Software production
today appears in the scale of
industrialization somewhere
below the more backward
condruction industries. | think
its proper placeisconsiderably
higher, and would like to
investigate the prospeds for
mass-production techniquesin
software.(Mcllroy, 1969)

What Mcllroy had inmind was notreplicaion
in large numbers, which is trivid for the
computer, but rather programmed modules
that might serve as standardized,
interchangeable parts to be drawn from the
library shelf and inserted inlarger production
programs. A quotation from Mcllroy's paper
served as leitmotiv to the first part of Peter
Wegner's serieson " Capital I ntendveSoftware
Technology" in the July 1984 number of IEEE
Software, which was richly illustrated by
photographs of capita industry in the 1930s
and included insets on the higory of
technology.*® By then Mcllroy's equivalent to
interchangeable parts had become "reusable
software” and software engineers had
developed more sophidicaed tools for
producing it. Whether they were (or now are)
any closer to the god islessimportant to the
historian than the continuing strength of the
moddl. It reveds historical self-consciousness.

We should appreciate that
self-consciousness at the same time that we
view it critically, resisting the temptation to
accept the comparisonsasvalid. An activity's
choice of historical modelsis itsdf part of the

80One has to wonder about an artide on software
engineering that envisions progress on an indudrial
model and uses photographs taken from the Great
Depression.
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higory of the activity. Mcllroy was not
describing the state or even the direction of
softwarein 1968. Rather, he was proposing
an historical precedent on which to base its
future development. What is of interest to the
historian of computing is why Mcllroy chose
the modd of mass production as that
precedent. Precisdly what mode of mass
producion did he have in mind, why did he
think it appropriate or applicable to software,
why did he think his audience would respond
well to the proposal, and so on? The history
of technology provides a criticd corntext for
evaluating the answers, indeedfor shaping the
guestions. For historians, too, the evolving
techniques of mass production in the 19th
century constitute a model, or prototype, of
technol ogical development. Whether itisone
model or a set of closely related models is a
matter of current scholarly debate, but some
features seem clear. As a systemit rested on
foundations established in the early and
mid-19%h century, among them in particular
the development of the machine-tool industry,
which, as Nathan Rosenbeag (1963) has
shown, itsdlf followed a characteristic and
revealing patternof innovationand diffug onof
new techniques. Even with the requisite
precision machinery, methods of mass
produdion did not transfer directly or essily
from one industry to ancther, and its
introduction oftentook placein stagespeculiar
to production process involved (Hounshel
1984). Software production may proveto be
the latest variaion of the model, or critica
higory of technology may show how it hasnot
fit.

Conclusion: The Real Computer
Revolution

We can takethis example a step farther. From
various per gpectives, people have beendrawn
to compare the computer to the automobile.
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Apple, Atari, and others have boasted of
creating the Modd T of microcomputers,
clearly intending to convey the image of a car
in every garage, an automobile that everyone
could drive, amachinethat reshaped American
life. The software engineers who invoke the
image of mass production have it inseparably
linked in their minds to the automobile and its
interchangeable variations on a standard
theme

Thetwo anaogiesservedifferent ams
within the computer industry, the first looking
to the microcomputer as an object of mass
consumption, the second to software sysems
as objects of massproduction. But they share
the vision of a society radicdly altered by a
new technology. Beneath the comparison lies
the conviction that the computer is bringing
about a revolution as profound as that
triggered by the automohile. The comparison
between the machines is fascinating in itself.
Just how does one weigh the PC against the
PT (personal transporter)?® For that matter,
which PC is the Modd T: the Apple ][, the
IBM, the Atari ST, the Macintosh? Yet the
guedion is deeper than that. What would it
mean for a microcomputer to play the role of
the Modd T in determining new socid,
economic, and political patterns?  The
historical term in that comparison is not the
Model T, but Middletown (Lynd and Lynd
1929), whee in less than forty years
"high-speed steel and Ford cars’ hed
fundamentaly changed the nature of work and
the lives of the workers. Where is the
Middletown of today, smilarly transfor med by
the presence of the microcomputer? Where
would one look ? How would one identify the
changes? What patterns of sociad and
intellectual behavior mark such
transformation? In short, how does one

®The latter designation stems from Frand (1983).

Higory of Computing in the Higory of Technology page 14

compare technologica societies? That is one
of the "big quedions" for historians of
technology, and itisonly in the context of the
higory of technology that it will be answered
for the computer.

From the very beginning, the
computer has borne the labd "revolutionary”.
Even as the first commercial machines were
being ddlivered, commentator swere extolling
or freting over the radical changes the
widespread use of comput ers would entail, and
few doubted their use would be widespread.
The computer directed people's eyestoward
the futwe, and a few thousand bytes of
memory seemed space enough for the solution
of amog any problem. On that both
enthusiastsand criticscould agree. Computing
meant unprecedented powe for science,
industry, and business, and with the power
came difficulties and dangers that seemed
equaly unprecedented. By itsnatureaswell as
by its youth, the computer appeared to have
no history.

Yet, "revolution" is an essentially
historical concept (Cohen 1986). Even when
turning things on their head, one can only
define what is new by what is old, and
innovation, however imeginative, can only
proceed from what exigs. The computer had
a history out of which it emerged as a new
device, and computing took shapefromother,
continuing activities, each  with its own
historical momentum. As the world of the
computer acquired its own form, it remained
embedded in the worlds of science,
technology, industry, and business which
structured computing even asthey changed in
response to it. In doing so they linked the
higory of computing to their own histories,
which in turn reflected the presence of a
fundamentally new resource.

Wha istruly revolutionary about the
computer will become clear only when
computing acquires aproper history, one that
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tiesit to other technologies and thus uncovers
the precedents that make its innovations
significant. Pursued withinthelarger enterprise
of the history of technology, the higory of
computing will acquire the context of place
and time that gives history meaning.

Acknowledgements

This article is a slightly revised version of a

position paper prepared for the Seminar on
Information Technologies in Historica
Context, held at the National Museum of
American History, 11 September 1987. It
benefitted at that time from the critical
comments of David K. Allison, William
Asporay, |. Bernard Cohen, and Arthur
Norberg. Theresearchfromwhichit stemshas
been generously supported by the Alfred P.
Soan, Jr. Foundation under its New Liberal
Arts Program

References

Aspray, William. 1984. "Literatureand Institutionsin
the History of Computing." ISIS 75, pp. 162-170.

AT&T Bell Laborataries. 1987, UNIX System
Readings and Applications. 2 vals. Englewood Cliffs,
N.J., Prentice-Hall.

Backus, John. 1977. "Can Programming Be Liberated
from the von Neumann Style? A Functional Syle and
Its Algebra of Programs." (ACM Turing Award
Lecdurefor 1977). Communications of the ACM, 21,8,
pp. 613-641.

Bashe, Charles J., Lyle R Johnson, Jchn H. Palmer,
and Emerson W. Pugh. 1986.BM's Early Computers.
Cambridge, MA, MIT Press.

Berkd ey, Edmund C. 1949. Giant Brainsor Machines
That Thirk. New Y ork, John Wiley & Sons.

Bolter, J. David. 1984. Turing's Man. Chapel Hill,
University of North Carolina Press.

Higory of Computing in the Higory of Technology page 15

Boehm, Barry. 1981. Software Engineering
Economics. Englewoad Cliffs, N.J., Prentice-Hall.

Burke, John G. 1970. "Comment: The complex nature
of explanation in the historiography of technology."
Technology and Culture, 11, pp. 22-26.

Buxton, J.N. and Brian Randell (eds.). 1970 Software
Engineering Techniques Report on a conference
sponsored by the NATO Science Committee, Rome,
Italy, 27th to 31st October 1969. Brussels, Sientific
Affairs Department, NATO.

Cf. Naur et a. (1976).

Ceruzzi, Paul E. 1982 Reckoners: The Prehistory of
the Digital Conputer, From Relays to the Stored
Program Concept, 1935-1945. Westpat, CT,
Greenwood Press.

Cohen, |. Bernard. 1986. Revolutions in Science.
Cambridge, MA, Harvard University Press.

Cowan, Ruth. 1983. More Work for Mother: The
Ironies of Household Technology from the Open
Hearth to the Microwave. New Y ork, Basic Books.

Daniels, George 1970. "The Big Questions in the
Higory of American Technology." Technology and
Culture, 11, pp. 1-21.

DeMillo, Richard, Richard J. Lipton, and Alan J.
Perlis. 1979. " Socia Processes and Proofs of Theorems
and Programs." Communications of the ACM, 22, 5,
pp. 271-280.

Diebold, John. November-December 1953.
"Automation - the new technology. Harvard Business
Review. pp. 63-71.

Feigenbaum, Edward and Pamela McCorduck. 1983
The Fifth Generation: Artificial Intelligence and
Japan's Computer Challenge to the World. Reading,
MA, Addison-Wesley.

Ferguson, Eugene S. 1979a. " The A meri can-ness of
American Technology." Technology and Culture, 20,
.pp. 3-24.

Ferguson, Eugene S. 1979b. "The Mind's Eye
Nonverbal Thought in Technology." Science, 197, pp.
827-836.



Mahoney

Ford, Henry. 1922. My Life and Times. Garden City,
N.Y ., Doubleday.

Frand, Erwin. July 1983. "Thoughts on Product
Develogpment:  Remembrance o Things Pag."
Industrial Researchand Development. p. 23.

Greenbaum, Joan. 1979. In the Name of Efficiency:
Management Theory and Shopfloar Practice in Data
Processing Work. Philadelphia, Temple University
Press.

Herrmann, Cyril C. and John F. Magee. July-August
1953. "'Operations Research’ for Management.”
Har var d Busness Review. pp. 100-112.

Hindle, Brooke. 1981. Emulation and Invention. New
Y ork, Basic Books.

Hounshell, David A. 1984. From American Sygem to
Mass Production: The Development of Manufacturing
Technology in the United States. Baltimore Johns
Hopkins University Press.

Hughes, Thomas P. 193. Networks of Power:
Electrification in Western Society, 1880-1930.
Baltimore, Johns Hopkins University Press.

Hurni, Melvin L. September-October 1955.
"Decison Making in the Age of Automatian.”
Harvard Business Review 34, pp. 49-58.

Jenkins, Reese V. 1987. "Wards, Images Artifactsand
Sound: Documentsfor the History of

Technolagy.” British Journal for the History of
Science 20, pp. 39-56.

Kidde, Tracy. 1981. The Soul ofa NewMachine. New
York, Little, Brown & Co.

Kraft, Philip. 1977. Programmers and Managers. The
Routini zation of Computer Programminginthe United
Sates. New York, Springer Verlag.

Lundstrom, David E. 1987. A Few Good Men From
Univac. Cambridge, MA, MIT Press.

Lynd, Robert S. and Helen Merrell Lynd. 1929.
Middletown. New Y ork, Harcourt, Brace & World.

Machlup, Fritz and UnaMangeld. 1983. The Sudy of
Information: Interdisciplinary Messages. New Y ork,

Higory of Computing in the Higory of Technology page 16

John Wiley & Sons.

McDougall, Walter A. 1985. ... The Heavens and the
Earth: A Political Higory of the Shace Age.
New York, Basic Books.

Mcllroy, M. Douglas. 1969. "Mass-Produced
Software." In Naur and Randell 1969.

Meyer, Stephen 11l. 1981. The Five-Dollar Day.
Albany, State University of New Y ork Press.

Morion, Elting E. 1974. From KnowHow to
Nowhere: The Devel opment of American Technd ogy.
New Y ork, Basic Books.

Naur, Peter and Brian Randell (eds.). 1969. Software
Engineering: Report on a conference sponsored by
the NATO Science Committee, Garmisch, Germary,
7th to 11th October, 1968. Brussels Scientific Affairs
Division, NATO. See Naur et al. 1976.

Naur, Peter, Brian Randell and J.N. Buxton (eds.).
1976. Software Engineering: Concepts and
Techniques. New Y ork, Petrocdli/Chater.

Nelon, Daniel. 1975 Managers and Workers:
Origins of the New Factory System in the United
Sates, 1880-1920. Madison, Univesity of Wisconsin
Press.

Newell, Allen and Simon, Herbert A. 1976.
"Compute Scienceas Empirical Inquiry."
Communications of the ACM 19, pp.113-126.

Noble, David. 1984. Forces of Production: A Social
History of Industrial Automation. New York, Alfred
Knopf.

Nora, Simon and Alain Minc. 1978. L'Informatisation
de la société. Paris, La documentation francaise.
Trandlated into English under the title The
Computerization of Society. Cambridge, MA, MIT
Press, 1980.

Randell, Brian (ed.). 1982. Origins of Digital
Computers. Selected Papers. Berlin/ Heidelberg/New
York, Springer Verlag. 3rd ed.

Rheingold, Howard. 1985. Tools for Thought: The
People and Ideas Behind the Next Computer
Revolution. New Y ork, Simon and Schuster.



Mahoney

Rose, Frank. 1984. Into the Heart of the Mind: An
American Quest for Artificial Intelligence. New Y ork,
Random House.

Rosn, Saul. 1967. "Programming Systems and
Languages- A Hidorical Survey." InhisProgramming
Systems and Languages. New Y ak, McGraw-Hill.

Rosenberg, Nathan. 1963. "Technological Change in
the Machine Tool Industry, 1840-1910." Journal of
Economic History 23, pp. 414-443.

Rosenberg, Nathan. 1979. "Technological
interdependence in the American Economy."
Technology and Culture 20, pp. 25-50.

Sammet, Jean. 1969. Programming Languages.
History and Fundamentals. Englewcod Cliffs, N.J,
Prentice-Hall.

Simon, Herbat A. 1960. The New Science of
Management Decision. New York, Har per & Row.

Simon, Herbat. 1981. The Sciences of the Artificial.
Cambridge, Mass., MIT Press. 2nd ed.

Smith, Merritt Roe. 1977. Harper'sFerry Armory and
the New Technology. Ithaca, Cornell University Press.

Stern, Nancy. 1981. From ENIAC to UNIVAC: An
Appraisal of theEckert-Mauchly Computers. Billerica,
MA, Digital Press.

Wallace, Anthony F.P. 1978. Rockdal e: The Growth of
an American Village in the Early Industrial
Revolution. New York, Alfred A. Knopf. (Paperback
ed. New York, W.W. Norton, 1980).

Weinberg, Gerad M. 1971. The Psychology of
Computer Programming. New York, Van Nostrand
Reinhold.

Wexelblatt, Richard L.1981. History of Programming
Languages. New Y ork, Academic Press.

Wilkinson, James H. 1971. "Some Comments from a
Numerical Analyst." (1970 Turing Award Lecture).
Journal of the ACM 18,2(1971), 137-147,

Williams, Michael. 1986. A History of Computing
Technology. Englewoad Cliffs, N.J., Prentice-Hall.

Higory of Computing in the Higory of Technology page 17

Yourdon, Edward. 1979. Classics of Software
Engineering. New Y ork, Y ourdon Press.

Y ourdon, Edward. 1982. Papers of the Revolution.
New Y ork, Yourdon Press.



