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Abstract

This thesis contributes to an understanding of the technical and social
nature of the microelectronics revolution and, particularly, of the nature of

indigenous microelectronics capabilities enabling countries to confront the
challenges of such a revolution. The perspective is global although the

underlying preoccupation is with the development of indigenous microelectronics
capabilities in Third World countries. The first chapter reviews the literature on

microelectronics and the Third World. A need for a better and more systematic

approach to the problem is identified, which the author pursues throughout

subsequent chapters. In the second chapter, a technical interpretation of the

pervasive and systemic nature of the microelectronics revolution is developed.
The third chapter shows that the processes of the microelectronics revolution
have no life of their own, and offers an interpretation of the fundamentally
socio-historical nature of the microelectronics revolution. By means of such

concepts as social constituents of an indigenous microelectronics capability and
historical galvanizing forces, the social shaping of the development process of the
fundamental technologies of the microelectronics revolution is
examined. This is done with particular reference to the U.S., but with

comparison with Japan and Europe whenever this is deemed appropriate. In the
fourth chapter, the analysis is extended to the Third World and, specifically,
Mexico. The social and international character of the issues involved in the

generation of an indigenous microelectronics capability for development purposes

is discussed. The analysis of Mexico is put in the context of development

strategies and the country's self-proclaimed ultimate development goals. The final

chapter seeks to contribute to the general theory of indigenous technological

capability on the basis of the conceptual tools developed in previous chapters.
The fundamentally sociotechnical nature of large-scale and complex technological

processes is here reconstructed from their basic constituents to their international
dimension.
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Introduction

For decades the belief that science and technology are the key to the

development of Third World countries has pervaded the thinking of both

development analysts and policy-makers. In Latin America, in particular, the

preoccupation with science and technology has been very important, going

through an evolutionary experience which has invariably underlined the

complexity of the issues and factors involved in the appropriation of science and

technology for development. First were the simplistic views of the 1950s with
their emphasis on the efficient application of more science as the key to

overcoming underdevelopment. Then, starting with the second half of the 1960s,
a more complex understanding took shape which recognized, among other issues,
the reality of technological dependence and the role of the state as a promoter

of science and technology for development. This led to the era of the national
science and technology programmes, most clearly manifested in the proliferation
of a variety of legislative and institutional instruments designed to advance the

autonomy of the science and technology process in Latin America. By the late
1970s, however, a new era of uncertainty begari^expand on the technological
horizon of the subcontinent. Not only had the hopes of significative advances in

technological autonomy, of at least the main countries of the region, not

materialized; most crucially, it became apparent that a wave of revolutionary
technical change was already transforming the technical realm of the most
advanced capitalist countries, promising momentous consequences for the

technological development, and indeed the overall development process, of the
Latin American subcontinent. The past failures, therefore, and the challenge of
what has become known as the microelectronics revolution, have revealed the

urgent need for both an understanding of the nature of the microelectronics
revolution and its relation to the Third World, and a fresh attempt to improve
our understanding of the nature of technological processes in general.

By and large, the present thesis has taken shape within the above

problematique and seeks to contribute as much to the particular field of
microelectronics as to the general field of the theory of technological processes.

On the first account, the specific aim is to contribute to the understanding of
the technical and social nature of the microelectronics revolution and,

particularly, of the nature of an indigenous microelectronics capability (IMC)
enabling countries to confront the challenges of such a revolution. Here the
study is carried out in a global perspective although the underlying
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preoccupation is with the development of an indigenous microelectronics

capability in the Third World. On the second account, the specific aim is to

contribute to the general theory of indigenous technological capability on the
basis of the findings and conceptual tools developed during the analysis of the
microelectronics problem. Chapter by chapter, therefore, the analytical path

pursued in the present work is as follows.

In Chapter I, a review of the literature on microelectronics and the Third
World is carried out, with particular emphasis on the problem of an indigenous
microelectronics capability. The underlying theoretical approaches utilized by
different commentators is discussed here, together with their arguments and
conclusions about the likely implications of microelectronics for the overall

development process and strategies of underdeveloped countries (UDCs). In
addition, we also focus on these commentators' understanding of the elements
and factors involved in an indigenous microelectronics capability and, most

importantly, on their general and strategic recommendations related to the

development of such a capability in UDCs. Finally in this chapter, a general
discussion on the findings of the above review identifies the need for a better
and more systematic approach to the microelectronics problem. The development
of such an approach forms the central argument of subsequent chapters.

Thus, in the second chapter, a technical interpretation of the pervasive and

systemic nature of the microelectronics revolution is developed. In this chapter,
we set aside all consideration of the social issues of the microelectronics

revolution to concentrate instead on highlighting the complexity and synergy of
the development of the fundamental technologies involved, namely, electronics,

measuring and control systems, and computers and telecommunications systems.

In particular, on the basis of the unifying concepts of signals and signal

systems, we follow the historical development of these technologies (seen as

signal systems), reviewing the technical and theoretical breakthroughs which have
led to the synergistic convergence of their present microelectronic-based stage of

development. In addition, we take the analysis a step further and examine the

impact of the convergence of these technologies on the broader technical realm of

society. The chapter ends with a general discussion intended to draw some

relevant conclusions about the problem of an indigenous microelectronics

capability in the Third World.

In Chapter HI, by offering an interpretation of the fundamentally socio-
historical nature of the microelectronics revolution, we seek to show that the

- xii -



process examined in the previous chapter has no life of its own. Here, on the
basis of the unifying concepts of dominant social constituency of a technological
process and historical galvanizing forces, we focus on the historically changing

interplay of those social forces whose interests and actions have played a

dominant part in determining the shape and dynamism of the process of

development of the technologies mentioned above. For empirical purposes, the

analysis draws primarily on the particular case of the U.S. but introduces global
and comparative perspectives whenever deemed appropriate. The reason for this
choice is that the U.S. is both at the forefront of the development of signal

systems, and the place where the most important developments in
microelectronics have originated. In this context, the chapter follows the
historical development and role of the dominant social constituency, first, of the
US's research and development (R & D) system and, second, of the US's

indigenous microelectronics capability in particular. The analysis refers basically
to the post-Second World War period -although an Appendix traces the US's R
& D system back to its origins in the nineteenth century- and devotes
considerable attention to mapping out the major relations and tendencies

dominating the current phase of historical development of the microelectronics
revolution. As with Chapter HI, this chapter also ends with a general discussion

bringing out important conclusions in relation to the problem of an indigenous
microelectronics capability in the Third World.

In the fourth chapter, the analysis and findings of previous sections are

extended to the Third World arena with the aim of gaining a better

understanding of the interrelations and differences between developed and

underdeveloped countries as far as the nature and development process of an

IMC are concerned. Specifically, the chapter focuses on the case of Mexico where
we discuss the sociotechnical and international character of the issues involved in

the generation of an indigenous microelectronics capability for development

purposes. The analysis is put in the context of Mexico's development strategies
and the country's self-proclaimed ultimate development goals. Thus, the chapter
first looks at the general socio-economic characteristics of Mexico, the stated

goals of its development process and the role of the social forces actually

controlling and directing it. It then looks at the specific characteristics of the
Mexican R&D system to assess the state of development of the scientific-

technological resource-base without which the country cannot expect to achieve
self-determination in any such science-based technology as microelectronics. And,
thirdly, it looks at the electronics resource-base of the country and the
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dominant social constituents in its development, to determine whether or not

Mexico is on the right path to achieve an IMC in accordance with its own

development goals. Finally, a general discussion draws some relevant conclusions
about the generation of an IMC for development purposes in Third World
countries, putting the lessons of the Mexican case into a comparative perspective
which touches upon the cases of Brazil and South Korea. The academic reasons

for the selection of Mexico from the wide range of Third World countries can

be summarized as follows:

a) By all standards, Mexico is one of the most important newly industrializing
countries (NICs) of the Third World and, in Latin America, is the largest

Spanish-speaking NIC, counting on an important degree of industrial
diversification which includes the presence of an electronics sector. In Latin
America, therefore, Mexico is in one of the strongest positions to confront the

challenge of the microelectronics revolution through the possible generation of an

indigenous microelectronics capability. Thus, the knowledge of Mexico's experience
is bound to be useful not only to that country's own process of development
but to that of all other Latin American nations as well.

b) In spite of what has just been said, surprisingly little research has been done

regarding microelectronics in Mexico. In this respect, the experiences of other
NICs such as Brazil, India and South Korea, have clearly received more

attention. We think that this neglect is not justified given the relative

importance of Mexico within the Third World arena, and intend to contribute to

its correction in the present work.

In the fifth and last chapter, by way of conclusion, the task of

contributing to the general theoretical understanding of the nature of
technological processes is finally tackled. The analysis finds its roots in the
various conceptual tools and many processes dealt with in previous chapters,

although some of its aspects are primarily the result of logical analysis. On this
basis, the general focus of the chapter is on the theory of indigenous

technological capabilities (ITCs) and, most particularly, on the reconstruction of
the fundamentally sociotechnical nature of large-scale and complex technological

processes. For these purposes, the first section of the chapter is devoted to

reviewing some important conceptualizations of indigenous technological
capabilities; this is then followed by a second section reviewing the theoretical
tradition of sociotechnical approaches to technology: and, finally, the remain ing
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sections contain our own attempt to conceptualize the sociotechnical nature and

workings of a complex ITC from its basic constituents to the international
dimension of its development process.
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Chapter I

Microelectronics and Third World: A Review of the Literature

with Particular Emphasis on the Understanding of Indigenous
Microelectronics Capabilities (IMC).

Ever since microelectronics shook the consciousness of scholars and policy
makers during the 1970s, a burgeoning literature has developed dealing with
the various aspects of its likely implications for the future development of

society (l). At the beginning, most of the attention centered in the case of
developed countries where the technology became an immediate issue, in
particular, because of the perceived threat to employment at a time when

unemployment was already soaring in most of these countries (2).

By the late seventies, however, the Third World also started to come into
the fore as various writers began to think about what the new technology could
have in store for underdeveloped countries (UDCs). Following this development a

significant body of literature has appeared which has sought to explore the

relationships between microelectronics technology and the future development of
these countries (3).

In what follows, we shall review the most important issues which have
been raised thus far, as well as the different approaches which have been used
in dealing with them. In so doing, however, we shall focus on the concept of

indigenous technological capability in UDCs (4) as it has been understood for
the specific case of microelectronics, or, more generally, microtechnology (5).

(1) Fot an extensive bibliography on different issues see K. Dickson and J. Marsh (1978) and
J.R. Bessant and K. Dickson (1982), Grayson (1984), MAP (1982).
(2) The unemployment rate of the seven major OECD countries rose from just above three
percent in 1970 to almost six percent in 1980.... For the OECD area as a whole
unemployment reached 23 million or 6.5 percent in 1980. (UNIDO,1982b). See also Freeman
et al (1982).
(3) An extensive bibliography on the subject is provided at the end of the chapter.
(4) In general terms, the existence of an indigenous or self-reliant technological capability in
UDCs has been associated with the possession of a variety of specific capacities which would
enable these countries to exercise autonomy in its process of technological development. A
review of some of the most important concepts in this respect is found at the beginning of
Chapter V.
(5) A clear definition of the words I shall be using is necessary here . By microelectronics
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That is to say, our focus will be specifically on the understanding of the nature

of what we shall refer to as an indigenous microelectronics capability or IMC
and, in this respect, upon the factors and issues involved in the development of
such a capability. There are basically three reasons for focusing on this

particular problem.

a) In a world where technology is mostly private property, the possession of
an autonomous or self-reliant control over the development of microelectronics
seems to be a fundamental requirement for a given country or region to be able
to face the challenge of the microelectronics revolution in accordance with its
own development priorities, thus reaping the potential benefits and promises of

microtechnology while warding off or attenuating its possibly negative

consequences.

b) In Latin America there seems to be a general understanding that, given the

strategic importance of microelectronics, the long term aim for the region must

be precisely the achievement of self-reliance in its development as a necessary

condition to secure the self-determination of its overall process of development
(6).

technology or simply microelectronics I will mean the technology of semiconductor
microcircuits. I will use the term microelectronics-related technology (MRT) to refer to the
technologies embodying the microcircuits but which in the past have had an existence
independent of them. Most particularly, these are the technologies of computers,
telecommunications and sensing, measurement and control systems. Finally, I will use the
term microtechnology to refer to the combination of both of them.
(6) In 1982 a meeting was organised in Mexico by UNIDO and the Economic Commission
for Latin America (ECLA) to discuss the implications of the advances in microelectronics for
the region of Latin America. It was attended by representatives of various countries of the
region. One of its major recommendations read as follows: To secure the effective control of
the technology and its processes, the national policy should aim at technological self-
determination which entails a national ability to choose, absorb, adapt, develop and optimize
the technologies that best suit their socio-economic goals of development. The reasons that
compel the countries to attain this level of self-determination are: long-term development,
political and economic independence, increase living standards and welfare of their societies
and the pervasiveness and overall effects of microelectronics". (UNIDO,1982a,p.2). A few
years later, in 1985, a report on microelectronics in Latin America stated..."A number of
regional meetings have revealed the importance of microelectronics in Latin America. It has
become clear that this technology can provide an impetus to the industrial development of
the region, on the one hand, by creating opportunities for the establishment of new rapid-
growth enterprises and, on the other, by providing equipment and services that will have
the effect of improving the efficiency and competitiveness of many other economic
sectors...[The]...entire picture points to the need to develop a production capacity for
electronic components at the regional level not only because of the strategic importance of
this capacity but also because of the economic benefits to be gained from the supply of the
domestic market and from the existing export potential" (Fernandez de la Garza and Octavio,
1985,pp.l-2). More specifically, Galli et al (1982) believes that national policies can be
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c) More than any other problem, the understanding of what is involved in an

IMC will help to answer what are undoubtedly some of the most fundamental

questions as far as UDCs are concerned. For instance, what factors are actually
involved in the process of realizing the ultimate objective of appropriating and

endogenizing the development of microelectronics ? What are the societal
possibilities and limitations determining the development of such a process in a

given country or region ? How the search for an IMC relates to the UDCs
development process at large and hence, to the solution of the most pressing

problems affecting the mass of their population ? In our view, researchers and

policy-makers need to give an answer to this kind of question to enable the

generation not only of a better-informed response to the challenge of
microelectronics but, above all, of a positive and more autochthonous approach
which goes beyond the mere reaction to immediate threats and promises and
relates effectively to the UDCs major development problems. In this sense, it is

possible to say that the problem of an IMC provides a much stronger base for
an analysis of the nature and implications of the microelectronics revolution
from a Third World perspective.

Consequently, in the review that follows, we shall be looking particularly
at those aspects of the literature which are the most directly relevant to the

understanding of the problems we have just identified. Briefly, we can put them
as follows.

a) The underlying theoretical approaches utilized by the different commentators

in dealing with microelectronics and the Third World.

b) The arguments and conclusions about the likely implications of
microelectronics for the overall development process and strategies of UDCs.

c) The understanding of the elements and factors involved in an indigenous
microelectronics capability.

coordinated in a Latin American context "in pursuit of the objectives of having a sizeable
proportion of Latin America's microelectronics requirements met by its own industry within
the next 20 years." (Galli et al,p.2). See also Galli (1982). More generally, for the Third
World, Ernst (1985) states, "... a central concern of policy must be to acquire design and
manufacturing capacities for a select group of devices and subsystems required for priority
applications... Required are political decisions that will link the design and manufacturing
capacities for electronic components and systems to the social needs and the development
requirements of the respective developing countries" (Ernst,p.350).
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d) The general or strategic recommendations related to the development of an

IMC in UDCs.

Before dealing with these aspects, however, it is important to remember
that although different studies within the field of microelectronics and the Third
World may have selected different questions and aspects for particular
examination, it is clear that, in the final analysis, they all share as their starting

point the need to understand and face the challenge presented to the Third
World by that very specific technology: microelectronics. Consequently, as we

shall see below, although there will be important differences in the way in
which diverse studies have dealt with the problem of IMC, it will be also

possible to find a number of features and assumptions which, we may say,

constitute a common ground to all of them. To the latter we first turn our

attention in order to put the subsequent discussion into a better perspective.

1.1. Common Features and Assumptions in the Literature of
Microelectronics and the Third World

Although not always made explicit, there are three general assumptions
which can be identified as underlying the whole of the literature of
microelectronics and the Third World.

a) That in the international economic system, UDCs are not only interrelated to

DCs but they are indeed technologically dependent upon them. Hence any major

technological innovation in the former countries is also bound to have important

implications in the UDCs (7).

b) That not only is microelectronics technology a radical innovation itself but it
also brings about further radical technological innovations (8) whose diffusion

throughout the technical base of society are bound to deeply affect the technical
and cost structure of the different industries and, indeed, the development of

society at large (9).

(7) In an interdependent world economy with a technology-dependent Third World, the
diffusion of microelectronics, first through consumers goods and more gradually through
capital goods will be difficult to stop."(UNIDO Secretariat,1983a,p.2).
(8) For example, "the genie of revolutionary technical change" (Morehouse,1979,p.6); "a
discontinuous shift in technology" (Kaplinsky, 1980,p.37). Wad (1982), however, casts doubts
about the revolutionary character of microelectronics. In his view, "microelectronics represents
a quantitative improvement in a principle (information processing and storage) that has been
around and in use for decades". (Wad,p.680).
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c) That since UDCs cannot escape the diffusion and the implications of
microelectronics (10), for these countries to ignore this technology is not a

plausible option if they are to stand any chance of counteracting the adverse
affects of its widespread use by the DCs as well as of benefiting from its
technical advantages (11)

In addition to the above general assumptions, it is clear that by large a

great deal of common ground also exists in the literature of microelectronics and
the Third World regarding the understanding of the basic technical and economic
features possessed by microelectronics technology.

The basic theme in this respect is that, being a technical basis for
information processing technology, microelectronics pervasiveness is potentially
unlimited since information "is an essential component of mechanical and
intellectual activities, and all systems operate through some form of classical
information exchange: input-processing-output" (Rada,1980a,p.l) (12).

(9) See Lund (1982a) and Kopetz (1984).
(10) Various writers show that microelectronics products are diffusing widely in UDCs. For
instance, a World Bank internal document states: "An analysis of computer sales to 161
countries over the period of 1971-1982 shows that developing countries are expanding their
expenditures in computer technology at a faster rate than the developed ones....Over the last
five years exports of computer technology to developing countries have grown about five
percent faster than to developed countries". Quoted by Norman (I984,p.5). See also Radnor
(1982), Aguirre and Heredia (1982) and Lahera and Nochteff (1983). The latter authors have
shown that, as far as Latin America is concerned, the diffusion of microelectronics has been
a discontinuous, disorganized and heterogeneous process.
(11) For instance, "microelectronics can hardly be ignored because of its wide-ranging impact
and contribution to productivity. Any attempt to ignore it is unlikely to be successful in an

interdependent world economy" (UNIDO,1981,p.25). Likewise, "...The application of
microelectronics to industrial products and processes is already turning upside down on a
world-wide scale the established modes of industrial production and consumption.
Consequently, the question is not whether to apply microelectronics but where and according
to which criteria" (Ernst,1985,p.348). Again, in relation to Latin America, "...It can be said
that the question before the Latin American countries in regard to the introduction of
microelectronics is not whether they should introduce it but rather how" (UNIDO
Secretariat,1985,p.l). And Claeys (1983), referring to the introduction of microelectronics
products in the area of health argues that, "the main question is no longer "should" they be
introduced, but how can they be utilized under optimum conditions" (Claeys,p.17). Finally,
similar concepts are expressed by Schmitz (1986) in relation to automation..."The question for
developing countries...must not (or should not) be whether to automate or not, but under
what conditions" (Schmitz,p.4l).
(12) "The key technical feature that has acted as the driving force behind the
microelectronics revolution has been a dramatic and sustained improvement in the speed,
capacity and cost of handling information by electronics means" (Hoffman,1985,pp.264-265).
For an idea about the wide range of products and processes open to microelectronics
applications, see Kaplinsky (1981), Bessant et al (1980), Ide (1982), Hoffman and Rush
(1983a), Rada (1980a), Nolan (1983), King (1982a) and Barron and Curnow (1979).
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The crucial fact, however, is that, by all standards, microelectronics

possesses great technical and economic advantages over competing information
processing technologies such as mechanical, pneumatic, hydraulic and electrical
devices [Hoffman and Rush(l980a), UNIDO Secretariat(1983a)]. Specifically,
microelectronics offers major reductions in size and number of moving parts

together with a dramatic increase in the performance of the information

processing functions in both products and processes [Lahera and Nochteff (1983),
Kaplinsky (1980)].

Technically, this translates itself into the following advantages (13).

a) Increase in reliability, speed, flexibility, maintainability, uniformity and

capacity for self-diagnosis and correction. Consequently, a reduction in failure
and rejection rates.

b) Improved product quality and added sophistication due to the possibility of a

greater number of functions. Consequently, products become easier to use, the
time needed to learn how to use them is shortened, operational errors are

reduced and performance becomes more consistent.

c) Improved efficiency in the use of both raw materials and energy along with

possible machine savings due to decreased downtime.

d) Labour savings since many functions performed by human beings can be

performed faster and more accurately by microelectronics related technologies. In
particular, unskilled repetitive activities are candidates for automation but, to

the extent that machines become more "intelligent", the potential for displacing
skilled and semiskilled labour also increases.

In economic terms, the combined effect of all the factors just mentioned is

(13) The technical advantages as well as the economic advantages to be mentioned later have
been extracted and put together from the writings of various authors. See, for instance,
Hoffman and Rush (1980b), Kaplinsky (1980,1982a), Ernst (1985), Rada (1980a), UNIDO
Secretariat (1981,1983a), Morehouse (1979), Lahera and Nochteff (1983), Lund (1982a,1982b),
Radnor (1982), Soete (1985), Junne (1986). Interestingly enough, few writers ever mention
the existence of technical problems with microelectronics technology. Indeed, there seems to
be an implicit assumption that, should there be any problem, this will be eventually solved.
Lund (1982b), however, names a few problems which, however transitory, suggest that not
everything is as straightforward as it may appear and that, particularly for UDCs, caution
is needed. The same message emerges clearly from Ramaer and Pijs' (1981) study of the
problems that may affect the adaptation of electronics technology to UDCs conditions.
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generally associated with the following general advantages.

a) A reduction in the costs of production due to increases in the productivity
of both labour and capital.

b) A marked improvement in product competitiveness, particularly in relation to

the high-income markets of DCs, due to an improvement in the quality-

performance-price characteristic of the product.

c) The possibility of obtaining monopolistic profits a la Schumpeter (14) through
innovations that radically alter the production process of existing products
and/or that bring completely new products to the market.

Technically and economically, therefore, it is a well accepted fact that
microelectronics-related technologies possess major advantages over pre-

microelectronics technologies. As such, it is also a shared view that its diffusion
is bound to take place although the specific ways and the speed of this diffusion
will depend upon the specific characteristics of the particular countries and
industries. In this respect, as far as developed countries s,ri concerned, various
studies have shown that microelectronics is diffusing widely with the result that
a clear process of industrial restructuring is already under way (15). It is
under these circumstances that UDCs are brought into the picture. It is clear to

every writer that in microelectronics and, generally, in microtechnology, these
countries face a serious challenge indeed. As we said earlier, however, in

studying this challenge, different approaches, questions and aspects of the

problem have been selected by the various commentators. Below, we shall

(14) According to Schumpeter (1961), under competitive capitalism, entrepreneurs who
innovate are rewarded with monopolistics profits for the time that take their competitors to

appropriate the innovation. Schumpeter utilized this idea in his model of business cycles but
its origins goes back to the classical political economy, to Ricardo's famous chapter "On
Machinery" (Ricardo,1929). On the other hand, Schumpeter's work has by now become
classically associated to the study of microelectronics, as he made the role of radical
innovations - understood as a discontinuous shift in the production function - the central
core of his analysis of long-wave cycles and the dynamics of capitalism (SchumpeteT,
1928,1939).
(15) See Ernst (l981a,1981b) and Rada (1980a,1982c,1982d) for the case of the
semiconductor industry. Chudnovsky et al (1983), Jacobsson (I982a,1982b,1983b,1985) for
the case of the machine tool industry. Hoffman (1985a) and Hoffman and Rush
(1980b,1982,1983a) and Rada (1980a,1982c,1982d) for the case of the textile and garment
industry. Kaplinsky (1982b,1982d,1983) for the diffusion of computer-aided design
equipment. And Jacobsson and Ljung (1983) and Kaplinsky (l984b,1985) for the diffusion
of automation technology and progress in the development of the automated factory at
large.
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concern ourselves with the way in which these differences have expressed
themselves in relation to the central concern of the present work: the problems

underlying the nature and development of an IMC in UDCs.

1.2. Microelectronics and the Third World: Issues and Problems

Involved in the Nature and Development of an IMC in UDCs

From the vantage point of an IMC in UDCs, the literature of
microelectronics and the Third World can be divided, broadly, into two major

groups.

a) That group of studies whose central concern is the UDCs' needs and problems

regarding the utilization and appropriation of microelectronics for their own

development purposes. We shall refer to these studies as the endogenous

approach since, on the one hand, they have focused primarily on the internal
conditions of UDCs themselves and, on the other, they have tended to see

microelectronics as a potentially endogenous factor to UDCs in the sense that, in
the long-term, these countries, either individually or collectively, need and could
achieve self-reliance in the field.

b) That group of studies whose central concern is the likely implications of
microelectronics upon the current process of international division of labour and

technology and upon the development process of UDCs in general. We shall
refer to these studies as the exogenous approach since, on the one hand, they
have focused primarily on processes occurring beyond the UDCs frontiers at the
centre of the international economic system and, on the other, they have tended
to see microelectronics as a rather exogenous factor to UDCs in the sense that
these countries will hardly be able to achieve self-reliance in the field.

By and large, as we shall see below, both groups of studies have made

important points regarding the understanding of the nature of an IMC and the
likelihood of its development in UDCs. But commensurate with their greater

emphasis on the UDCs' need to achieve such a capability, it will be found that
it has been the endogenous studies which have provided the most formal account
in this respect.
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1.2.1. Issues Related to the Development of an IMC in UDCs: The
Endogenous Approach

The general concern of the endogenous approach has been to analyse the
UDCs' needs and problems regarding the utilization and appropriation of
microelectronics for their own development purposes. Under this general concern
a variety of issues have been discussed and a number of recommendations to

deal with the problem have been made. Given the large number of authors who

belong to this school, however, the specific emphasis and also some issues

concerning the technology have been predictably varied. Thus, some authors have

emphasized primarily the appropriateness of microelectronics applications for the
solution of basic problems in UDCs [Radnor(1982), James(l982), Norman(l984)]
while others have emphasized a more market-oriented goal of microelectronics
self-reliance for UDCs [Fernandez(l983), 01iphant(l982b), Kopetz(l984,1985)].
From a different angle, some of the studies have given a rather narrow view of
what is involved in the process of appropriating microelectronics by UDCs
(Herrera, 1982) while others have suggested a more complex view of the factors
and relationships involved in such a process [Mammana(1982), Fernandez
(1983)].

From a conceptual viewpoint, however, endogenous studies show a greater

homogeneity than their exogenous counterparts. Indeed, it is possible to say that
such differences els mentioned above are largely obscured by the simple fact that,
in fundamentals, their underlying theoretical framework is basically the same. In
effect, whatsoever the direction advocated in terms of an appropriate
microelectronics strategy for UDCs or whatsoever the view about the complexity
of the factors involved, it is clear that the following major conceptual features

by and large shape the analysis of most of endogenous studies.

a) A primarily technical understanding of the process whereby the UDCs are

expected to harness microelectronics technology for their own purposes. This is
sometimes combined with certain elements reminiscent of both the "scientific

culture" view of underdevelopment (16) and the ECLA structuralist view of

(16) In the "scientific culture" view of underdevelopment the main problem underlying the
existence of a weak scientific and technological capability in UDCs is seen as the absence of
a scientific culture as the one that exist in developed countries and had its origins in the
Scientific Revolution of the seventeenth century. In such a view, the role of those aspects of
modern science as the scientific attitude and method and the coherence of the scientific

community clearly dominates the understanding of the place of science in the general
problem of development. See Moravcsik (1975) and Moravcsik and Ziman (1975).
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technological development in Latin America. In the latter connection of particular
relevance is the crucial role given to the market, the involvement of the state,

and the need for regional cooperation in the development of microelectronics in
UDCs (17).

b) A view of the role of technology in the development of UDCs which
combines elements of both appropriate technology theory (18) and a lineal view
of the development process (19). As regards appropriate technology, it is not

the employment problem and the labour displacing features of microtechnology
that is mostly emphasized by endogenous commentators. Instead, the argument

focuses on the idea that not only does this technology save skilled labour (20)
and offer a host of possibilities relevant to UDCs' needs (21) but, also, it offers

perhaps the only practical way to solve some of the most pressing problems

affecting the mass of the population of the UDCs, particularly in the rural areas

(17) As early as 1949 the Economic Commission for Latin America (ECLA) related the
problem of technical progress in Latin American countries to the size of the home market.
Demand, it was argued, was insufficient to enable these countries to enjoy the benefits of
large-scale economies and so technical progress was hindered. Two classic features of ECLA's
strategy are related, although not exclusively, to this perception. These are the role of the
state as a dynamizing agent of the development process and the need for regional
cooperation, expressed most conspicuously in the formation of regional markets such as that
of the Andean Pact. For an exposition of ECLA's views, see CEPAL (1949, 1974) and Pinto
(1969). On the role of the state's purchasing power to dynamize and direct technological
development, see Kamenetzky (1973) and Araoz (1977). On its role in relation to
microelectronics, see Lalor (1985).
(18) The concept of appropriate technology has been understood in a variety of ways.

Particularly known, however, is the conceptualization of the neoclassical school of economics
who have related its meaning to the problem of choice of techniques and the factor
endownment characteristics of different countries [Eckaus(l955,1962), Hirschman(l968)]. On
the other hand, Schumacher (1973) argued for the need to generate appropriate technologies
for UDCs in opposition to the adoption of the labour displacing and capital intensive
technologies of DCs. From both viewpoints, the labouT displacing characteristics of the
microelectronics-related technologies seem to cast serious doubts about the appropriateness of
these technologies for UDCs already suffering from high unemployment. In this sense, only
in its capital and skills saving characteristics can microtechnology be positively related to the
factor endownment and employment situation of UDCs since it is widely accepted that these
countries possess a relatively scant supply of both of these factors.
(19) The view of the development process as a lineal process is highly reminiscent of
Rostow's theory of growth where every country is supposed to pass through a series of
stages ever more dynamic technologically as its process of economic development progresses.
Countries are thus dealt with as isolated from one another with the more advanced

representing the model where the others are heading to (Rostow, 1956,1960). A more recent
version of the stages approach is the lineal classification of societal development found in
Bell's analysis of the post-industrial society. Here all societies are dealt with as leading from
an agricultural to a post-industrial society with an industrial stage in between. The
predominance of information activities and technology is considered as the most characteristic
feature of the post-industrial society [Bell(l974,1980) and UNESCO(l979)].
(20) See Hahn (1981) and Shirkie and Fleury (1981).

- 10 -



(22). On the other hand, as regards the lineal view of the development process,

the problem of UDCs in harnessing microelectronics is dealt with, almost

exclusively, from an internal perspective with little reference to the effects and

problems emerging from their particular form of insertion in the international
economic system. Thus, in sharp contrast to exogenous analyses, countries are

generally considered as being in different stages of a linear process of

development, with DCs possessing microtechnology very much as modelling the
future of all the other countries (23). The lineality of the process does not

mean, however, that UDCs must repeat all the stages DCs have gone through.
Indeed, an important conceptual feature present in the analysis of various

endogenous writers is the notion that it is possible for UDCs to leapfrog their

way into more advanced stages of technological development by means of using
and appropriating microtechnology [Radnor(1982), Clarke(l98l), Filipello and

Sagarzazu(l982)] (24). It is these conceptual features that have shaped the

endogenous writers" contribution to the problem of an IMC in UDCs. In this
contribution what has figured so prominently in the analysis of exogenous

writers, namely, the historical context and implications of the diffusion of
microelectronics for the Third World, is mostly overlooked. But, as we shall
see below, a more formal account of the factors, elements and UDCs' internal

problems is provided.

(21) See Claeys (1983), Heden (1981), Oliphant (1982a,1982b)
(22) See UNIDO Secretariat (I983a,1984b), Ramanathan (1981a), Clarke (1981) and Galli et
al (1982). Although not within the endogenous framework of analysis, Morehouse (1979)
has articulated this view with admirable clarity. "For no group of countries in the modern
world is the promise of extraordinary gains in productivity and efficient use of raw
materials through microelectronics more important than for the developing countries. Unless
they can increase their production dramatically and use their resources more efficiently, there
is no way out of the poverty which engulfs them. For these same countries, the
microelectronic revolution offers the promise of a more autonomous, less dependent role in
the global political economy" (Morehouse,p.6). Thus, in Ramanathan's words, this
"technology is not a luxury but a necessity" (Ramanathan,1981a,p.5).
(23) In Kopetz' view, for instance, "the information industry will have a similar impact on
the economy of less developed countries as on the economy of highly industrialized
countries, although with a certain time delay. It is therefore reasonable to look to the
highly industrialized countries to get an indication for the potential impact and future of
this industry" (Kopetz,1984,p.9).
(24) This idea is also forcefully advocated by Jean Jacques Servan-Schreiber in his book The
World. Challenge. He sees microtechnology as having the potential to bring the Third World
out of its underdevelopment if world efforts are made in this direction. "In the years 1978-
1981 the development of the microprocessor and telecommunications equipment has laid the
groundwork for providing the means of speeding up a process of development that would
make it possible to equalize the North and the South, not in 150 years but within a

generation... Computerized infrastructures for the Third World could make it possible for
whole stages of development to be bypassed" (Servan-Schreiber,1980,pp.250 and 268). A more

sophisticated version of the leapfrog argument is found in Soete (1985) which is examined in
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1.2.1.1. Indigenous Microelectronics Capability in the Third
World: Factors, Elements, Societal Problems and Strategic
Recommendations

The first point that has to be made here is that most endogenous writers
are clearly aware that the Third World is not an homogeneous entity and that
marked differences exist in the degree of industrial development of different
countries. In particular, as far as the development of an IMC is concerned, it is
clear to them that not all UDCs are at the same starting situation and that this
determines the specific strategy which a given country is able to pursue (25).
As said earlier, however, unlike their exogenous counterparts, endogenous
commentators consider microelectronics as a potentially endogenous factor to

UDCs. It is assumed that these countries, either individually or collectively, need
and could achieve self-reliance in the field. This notion will be reflected in the

shape of their analysis where the dominant concern is with both the factors and
elements associated with the endogenization of microelectronics by UDCs and the
societal problems and strategic recommendations related to such a development.

1.2.1.1.1. IMC in UDCs: Factors and Elements

By and large, it is possible to say that endogenous analysts have a

primarily technical understanding of the factors and elements involved in a

microelectronics capability. In particular, they have distinguished between three
different kinds of capabilities which UDCs must consider in making up a

microelectronics strategy in accordance with their degree of development,

particularly of the electronic sector.

Capability to use- The most basic microelectronics capability is that of being able
to operate, maintain and service microtechnology that diffuses into the country.

It is argued that, since it is a fact that microelectronics is already diffusing into
UDCs and it will continue to do so via the import of diverse products, it is

clearly a need for UDCs at least to be able to operate, maintain and service the

equipment so as to reap their benefits and prevents wasteful underutilization
[Radnor(1982), UNIDO(1983a), Norman (1984)] (26)

Chapter V.
(25) More generally, it is understood that, as Filipello and Sagarzazu (1982) put it, "the
totally domestic development of all areas of microelectronics is unthinkable at a time when
not even the most advanced nations are following that path" (Filipello and Sagarzazu,p.4).
(26) "Even in the less developed of the developing countries, there would be extensive use
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Capability to apply.- The next capability is that of being able to apply
microelectronics both to strengthen the technical and industrial base of the

country and to provide solution to its most urgent social problems (27). This
( nJ

entails a capability to innovately apply and adapt microelectronics as well as a

clear understanding of the areas of application and the problems to be solved.
This is a capability which various authors see as the most likely objective for
UDCs at least in the short-term future [Aguirre and Heredia(l982),
Fernandez(l983), Radnor(l982)].

Capability to produce- The final capability is that of self-reliance in the

production of microelectronics technology for both internal consumption and

exports. This entails the existence of a well integrated structure of R & D and

manufacturing activities which is capable not only of designing and developing
its own microcircuits but of absorbing and adapting the advances and products

produced in other countries as well. This capability is what various authors and

policy-makers see as the ultimate objective of a long-term microelectronics

strategy for UDCs [Aguirre and Heredia(1982), Fernandez (1983)]. The latter
would not mean, however, that UDCs must wait for the prior achievement of
an applications capability. Indeed, it has been argued that the development of
both capabilities should proceed simultaneously and in a complementary fashion

[01iphant(l982b),UNID0 Secretarial1984b)] (28).

Technically, it is plain that each of the levels of capability abovementioned
demands the availability of a different set of requirements in terms of know-
how, skills and infrastructure. Not all endogenous writers, however, identify the
same specific requirements but it is possible to suggest that for most of them
the key issue lies in the existence and/or the need for the formation of the

right kind of human resources (29). In this respect, infrastructural requirements

of microelectronics-based equipment for the power and communication industry and for
many other industrial and service activities. This called for a technical capacity for repair,
maintenance and, more importantly, for appropriate integration of the equipment
usedTUNIDO,1983a,p.13).
(27) There is a host of problems which are largely specific to UDCs and which, in the
absence of market incentives, may not receive any attention on the part of DCs' institutions
researching and developing microelectronics applications (UNIDO Secretariat,1981,1983a). Also,
Claeys (1983) provides an illuminating example in relation to health problems and the case
of microelectronics in biomedical applications.
(28) On the other hand, as it has been reported, "there is a strong opinion in some sectors
in developing countries to FIRST obtain the VLSI technology [capability to produce A.M.]
and THEN develop applications using the manufactured components" (01iphant,1982b,p.7).
(29) "Investment in human resources will be the most important key to realizing the benefits
of microelectronics" (UNIDO Secretariat,1983a,p.11).
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have received much less systematic attention but, as we shall see later on, some

authors have given a broad idea of what its content would be.

From the simpler to the more complex, the capability to operate, maintain
and service microelectronics-related equipment is seen as the least demanding in
terms of skills and know-how. The reason is not solely that this is the most

basic level but also that, as we saw earlier, microelectronics tends to incorporate

complex knowledge and skills into the products while at the same time

improving reliability and simplifying fault-diagnosis procedures - the latter being

particularly the case when a self-diagnosis capability is included in the product
(30). As regards infrastructure, a crucial factor is the availability of a quick
and easy access to replacement parts. As it has been pointed out, nowadays "an
easy replacement is possible in the developed countries but it is not so in the

developing countries" (Aslam,1981,p.4). All in all. every country should possess

this capability and the specific set of requirements will obviously depend on the
kind of products that are diffusing into the country.

The capability to apply microelectronics to UDCs' own advantage and

development purposes represents a major progress in comparison to the previous
level. Although microelectronics technology would still have to be imported, at
this level the technical requirements in terms of skills, know-how and
infrastructure become much more complex, specially if we consider the

development of new products where an important degree of innovation is
involved. In practice, however, the specific demands will vary in accordance with
the kind of applications to be developed. Thus, relatively simple applications and

applications into existing products and processes which are better known locally
are seen as the most convenient starting point for the development of an

applications capability in UDCs [01iphant(1982a,1982b), Lund(1982a,1982b),
Fernandez(l983), Radnor(l982)].

On the other hand, more complex applications, meaning either a significant
alteration in a product or process characteristics or the generation of new

products altogether, are seen as the subject of a more advanced stage which
should grow out of the more simple applications abovementioned. At this more

(30) The relative simplicity, however, should not veil the problems actually involved in
acquiring this capability. Radnor(l982) has argued that the experience shows the existence of
considerable difficulties in the transition to generating the new skills needed to provide
service.
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complex level, UDCs would be capable to generate by themselves products and
processes to improve much needed social services and infrastructure, to increase

efficiency and productivity in all sectors of the economy and also to create and

improve competitiveness in the international markets [UNIDO Secretariat(l983a),
Radnor(1982)].

Of course, at this level of applications, the know-how, the skills and the
infrastructural requirements increase considerably in complexity. At least the

following elements are required,

a) A much deeper understanding of the characteristics of microelectronics

technology and hence a stronger electronic engineering capacity.

b) A software capability to enable an optimum utilization of the hardware in
accordance with the local demands and conditions (31).

c) Specialized engineering capacity to enable a deep understanding of the
characteristics of the actual systems (i.e. products and processes) to which
microelectronics is to be applied.

d) An R&D capability to bring about applications adapted to local conditions
as well as to open up new areas of products and processes which are relevant
to UDCs' needs.

e) A supporting infrastructure which would include "consistent electrical power,

telephone data links, part suppliers, machine shops and installations, service and

repair agencies" (Lund,1982b,p.l2) (32).

(31) Various studies consider this capability as the key to successful applications capability.
For instance, in "the final analysis, the actual impact of microelectronics on developing
countries will be largely determined by their capacity to develop and apply software"
(UNIDO Secretariat, 1983a,p.ll). Also, "the key skills needed, once the applications have
been identified, are those for the creation of software" (Radnor,1982,p.l3). The specific
content of this capability has been described as follows, the " manpower required will
include programme designers, system analysts, data-base designers, programmers, controllers
and managers, in addition to the more basic specialists in operations research, mathematical
logic and scientific management" (UNIDO Secretariat,1983a,p.ll). See also Kopetz
(1984,1985).
(32) See also Ramaer and Pijs (1981). A broader meaning would include "an industrial
milieu which permits and provides microelectronics applications"(UNIDO
Secretariat,1983a,p.ll).
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It seems obvious enough that all these elements need each other for the

development of successful applications. That is to say. it is not merely their
presence or absence that would count but, of equally decisive importance, would
be the qualitative aspect of their integrated operation which, when taken into
account, alters considerably the extent of the real difficulties involved in the

development of an applications capability. However, the latter factor has not

always been accorded the prominence it deserves. Indeed, it is only a minority
of commentators who explicitly emphasize the importance of the systemic

integration and operation of the aspects abovementioned [Claeys(l983),
Fernandez(l983), 01iphant(l982b)]. Thus, in view of the latter authors, a given

country cannot content itself with a separate development of these aspects for,
without their integration, such developments will not be effectively translated
into a capability to apply microelectronics. In this respect, Fernandez (1983)
draws our attention to the need for new education and training programmes in
order to generate a new kind of manpower which realizes this integration as far
as possible (33). He also mentions the importance of spatial vicinity between
electronics industries, universities and R&D institutions in order to facilitate

communication and sharing of facilities.

Finally, the capability to produce microelectronics demands the integration
of a variegated range of know-how and skills which are specific to the process

of designing and manufacturing semiconductor microcircuits. This includes, for
instance, knowledge of metallurgy, fine and precision mechanics, high resolution
optics, physico-chemical processing (Mammana,1982) and, indeed, the know-how
and skills related to all the stages of the process of production of integrated
microcircuits. In turn, the latter process would include, firstly, the steps of

system definition, logic design,circuit design and mask design which are

considered to be manpower intensive and thought intensive. And, secondly, the

steps of mask fabrication, packaging and bonding, testing and production which
are considered to be intensive both in technical skills and sophisticated

equipment and facilities [Mason(1984), UNIDO Secretariat(l984a)].

(33) Lund (1982a,1982b), for instance, having studied the development of several
microelectronics-related innovations, concludes that along with a creative programmer the
otheT key person is the one he called the "design integrator", i.e., a person who has "a
substantial knowledge about the process to which the microprocessor was being applied,
expertise in several technical disciplines, and some understanding of electronics and
microprocessor technology" (Lund,1982a,p.6). In a similar vein, Oliphant (1982b) suggests
the need of an integratory factor between the user-base and the knowledge-base in
microelectronics applications.
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It is when a country possesses the technical ability to integrate all these
elements into an R & D and manufacturing capability able to efficiently produce,
absorb and adapt microelectronics products that most endogenous writers would
consider that country as having achieved the appropriation of microelectronics

technology. An important issue in this respect is the movement at the frontier
of microelectronics where the continuing increment in the number of components

integrated in one chip is constantly expanding the sophistication and the

complexity of both microelectronics products and the equipment necessary for
their production. In this sense, although discrete components and small scale

integrated circuits are an important part of the range of semiconductors, most
writers explicitly or implicitly consider that it is the technology of large scale
and very large scale integration (LSI and VLSI) that constitutes the ultimate
criteria of a truly self-reliant capability to produce microelectronics (34).

By and large, therefore, the above factors and elements constitute what

endogenous writers have identified in terms of the content of the capabilities to

use, apply and produce microelectronics. In this framework, it is clear that, in
accordance with their own degree of development and purposes, UDCs may

strive to achieve one or a combination of these capabilities. But, in the final

analysis, it is the appropriation and integration of the three capabilities that is

technically involved in the development of an IMC by a given country or

region.

1.2.1.1.2. IMC in UDCs: Societal Problems

Although not always made explicit, it is plain that in the view of most of

endogenous writers no spontaneous process will lead to the appropriation of
microelectronics technology by UDCs (35). After all, this is something which
does not even happen in DCs, as the implementation of various government

policies in these countries clearly illustrates (UNIDO Secretariat,1983b). In UDCs,
however, when we consider that the specific technical factors and elements
aforementioned are mostly non-existing or barely developed, the problems are

plainly much more acute. By and large, it is argued that in most UDCs the

(34) "The LSI's (Large Scale Integrated circuits) will be the building blocks of all future
electronic systems and as such they are crucial to any country which is interested in
electronics development" (Ramanathan,1981,p.l).
(35) "_if there is no clear direction, the arbitrary importing of the products of a new

technology from more advanced countries does not necessarily contribute to the attainment
of development objectives" (Aguirre and Heredia,1982,p.l0)
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following conditions deeply affect the development of a capability to produce,
apply and even use microelectronics.

a) Universities and other institutions of education and training are not producing
the manpower needed.

b) Research teams and institutions of R & D, when existing, are mostly
detached from industry and other spheres of applications.

c) Financial resources are limited.

d) Infrastructural support is weak so that there are problems, for instance, in
the availability of components or, at a more complex level, in the existence of a

good communication infrastructure.

These problems, however, are themselves seen as the result of a deeper
structural problem affecting UDCs" economies, namely, the weakness of the
market which means the lack of an effective demand for a national

microelectronics production that justifies all the risks and costs involved in such

enterprise [Ramanathan (1981,1981a), Herrera(1982)]. Local industry, it is argued,

generally prefers to buy the products of foreign manufacturers with the result
that the national market is effectively too small and the forces pressing for
results from universities and research institutions and even for trained technical

manpower are very weak [Filipello and Sagarzazu(1982) and Sethi(1982)].

In societal terms, therefore, it is clear to endogenous writers that, in the
final analysis, the major problem for UDCs is the prevalence of a fundamental
lack of dynamism, particularly in the electronics sector of these countries'
economies. This makes the problems abovementioned to remain hence, preventing
the development, let alone the integration, of the various aspects making up the

capabilities to use, apply and produce microelectronics. Thus, the real challenge
to these countries becomes how to generate such a dynamism and what should
be done for this purpose.

1.2.1.1.3. IMC in UDCs; Strategic Recommendations

In the light of the circumstances exposed above, for endogenous writers the
logical conclusion points to the need for a massive and conscious effort by the
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countries concerned in order to create the right conditions and directly encourage

the development of the capabilities to use, apply and produce microelectronics.

Consequently, most endogenous analysts agree in that there is a fundamental
need for planning and the implementation of a coherent programme of action

leading to the development of such capabilities (36). Although details may vary,

it is possible to say that, by and large, the most important aspects of the

strategy proposed by endogenous writers are as follows,

a) The state must assume the role of dynamizing factor in the development of
microelectronics by making use of its considerable power to encourage and create

the necessary conditions for such a development to take place [Galli et al
(1982), Mammana(l982), Aguirre and Heredia(1982)] (37). In particular, it is
recommended that governments should have a clear policy in terms of providing
financial resources and stimulating the formation of research teams and other

necessary manpower. Universities and other educational and training
establishments, R&D institutions should all be supported with this particular
aim. On the other hand, the considerable purchasing power of the state should
be fully used to create a demand for products geared to national needs or at

least having an important degree of national content [Herrera(l982), UNIDO
Secretariat(1983a), Lalor(l985)]. Likewise, through subsidies and other incentive
mechanisms, more favourable conditions should be created which would stimulate

the development of a national industry (UNIDO,198l). The generation of the

necessary infrastructural resources, particularly a communications infrastructure,
should also be the preoccupation of policy-makers and the state. In addition,

through legal means , control of the process of transfer of technology should be
exerted so as to ensure a better deal for the recipient country. In this respect,

the state intervenes directly to strengthen the bargaining position of national
industries on the one hand, and to control the process of imports on the other
[Herrera(1982),UNIDO Secretariat(1983a)]. Finally, given that awareness of the

importance of microelectronics is generally very low indeed, it is also
recommended that governments should implement monitoring programs and
awareness campaigns so as to bring the importance of the microrevolution to the

(36) "There is no substitute for useful planning, national initiatives and an aggressive but
prudent implementation of appropriate measures" (Aguirre and Heredia,1982,p.l0).
(37) In Mammana's view these efforts must be of a systemic nature. Thus, "the decision of
developing a complex technological field in the case of a given culture implies a systemic
effort that involves an industrial policy, a scientific policy, human resources development
and, of course, financial resources to sustain them" (Mammana,1982,p.6). A similar view
point is recommended in UNIDO (1982a).
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attention of policy-makers, industrialists, professionals and other people likely to

be involved in its development (Aguirre and Heredia.1982). Some studies propose

an even deeper and longer term approach to the problem of awareness in the

shape of projects such as the "computer literacy" project which should be

implemented from the early school years upwards [Kopetz(l984,1985),UNIDO
Secretariat(1983a)]. In the latter approach not just an awareness at the higher
levels but the familiarization of the whole of society is envisaged as necessary

for the effective appropriation of microelectronics technology (38).

b) Technical and economic cooperation between UDCs is to play a role of major

importance [Herrera(l982), Galli et al (1982), UNIDO Secretariat(l983a)] (39).
It is argued that, insofar as the costs and difficulties involved in the

development of a productive microelectronics capability will almost certainly be

prohibitive for most UDCs, what is needed is the implementation of a South-
South cooperation strategy whereby the burden is shared among the various
countries in pursuit of the same ends [Aslam(l98l),Hurtado(l982),UNIDO(l981)].
Thus, this strategy, which is seen particularly in the context of regional

integration (40), would help to improve conditions as much in terms of financial
and technological resources as in terms of the effective market needed for the

production of microelectronics products (41). Besides, it would also serve to

strengthen the bargaining position of UDCs vis-a-vis DCs.

c) Finally, given that microelectronics technology is in DCs' hands, the latter
countries are called to support the development efforts of UDCs by freeing its

(38) This familiarization, however, entails a much deeper cultural change than it is often
acknowledged. For as Hurtado argues in relation to the "technological illiteracy" affecting the
appropriation of satellites communication technology by UDCs, a major problem is that
"Primary and secondary education are still geared to instilling "general culture" rather than
to developing specific skills or a scientific outlook"(Hurtado,1982,p.l4). Mammana points to a
similar problem when he says that to achieve the position of technology producers "the
developing countries must face the need for the absorption or creation of cultural
components at present lacking and in many cases components that are not well matched
with the cultural structure of society" (Mammana,1982,p.2).
(39) Although critical of the main tenets of the endogenous approach. Wad (1982) also
considers of the most crucial importance the role of South-South cooperation in UDCs'
strategies to face the challenge of microelectronics.
(40) Aguirre and Heredia (1982) gives a detailed account of the framework for regional
cooperation provided by the Cartagena Agreement for the countries of the Andean region. In
addition, a Latin American programme for cooperation in microelectronics has been proposed
and its already in its process of implementation. See UNIDO (1982a), UNIDO Secretariat
(1985,1985a), Fernandez de la Garza and Octavio (1985).
(41) Herrera (1982) proposes the formation of a "Latin American bank for the promotion of
electronics development" (Herrera,p.6).
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access or by effectively encouraging its transference (42). In this context, one

argument is that it is in the interest of DCs' firms, specially small and medium
sized ones, to provide assistance to UDCs (Radnor,1982). On the other hand,
Sherman (1979) gives an important role to trade unions in DCs, while a

different proposition, although not necessarily in opposition to the previous ones,

argues for a crucial part to be played by international organizations not only as

a forum for studying and discussing the problems facing UDCs' attempts to

appropriate microelectronics but also as an institutional link to organize and

promote the transfer of technological and financial resources to the Third World
[UNIDO(l981.1982a), Aslam(l981)] (43). A similar role has been suggested for
other non-profit making DCs* organizations which have made it their specific aim
to seek that UDCs should have an early access to the benefits of

microtechnology (44).

In summary, it is possible to say that the main concern of endogenous
writers has been with both the factors and elements associated to a

microelectronics capability and the internal problems of UDCs themselves in

facing the challenge of appropriating such a capability. As regards the former

aspect, an important contribution of these studies has been the distinction and
characterization of three different levels of capabilities which are involved in the

(42) In The "World Challenge, Servan-Schreiber argues that "...Telecommunications,
microprocessors and their tendency to converge in the new creative process should be placed
freely and completely at the disposal of Third World people - so that they can become
creators themselves". (Servan-Schreiber,1980,p.268). On the other hand, quite unique is
Filipello and Sagarzazu's position who think that thanks to developments such as satellite
communications "it is inevitable that the developed nations—should make available to the
developing countries one of the most essential tools for closing the technology gap - namely,
information" (Filipello and Sagarzazu,1982,p.2).
(43) It is interesting to note that at this level various initiatives are already under way.
The UNIDO Programme of Technological Advances, for instance, has sponsored many
activities including the implementation of specific operational technical assistance projects in
various countries (UNEDO Technology Programme,1983,1984). In addition, UNIDO has also
designated microelectronics as one of the "technologies for humanity", that is, one of the new
advanced technologies which because of their importance to "meet particular needs of clear
urgency to the human community should be developed and disseminated in the public
domain" on the basis of a broad effort of international cooperation (UNIDO
Secretariat,1984b,p.1).
(44) Amongst the most well-known are The World Centre for Microelectronics and the
Human Resources with base in France, the United Kingdom Council for Computing
Development (UKCCD) with base in England and the Volunteers in Technical Assistance
(VITA) with base in USA. For reports about the World Centre's aims and activities, see

Dray and Menosky (1983), Roper (1983) and Walsh (1982), about the UKCCD, see Bogod
(1982), UKCCD (1981,1984) and about VTTA's programme, see James (1982) and Norman
(1984).
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problem of an IMC in UDCs. The capabilities to use, apply and produce
microelectronics must all be seen as fundamental constituents of an interrelated

complex: the EMC. On the other hand, as regards the second aspect, the main
contribution of endogenous studies has been to show that the weakness of the

necessary infrastructural requirements and the underlying lack of dynamism in
the economy - particularly in relation to the electronics sector - both constitute

major internal problems for the UDCs' prospects of acquiring an IMC for
development purposes. In this respect, the crucial role of the market and the
state in the realization of such prospects have both been clearly highlighted in
this school of thought.

There is, however, a major shortcoming in the framework of analysis of

endogenous writers, namely, their almost complete overlooking of the social and
historical issues involved in the problem of developing an IMC in UDCs. Such
a shortcoming has manifested itself, specifically, in two ways.

a) The abstraction made of the historical context characterising the development
and diffusion of microtechnology in the current phase of development of the
world capitalist system. Consequently, hardly anything is said about the major
trends and contextual limitations and possibilities which UDCs will have to face
in any attempt to develop a microelectronics capability.

b) The abstraction made of the social nature of microtechnology and its process

of development. Consequently, this technology is dealt with mostly as a neutral

body of knowledge and hardware while the societal conditions and factors are

dealt with as externalities, as mere obstacles in the process of appropriation of
such a socially-abstracted technology.

In the final analysis, these two shortcomings have led endogenous
commentators to offer a rather simplified interpretation of the problems involved
in the development of an EMC in UDCs. Hence, for instance, the naive
recommendation of some of these analysts that developed countries should hand
over microtechnology to UDCs due to its enormous importance for development.
In this respect, as the analysis of the exogenous approach will show, this and
other similar suggestions can only be the result of an approach which greatly
ignores the social and historical nature of the process of technological
development. In the course of the present thesis, we intend to show that the

problems involved in the development of an IMC are more complex than the
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endogenous commentators actually believe.



1.2.2. Issues Related to the Development of an IMC in UDCs: The
Exogenous Approach

The main concern of exogenous writings has been to analyse the likely

implications of microtechnology upon the international division of labour in

manufacturing and to a lesser extent upon the development process of UDCs in

general. In this context, the position and the alternatives opened to UDCs are

discussed but, as we shall be able to see, the latter almost invariably assume

that the UDCs have hardly the possibility of actually harnessing and

appropriating microelectronics technology. In this respect, it is possible to suggest

that the bulk of the discussion centers primarily on the issue of how can UDCs
counteract as much as take advantage of the implications of microelectronics
rather than on the issue of what is involved and how can UDCs appropriate
and harness microelectronics technology.

From a theoretical point of view, exogenous writers do not represent an

homogeneous block. Indeed, on their respective analyses they have not only
drawn from diverse theoretical sources but they have sought to develop their
own frameworks in the face of the limitations of existing ones. Kaplinsky's

writings (45), for instance, give much prominence to the role of long-wave

cycles (46) and the movements of the rate of profit in the process of capital
accumulation in his analysis of the current crisis and the diffusion of

microtechnology. At the same time, he points to the inadequacies of the current

theories of international trade in explaining the pattern of technology transfer
and direct foreign investment underlying the important growth in manufactured

(45) See bibliography.
(46) The long wave cycles theory although much in fashion in recent years has indeed a

long history. Its origin goes back to the beginning of the present century (Freeman,1979) but
it is generally associated with the writings of the Russian economist Kondratiev (1979) hence
it is often referred as Kondratiev's waves theory. Basically, the argument is that there are

long-wave cycles of economic activity which, historically, have lasted for about 50 to 60
years. Within this period there is an expansionary upswing and a recessive downswing of
roughly the same duration. Various authors have attempted to provide a empirical dating
and causal explanations [for a review see Kleinknecht (1981) and Freeman et al (1982)] for
these long cycles of economic activity and it is by and large agreed that the current crisis
corresponds to the downturn period of a cycle whose upswing started after World War II.
Kaplinsky's approach follows the Schumpeterian argument provided by Freeman et al (1982)
which explains that that each cycle is characterized by the development and diffusion of a

major "heartland technology" (Kaplinsky, 1984a). During the first 25 years of post-World
War II expansionary upswing, the expansion was associated with the introduction of new

products based upon the heartland electronics technology. Whereas the downswing phase
which started to speed up by 1971-1973 has been associated with large scale rationalization
of investment and cost-saving process innovation. For an extended discussion of these issues
see Kaplinsky (1982b,1982d).
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exports by UDCs (47). On the other hand. Ernst's writings pay no attention
whatsoever to the relevance of the long-wave cycles theory and, in fact, he
criticises the approach as being basically mono-causalistic and technological
deterministic (48). In the view of this author, problems such as the current

crisis, the restructuring of the world industry and the development and diffusion
of microelectronics can be better understood within a framework that focuses

primarily on the importance of two factors: "the modes of capital accumulation

prevailing in a specific historical and geographical context and the related changes
in the social relations of production, particularly in the work relations"
(Ernst,1981b,p.295). In this respect, he argues that the mode of capital
accumulation aiming at the rationalization of the use of labour may have been
the most favoured mode until recently but it is only one of the alternatives
open to capital and one which has become increasingly obsolete. He therefore
criticises the new-international-division-of-labour theory (49) for giving an

invariably dominant weight to the explanatory role of low-cost labour in the
industrial restructuring and international location patterns associated with the

(47) Kaplinsky (1981) not only criticises the more rudimentary neoclassical model of
Heckscher-Ohlin [Heckscher(l919) and Ohlin(l933)] but also the more recent product cycle
theory [Vernon(l966,197l), Wells(l969)] ■which attempts to bring into a single framework
the role played by both technology and direct foreign investment in the occurrence of
international trade. The central contention of the latter theory is that, given the existence of
a technological gap and differential labour costs between DCs and UDCs, the life of a

product follows definite stages from its initial to its standardised production. These stages
would be associated with locational strategies by the producers (basically TNCs) and it
would be in the latter part of the cycle (standardization) when the installation of
production sites in UDCs becomes advantageous. According to Kaplinsky (1981), however,
this theory would not explain the "phenomenal growth in manufactured exports by the NICs
over the last fifteen years... since the technological gap and differential labour costs existed
long before...[this growth A.M]...began in the mid-1960s" (Kaplinsky,. p.90).
(48) The "attempts to link innovation to the business cycle, particularly Freeman's theory of
the Kondratiev cycle" constitute a new form of technological determinism, a mono-causalistic
approach (Ernst,198 lb,p.285).
(49) See, for instance, Frobel et al (1978,1980). The basic argument of this theory has been
put as follows: "it is the changed conditions of capital expansion - the existence of a

practically unlimited supply of cheap labour in the underdeveloped countries on one hand,
and the provision of transport, communication, organization.and new process technologies on
the other - which have given rise to the current growing industrialization in the Third
World" (Frobel et al,1978,p.24). In other words, the technological conditions would have
made possible for TNCs to locate in the Third World, but the ultimately determining factor
was the exploitation of the unlimited supply of cheap labour. According to Ernst (1981b)
by giving to the latter factor an invariably dominant role the theory fails to comprehend
the complex interplay of conditioning factors and their change over time.Thus it ignores, for
instance, the equally decisive role of effective demand and the fact that other modes of
capital accumulation may become dominant under different circumstances. Along the
rationalization of the use of labour, Ernst (1981b) mentions two other modes of
accumulation: rationalization of constant capital and rationalization in the use of intangible
production inputs, the so called information ot knowledge inputs.
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growth of manufactured exports from UDCs. Both Kaplinsky and Ernst,
however have a great deal in common, particularly as we consider Kaplinsky's
latest writings (50). Not only do they both assign a crucial importance to the
movements of the rate of profit as a determining factor in the process of capital
accumulation and, consequently, in the pattern of investments and technological
development but, also, they both argue that technology is in fact the product of
the social relations characterising a particular society and hence, an instrument
of domination by those who possess it, i.e., the dominant capitalist classes in
control of the process of production and capital accumulation (51).

Other exogenous commentators have been much less concerned with the
social issues behind the emergence and diffusion of the microtechnology (52).
Instead the emphasis has been more on the characteristics and the role of the

technology itself in bringing about important alterations in the international
division of labour and other factors relevant to the process of development of
UDCs (53). Rada's writings, for example, give technology a crucial role in

shaping the pattern of international division of labour and suggest that, in the
current context of world distribution of science and technology resources,

microtechnology in particular has the potential to worsen the position of UDCs
vis-a-vis the developed world (54). In a similar fashion, Jacobsson's and
Hoffman and Rush's case studies on the machine tool industry and the garment

industry respectively also focus primarily on the determining role of technology
and innovation in altering the comparative advantages and hence, the
international competitiveness of given firms (55). In this regard, the latter

(50) See for instance Kaplinsky (l984b,1985).
(51) "...we reject the perspective that technology determines social - relations, for technology
is, itself, a -product of social relatums." (Kaplinsky,1985,p.423). "Today technology has become
a major instrument of domination...Yet...The motor of the system is not technology, but
social and political change." (Ernst,1980,p.5)
(52) See, for instance, Hoffman and Rush (1980a,1982), Jacobsson (l982b,1985) and Rada
(1980a,1982b).
(53) For instance, "control of technology has often led to the control of development, the
definition of its aims, and the determination of its aims" (Rada,1982c,p.5). Such kind of
emphasis on the role of technology is criticized by Ernst (1981b) who argues that
technology and the control over the relevant innovative capacities conditions but does not
determine by itself the development of social and economic processes.

(54) "Concentration of the manufacturing and services capabilities of information technology
in a few companies and countries makes the danger of growing dependency greater due to
the all-pervasive character of the technology and the fact that electronics is becoming a

convergence industry" (Rada,1981,p.57).
(55) See bibliography. Hoffman and Rush (1983a), however, do introduce a "long-wave
cycles" explanation to the current economic crisis and argue that the diffusion of automation
technologies must be seen as a response to the crisis as much as having an important effect
on it.
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writers do not seem to question the social nature of microtechnology and see its

adoption by UDCs as a crucial factor to maintain and even increase international

competitiveness.

Within the perspective of their particular theoretical frameworks, however,
it is safe to say that in the view of all exogenous writers there is no doubt
that technology certainly plays a crucial role in the development process of

particular societies both at national and international levels. Further, it is a

common view that, particularly, the diffusion of microtechnology is likely to

alter considerably the shape of this process in the years to come. In the

following, we shall examine some of the most relevant issues discussed by

exogenous writers with regard to UDCs. This will give us an insight into the
context and the problems that these countries will have to face in tackling the

implications of microelectronics.

1.2.2.1. The Context and the Implications of the Diffusion of
Microelectronics for the Third World

As we have already indicated, both Kaplinsky's and Ernst's v/ritings seek
to put the understanding of the implications of microelectronics for UDCs within
the broader context of the social and economic relations characterising the
current phase of development of capitalism. Most particularly, they focus on the
current crisis at the centre of the world capitalist system (56) (i.e., the

developed countries) and argue that both the diffusion of microelectronics and,
more generally, the restructuring of world industry is primarily an answer to

the crisis and the new tendencies which have come to characterize the process of

capital accumulation at a global scale. As such, Kaplinsky (1984b) rejects the
idea that the crisis and the consequent slow down of growth has its roots in
the diffusion of microtechnology. Thus, the "more conventional view that
automation technology (by displacing labour) causes crisis should be turned on

(56) Data about the decline in the economic performance of the industrialized economies
abound. Suffice it to cite here the following from a UNIDO study: "Economic growth in the
developed market economy countries has slow down drastically. The annual growth rate of
GNP in the major industrialized market economies (North America, Western Europe and
Japan) fell from five percent during the decade 1963 to 1973 to two and one half percent
during the six-year period 1973-1979. The fall in demand was particularly pronounced as

regards gross fixed investment, the annual growth rate of which fell from six to one percent
from one period to the other...[In addition A.M]...The unemployment rate of the seven major
OECD countries rose from just above three percent in 1970 to almost six percent in
1980...For the OECD area as a whole unemployment reached 23 million or 6.5 percent in
1980" (UNIDO,1982b,Vol.I,pp.l7-18).
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its head: instead the development and diffusion of the technology should be
seen as a response to economic crisis" (Kaplinsky,p. 169).

In fact, in both Ernst's and Kaplinsky's view the causes of the crisis lie
deep in long-term structural factors which have combined themselves to bring
about a significant fall in the rate of profit at the center of the capitalist world
(57) thus making the implementation of specific patters of innovation a

necessary development [Ernst (1981a,1981b), Kaplinsky (1982d,1984b)]. Among
the major factors identified by both authors are:

a) The rising costs of production due to the increase in energy prices but, above
all, due to the increase in the cost of labour resulting from the policies of full
employment, welfare state and consequent strengthening of the trade union
movement that followed World War n.

b) A saturation of the market for major durable consumption goods (e.g., cars

and TVs) and a reduction in the demand for products of the growth industries
of the postwar expansionary period (e.g., chemicals and metal industries).

c) New patterns of international competition expressed, most importantly, in the

growing challenge to the USA's hegemony on its own market as well as on the
world markets by Japan and Europe, particularly West Germany. Of lesser

importance but still relevant was the emergence of the Third World newly
industrializing countries (NICs) (58) challenging the markets for products of
more traditional industries (i.e., textiles and garments, shoes and leather
products).

(57) For data showing that the erosion of industrial dynamism in OECD countries has been
associated with a significant and lasting decline of gross profits and rates of return, see
Ernst (1981b) and Kaplinsky (1984b). The data further shows that profits had already
started to decline before the first oil-shock of 1973.

(58) The definition of NIC is by no means a clearcut matter. Chudnovsky et al (1983), for
instance, mean by NICs "those countries which in the past couple of decades have built up a
substantial industrial sector." (Chudnovsky et al,p.224,note 1). These countries would be
Argentina, Brazil, China, India, South Korea, Mexico, Singapore and Taiwan. On the other
hand, in his study on NICs, McMullen (1982) defines them as that small group of Third
World nations which have joined the ranks of significant exporters of manufactures. In
relation to the previous list, he excludes China but includes Hong Kong. Finally, a UNIDO
study takes the NICs as that group of countries "which has carried out extensive
programmes of industrialization which are progressively leading them to evolve patterns,
attitudes, and forms of economic behaviour convergent with those of the countries of the
North." (UNID0.1983c,pp.4-5). Here, China is also excluded but Hong Kong, Pakistan,
Malaysia and Yugoslavia are included.
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By and large, these are seen as the major factors behind the current
economic crisis and, ultimately, the widespread diffusion of microelectronics as

the efforts to restructure the world industry on new technological basis gather
momentum. As Kaplinsky (1982d,1984b) puts it in the context of long-waves,
the first 25 years following the end of World War II saw the expansionary

upswing with electronics technology being developed mainly in the form of
products but now we are in the rationalizing downswing phase of the cycle
with electronics technology diffusing in a widespread fashion throughout the
technical base of society. The crucial point, however, is that, under the
circumstances depicted above, such a development and diffusion of
microelectronics is now taking place in a context of supercompetition (Kaplinsky,
1984b) where the dominant features are a very rapid pace of innovation
manifested in the shortening of products cycles (59) and the ever increasing
search to capture the systems gains made possible by microelectronics. This in
turn is leading to specific developments in the economics of the electronics

industry where there is not only a strong tendency to quickly amortize the
enormous costs of rapid technological innovation by exporting some of the

technology (Ernst,1985) but also a strong tendency to horizontal and vertical

integration and hence greater concentration and centralization of capital

[Kaplinsky(l984b), Rada(1982b), Ernst(1981b)] (60).

The picture emerging from DCs, however, is only part of the story. To
understand the likely implications of microelectronics upon UDCs we need not

only to know the developments taking place at the center of the world

capitalist system but also to know the major features characterizing the position
of UDCs themselves within the latter system. In this' respect, the following

major features have been distinguished by exogenous commentators:

a) The significance of the export-oriented strategies based on global comparative

advantages which have dominated the industrialization efforts of many UDCs
since the 1960s [Hoffman and Rush(l980b). Kaplinsky(1982d)]. These strategies
have relied on both the attraction of direct foreign investment via the offer of

special concessions and a cheaper and more docile labour force and an active

policy of government in support of local industry. As a result, in the last two
decades, the world has witnessed a significant increase in the participation of

(59) Jacobsson (1983) shows a reduction from 8 years in 1974/75 to 3 years nowadays in
the lifetime of a basic design of a CNC lathe.
(60) This tendency seems to be taking place in other industries using microelectronics as
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UDCs in the global industrial output and trade of manufactured goods (61).

b) The high concentration of this growth in a minority of UDCs. namely, the
NICs, and the related fact that it is the most traditional labour-intensive

products (i.e., textiles, garments, shoes and leather goods) which account for the

largest share in the total exports of UDCs' manufactured goods

[Kaplinsky(l980), Hoffman and Rush(l980a)] (62). Along with these traditional

products, however, some countries have also started to move up the

technological ladder by producing and exporting more technologically complex
products such as capital goods [Kaplinsky(l982d), Hoffman and Rush(1980a)]
(63).

c) The major role played by transnational companies (TNCs) in the international
economic system and, particularly, in the success of the export-oriented strategies
of industrialization (64). In this sense, particular attention has been given to
the case of the electronics industry (mainly components and consumer goods)
where the internationalization of the process of production (65) has been a

prominent feature of the locational strategy of DC firms seeking to exploit UDCs*
comparative advantages as a way of counteracting the falling tendency in the
rate of profit [Hoffman and Rush(l983a), Kaplinsky(l984b,1981)] (66).

well. At least this is the case of the CNC lathe industry as Jacobsson (1983) reports.
(61) It has been estimated that the participation of UDCs in world manufacturing value
added has increased from around 8 percent in 1963 to approximately 12 percent by 1983
[UNID0(1984), UNCTAD(l98l)]. Also in total value, UNIDO (1983b) has estimated that
exports of manufactures from UDCs to developed market economies has increased from 1.9
to 58.2 billion dollars between 1963 and 1980. An annual growth rate of approximately 15
percent.
(62) In 1976 only 8 countries accounted for 47 percent of the industrial production of
UDCs and around 85 percent of their exports of manufactured goods (OECD.1979). In
addition, in 1978, traditional manufactures accounted for the largest share (55 percent) of
the developed countries imports of manufactures from UDCs. From these, textiles and
garments contributed 48 percent (Kaplinsky,1982c).
(63) Jacobsson (1983), for instance, shows that the UDCs' share of the USA market for
engines lathes reached 18 percent in 1980 [see also Hoffman(l983)]. Nevertheless, as Hoffman
and Rush (1980a) have noted "the bulk of their [UDCs' A.M.] engineering and electronics
consumer exports is to other ldcs (less developed countries A.M.)" (Hoffman and Rush, p.52).
(64) "...a large share of this growth in exports of manufactures from LDCs was 'managed'
by DC firms, either via production in affiliates abroad or through specific subcontracting
arrangements with LDC firms" (Kaplinsky,1981,p.82). For instance, US subsidiaries alone
account for one third of all Latin American exports and half the Canadian and Mexican
exports (Kaplinsky,1980)
(65) In this process, "..only the labour-intensive parts in the production process are
undertaken in LDCs. Such developments have been assisted by particular customs provisions
- notably items 807 and 806.30 in the US - which allow for duties only on the value-
added abroad component of imports"(Kaplinsky,1981,p.82).
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d) Finally, in a more general context, the highly uneven distribution of the
world resources in science and technology and, more specifically, of the
information structural resources which are bound to have an ever more

important role for the process of development of every society (Rada,1982d)
(67). In this respect, the crucial point that has been noted is that not only is
the whole of industry likely to move towards the 'high technology category",
strongly oriented towards R&D and software, but also the entire information
structure is likely to undergo major changes affecting the production and the
forms and means of information flows nationally and internationally
(Rada,198l). In the latter respect, see also Mattelart (1985).

The features and trends we have just examined, therefore, all form the
historical context within which the likely implications of microelectronics for
underdeveloped countries have been analysed by exogenous commentators. As we

said earlier, the issue which has received the greatest attention has been the

likely implications of the new technology for the role of UDCs in the
international division of labour. Most particularly, the focus has been on the
future of the export-oriented strategies of industrialization pursued by UDCs
since the 1960s and hence, on the problems of UDCs' comparative advantages
and TNCs locational strategies which have been associated with it. Let us see

the main conclusions which have been arrived at, bearing in mind that to an

important degree they are still tentative interpretations of developments

currently taking place.

a) Microelectronics is most likely to diffuse first in DCs (68) and its science-
based development is increasingly geared to the exploitation of the systems gains
offered by the inherent capacities of microelectronics (69). It is highly doubtful

(66) "One of the most important factors which underlie the "apparent" success of electronics
exports from less developed countries is the extent to which these exports are under foreign
control...[in A.M]...the electronics sector...the combined value of exports by wholly owned
subsidiaries and joint ventures was equal to 70 of total electronics exports from South
Korea in 1975, 99 from Singapore in 1975, and over 90 from Argentina in 1979"
(Hoffman and Rush,1980b,p.295).
(67) "...much of the computer power and information processing industry is in the advanced
countries, particularly in the United States. This concentration of 'information intensive
sectors' or informatic power in few countries reinforces the imbalance between developed and
developing countries, which is evident in the trade of tangible goods" (Rada,1982d,p.232). See
also O'Connor (1985).
(68) This is not only because the close organic links required between suppliers and users of
radically new technologies exist mostly in DCs but also because in UDCs many times there
is not even awareness of the existence of these technologies. (Kaplinsky,1982b,1982d).
(69) For instance, for the case of the electronics industry Ernst (1985) argues that "...Today,
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that UDCs will be in a position to take advantage of these developments and as

a result the technological gap between them and DCs is bound to increase (70).
On the other hand, specifically in relation to the production and distribution of
information, Rada (1981) sees that without a radical alteration in the current

position of UDCs, the world is bound to become increasingly divided between
those countries which are information 'rich' and those which are information

'poor'. As a result the cultural identity and diversity of the latter countries
will come under severe desintegrating pressures.

b) As microelectronics diffuses. Third World comparative advantages based on

low-cost labour are likely to be significantly eroded (71). However, UDCs may

be able to counteract this tendency by applying themselves microelectronics.
Indeed, in those areas where they are short of skilled labour, this application
may even increase UDCs* comparative advantages [Jacobsson(l982b),
Hoffman(1983,1985a)]. This would be possible, however, as microelectronics
continues to diffuse in piecemeal fashion but it is seen as highly unlikely as the
diffusion of systems gathers momentum (Jacobsson,1982b). In the long-
term, therefore, the trend is for a reversal of comparative advantages in favour
of DCs, with the result that the high income markets of these countries will
become increasingly difficult to penetrate. In addition, as a result of the crisis
and high unemployment these markets have become already subject to

protectionist barriers which are likely to stay and even increase due to the
social pressures generated by unemployment (72).

c) Given the trend to a decline in the relative importance of labour in the

computer-based automation is still applied in a piecemeal fashion in the electronics industry
though full integration would seem to be feasible within the next fifteen years"
(Ernst,p.335). Likewise, for the case of the apparel industry, Hoffman and Rush (1982)
says "...the trends in technical change and the expectations in the industry are unmistakably
oriented in the direction of increasingly comprehensive systems development" (Hoffman and
Rush,p.40). See also Rada (l982d,1982a) and Kaplinsky (1984b,1985). A different aspect of
the systems development now taking place is the increasing penetration of the area of
electronics systems and subsystems by components materializing ever higher levels of
integration (Rada,1982b).
(70) "...as the heartland electronics technology has begun to diffuse in DCs, so the
technological gap between DCs and LDCs (which appeared to close somewhat in the 1960s
and 1970s) has begun to widen once again" (Kaplinsky,1982d,p.26). See also Rada (1980a
1982c) and Kaplinsky (l982d,1984a).
(71) This is a conclusion shared by most exogenous writers. See Kaplinsky (I981,1982d),
Rada (l980a,1982d), Hoffman and Rush (1980b, 1983b) and Jacobsson (1979).
(72) These trends have been well-documented by the different authors. See Hoffman
(1983,1985), Hoffman and Rush (1983a,1983b), Kaplinsky (1980,1981,1984a) and Ernst
(1981a).
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overall costs of production as a result of increasing automation, a redeployment
of TNCs* production facilities in the UDCs back to the industrialized countries
has emerged as an important option. In this respect, most of the attention has
focused on the electronics and the clothing industries and although it is

acknowledged that offshore location by TNCs actually depends on various
factors aside from labour costs, some observers have suggested that signs of such
a reversal could already be perceived, particularly in the electronics industry
(73). Other observers, however, argue that such a reversal for the case of the
electronics industry is unlikely to take place given the extent and depth already
attained by the process of internationalization of production (Ernst,1981b,1985).
Ernst (1985) in fact argues that any conclusion about redeployment back to DCs
has proven to be premature and that, as new sites are being opened in UDCs,
this process will continue in the context of a rationalization of the international
network of production facilities (74). Recently, however, Kaplinsky (1985)
argues that there is a strong tendency at work demanding the geographical
concentration of facilities so that "...The existing pattern of globally widespread,

vertically integrated enterprises is likely to be supplanted by geographically
proximate plants, with closely coordinated product development, production and

delivery-schedules" (Kaplinsky,1985,p.433) (75). In addition , various European
countries are now offering similar incentives as UDCs in order to attract the
location of production facilities to their soil (76). There is therefore a strong

competition and, although not decisively clear yet, a relocation back to DCs is

(73) "The rate of plant reallocation will depend on the investment policy, amortization and
financial constraints of each company. It is clear, however, that the trend is well under
way" (Rada, 1981,p.50). See also Rada (1980a), Kaplinsky (1981), Ernst (1981a) and Oldham
(1977) who was one of the first to suggest this view. For the case of the apparel industry,
Hoffman and Rush (1982) reports that "Although it has not happened yet, to any great
extent, there is a feeling among the large producers that a large share of offshore production
will be brought back" (Hoffman and Rush,1982,p.40) See also Rada (1980a) and Hoffman
and Rush (1983a).
(74) "Given this high degree of internationalization...a rapid retreat by the industry to less
internationalized modes of electronics manufacturing is not really conceivable at present...the
key issue is that in electronic components, as much as in consumers and in industrial
electronics, automation and industrial redeployment to developing countries are not
alternatives anymore. Rather, they are taking place as complementary processes, with
automation increasingly becoming the driving force." (Ernst,1985,pp.342 and 343).
(75) This fact would be associated with the evolution of best-practice production into a

pattern that Kaplinsky (1985) terms systemofacture. "This comprises two related sets of
developments. First is the adoption of intra-firm systemic technologies. These involve a series
of electronics-based automation technologies, facilitating internal economies through the
linking of digital logic control systems with appropriate technologies for intercommunication."
(Kaplinsky,1985,p.433). The second set of developments is the geographical concentration
aforementioned. Evidence regarding the latter aspect is found in Hutchins (1986).
(76) "The largest investments in integrated circuits (outside the companies' own countries)
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still a serious alternative. The latter is a position also supported by both Junne
(1986) and Olle (1986).

d) Export oriented strategies of industrialization relying on cheap and docile
labour and the penetration of DCs' markets seem to have reached a point of
exhaustion.The success stories of the 1960s and 1970s are not likely to be

repeated by other UDCs in the present conditions of crisis and restructuring of
the world industry on new technological basis (77). The period which saw the
rise of the NICs was one of expansion in the world economy. Today the
conditions are totally different with slowdown in world trade, DCs' markets
increasingly protected and most UDCs under the heavy burden of a huge debt.

e) An increment in South-South trade in technology is likely to take place as

the DCs' technology becomes more systems-based and progresses more and more

towards automation (Kaplinsky, 1984a,1984b). This is because UDCs will have
serious difficulties to effectively exploit the benefits of the technology so that the
latter will become increasingly inappropriate to the solution of most of these
countries' technological problems. Hence, the technology developed in UDCs is
likely to improve its demand in the markets of the Third World, particularly in
the area of non-electronic capital goods. Kaplinsky (1984a) already sees evidence
of this process happening (78).

f) For purposes of their own development UDCs need to make use of
microelectronics and to control its process of diffusion [Jacobsson(1983),
Ernst(1985). Kaplinsky(1982c)]. Otherwise, not only their comparative

advantages to compete in the international market will be inexorably undermined
but, most seriously, the overwhelming concentration and control of the

technology in DCs hands will mean major problems in terms of technological
and cultural dependency and a host of other negative effects such as

employment, balance of payments and income distribution problems
(Rada,1980a,1982d). Recently, however, Kaplinsky's view is that, in the shape of
its current development, microtechnology is becoming increasingly irrelevant to
the mass of the people of the Third World who live in miserable conditions.

have taken place in Scotland in the last three years" (Rada,1982c,p.l3).
(77) See Hoffman and Rush (l980b,1983a), Kaplinsky (I981,1982d, 1984b) and Jacobsson
(1983).
(78) "...the past two decades have already reflected this trend, since the share of low-income
LDCs merchandise exports going to other LDCs rose from 27 percent in 1960 to 40 percent
in 1980" (Kaplinsky,1984b,p.163).
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Nevertheless, he argues that its diffusion will continue into these countries as

governments and the capitalist class strive to maintain the export oriented
strategies and the military demand more sophisticated weapons

(Kaplinsky,1984b). It has to be kept in mind, however, that the technology in
itself has an enormous potential to benefit UDCs: it can help to improve the

efficiency of government and policy-making, the educational system and also the
science and technology system of these countries, if only Third World countries
can use it in accordance with their own cultural conditions and identity

(Rada.1981).

It is in this context that the attention of exogenous writers turns towards
the internal possibilities of UDCs and to what they can achieve in the face of
the tendencies just described. This discussion leads us to examine the
contribution of these writers to the problem of indigenous microelectronics
capability in UDCs.

1.2.2.2. Indigenous Microelectronics Capability in UDCs: Factors,
Elements and General Recommendations

The immediate point that we must raise in dealing with IMC in the
exogenous literature is that the approach and consequent recommendations made

by most commentators is dominated by the notion that UDCs are hardly in a

position to appropriate microelectronics technology so as to achieve an

autonomous and self-reliant capability in this field. The strategic importance of
acquiring such a capability is well acknowledged [Ernst(1985), Hoffman and
Rush(l980a)] but the general idea is that in UDCs. nationally, "there is no

sufficient body of research and development experience, economy of scale,
financial strength or market to make advanced technology viable"
(Rada,1982d,p.222) (79).

Certainly such a view is not without base, and clearly all the statistics on

the present world distribution of resources in science and technology, world
markets for electronics, R&D costs, etc., tend to support it. However, it is

possible to argue that a basically quantitative extrapolation of the current
situation is no substitute for careful analysis. Indeed, aside from being

historically static, a quantitative analysis cannot really bring out the social

(79) The alternative has been suggested that in order to acquire some productive capability
in specific aspects of microtechnology, the purchase of a DC supplier may be considered
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nature and the complexity of the issues involved in the problem of an IMC in
UDCs. But there seems to be another reason why, in view of exogenous writers,
UDCs would not be in a position to achieve self reliance in microelectronics, and
it lies in the terms of reference by which the appropriation of microelectronics

technology by UDCs is judged. In this respect, by referring to the international
market as the deciding factor, most exogenous writers implicitly acknowledge the
trends, shape and dynamism of the evolution of microelectronics in the DCs as

their ultimate model of microelectronics capability. In this way, the greatest and
latest exigencies are put before UDCs with the result that these countries may

never come to realise an IMC, whatever the progress made in this respect. At

any rate, the point is that, by not dealing systematically with the technical and
social issues involved in the UDCs' ultimate aspiration to actually appropriate
microelectronics for their own development purposes, exogenous writers have

clearly left this important area of analysis almost untouched (80).

On the other hand, as we already know, it is the view of these writers
that microtechnology cannot be ignored and must and could be used and applied

by UDCs. Consequently, as we shall see below, it is possible to find in the

exogenous literature some clear reference to a number of factors and elements
which are highly relevant to the problem of an IMC in UDCs.

1.2.2.2.1. IMC in UDCs: Factors and Elements

From a primarily technical point of view, exogenous writers have first of
all distinguished between a capability to use and a capability to apply
microelectronics.

Capability to use- The capability to use microelectronics would allow users in
UDCs to take advantage of the gains and benefits derived from the

[Kaplinsky(l982c), Rada(l982b)].
(80) The most profound study in this connection has been made by Rada (1982a) in relation
to Argentina and Brazil. In this study he examines the conditions, state of development and
the policies being implemented in both countries in relation to the electronic components
sector. By referring the situation in both countries to the technical and economic trends
characterizing the developments at the frontier of the semiconductor technology, the author
concludes that it is highly doubtful that any of these countries will be able to develop a

components industry. The analysis, however, is primarily one of scientific, technical and
economic constraints and does not offer any systematic treatment of the social issues behind
the development of microelectronics in both DCs and UDCs. Further, it clearly assumes a
historical context which remains fundamentally static as far as the mode of incorporation of
UDCs in the international politico-economical system is concerned.
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microtechnology (Kaplinsky,1984b) and would require at least the following
skills:

a) Management skills are of crucial importance given the need for organizational
adaptations demanded by the new technology and its increasing emphasis on

system gains [Hoffman(l983), Rada(1982a)]. According to Kaplinsky (1984b) this
"concerns not only the extent to which management perceives the potential for

systems gains but also their power in executing the desired changes in the face
of the opposition from suppliers, labour and the managerial class itself"
(Kaplinsky,p.l65).

b) Operator skills which are becoming less demanding as the microelectronic-
related technology increasingly absorbs previous skilled functions performed by
labour [Jacobsson(l982a), Kaplinsky (1982b)].

c) Back up skills to repair and maintain microelectronic-related technologies.
These skills are also seen as becoming less demanding to the extent that there is
a "tendency for manufacturers to introduce systems which are self-

diagnosing...and self-healing" (Kaplinsky,1984b,p.l65). Hoffman (1983), however,

emphasises the difficulties raised by the need for a mixture of mechanical and
electronics skills in the maintenance of machinery incorporating microelectronics
(81).

d) Skills for minor adaptations which are always necessary for achieving the

optimum use of an imported machinery (Hoffman,1983). This would demand

along with the traditional mechanical skills some software and electronics skills.
In this connection, Rada (1981) argues that "the 'technological package' should be

unwrapped in such a way that conversion software and other services could be

produced locally, providing that an adequate manpower policy is followed to
train and develop local personnel and firms" (Rada,p.59).

In addition to these skills attention must also be paid to the importance of
the links between technology suppliers and users and between different users. In
this respect, the experience shows that in those sectors involving the use of

(81) Jacobsson (1982a) argues that for the case of NC lathes, "the requirements for both
information and repair and maintenance have increased substantially. This is mainly due to
the fact that for most customers the electronic unit is like a black box and that the skill

requirements for service and maintenance have increased. Consequently, the users tend to
rely more upon the service network of the supplier" (Jacobsson,p.l2).
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software- intensive technologies (for instance, CAD technology) these links are of
the utmost importance particularly during the first stages of use of the

technology [Rada(1982c), Hoffman(1983) Kaplinsky(l984b), Jacobsson(l982a)]
(82).

Capability to apply- The capability to apply microelectronics would enable UDCs
to develop their own applications in accordance with their own development
purposes. For instance, Hoffman (1983) suggests that countries with some degree
of development in the electronics industry may attempt to move into the

production of microcomputers which would demand the existence of systems and
software engineering capacities. The latter are seen by most exogenous writers as

the key factor for the success of any strategy to apply microelectronics
[Ernst(1985). Hoffman and Rush(1980b), Hoffman(1983))] (83).

A second important factor which has also been identified is the need for a

new kind of manpower embodying the broader and systemic range of knowledge
required for an efficient application of microelectronics. Thus, "...It no longer is

adequate to merely train mechanical and electrical engineers as separate

individuals, for the implementation of systemic gains requires a combination of
both established disciplines. Similarly, existing training programmes for
management need to develop broader horizons so that wider systemic gains are

recognized" (Kaplinsky,1985,p.435) (84).

By and large, these are the most important technical factors and elements
which exogenous writers have identified in relation to the capabilities to use and

apply microelectronics. In other words, without them UDCs would have neither
the possibility to effectively use and apply microelectronics nor the possibility to
control its diffusion by selecting those microelectronic-related technologies most

(82) It is interesting to note Kaplinsky's conclusion in this respect. "Since a few -if any- of
the relevant suppliers exist in LDCs, it is questionable whether users in LDCs will be able
to make maximum, effective use of the new automation technologies. Nevertheless, there is
little evidence that fundamental obstacles exist to limit the use of the new automation

technologies in the Third World." (Kaplinsky,1984b,p.l66). A similar conclusion is reached by
Hoffman and Rush (1983a).
(83) "Any strategy of applying microelectronics in developing countries to agriculture,
industry or the exploration, exploitation and use of natural resources requires strong
capacities to develop, operate and maintain software" (Ernst,1985,p.350). Also, the "evidence,
and its emphasis, in developed-country literature suggests that a software capability, once

developed, will become the linchpin around which developing countries can build their
ability to fully participate in the microelectronic revolution, if and when the need arises"
(Hoffman and Rush,1980b,p.299).
(84) For this point see also Ernst (1981b), Rada (1981,1982a), and also King (1982b).
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appropriate to their needs. Having reached thus far. however, most studies

simply proceed to recommend what policies should be implemented to ensure

that the development of the factors aforementioned actually takes place in
accordance with the countries needs, as it is plain that no passive reliance on

the power of the market forces will stimulate it.

1.2.2.2.2. IMC in UDCs: General Recommendations

Recommendations have been varied and at different levels. Thus, Rada

(1982b) suggests that applications "in industry, agriculture, and services should
be selective and aimed at maximizing efficiency in those areas which constitute
the engine of the economy" (Rada, p.42). An example of this selective approach
would be that "Information technology, particularly interactive links, can be used
to increase the flow of scientific and technical data within and across countries

without changes in geographical location and, therefore, help to create the
"critical mass" necessary for innovation" (Rada,1982d,p.221). The same author
also suggests that microtechnology should be utilized in the wider context of
science and technology policy and that this policy, in turn, should include a

broader regional approach given the limitations of individual countries' resources

in the face of the requirements of current and future technological change (85).
On the other hand, Jacobsson (1982a,1983) and Hoffman and Rush-(1980b)

suggest the need for government intervention in the local market to foster the

development of capabilities, particularly at the level of the firm. Here, an

important measure would be the reservation of market segments for nationally
or regionally produced equipment (86) and/or the promotion of greater national
integration in locally assembled or partly manufactured electronic-based products
(Rada.1981).

(85) It is interesting to note that the element of international cooperation between UDCs is
hardly touched in the writings of most exogenous commentators. Rada's writings are very
much the exception since he consistently argues that collective action by UDCs is not only
possible but necessary. In this respect, as we shall see later on, he comes nearer to the
position of endogenous commentators who gives much prominence to the need for
international cooperation to face the challenge of microelectronics.
(86) In Latin America, this sort of policy is already being applied in Brazil where the
market for microcomputers and minicomputers has been reserved for local firms in spite of
opposition from foreign companies, notably IBM. Although it is too early to say yet the
results seems to be quite encouraging. See Tigre (1982,1983), Rada (l982d) and Rocha
(1983). The case of Brazil is discussed in Chapter IV where further bibliographical references
are given.
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At the same time, following from their view that basically DCs can

effectively participate in the production of microelectronics technology, one finds
that exogenous commentators have given a great deal of thought to

recommendations aiming at ensuring that the right kind of technology actually
diffuses into UDCs (87). Let us see some of the suggestions which have been
made.

a) UDCs should strive to adjust their industrial structure and apply the right
economic policies, for instance, to allow access to microelectronic-related

equipment at world market prices (Jacobsson,1982b). In addition, active

government support will be needed for those firms producing for the world
market if microelectronics applications are going to have any chance of success

(Jacobsson, 1982a, for the case of the NCMT industry). Here the purpose of

government intervention would basically be to reduce the risks involved in the
transition to microelectronics- related products.

b) A sound policy of technology acquisition should be devised and implemented

(Kaplinsky,1985). This policy should seek to ensure an effective transfer of

technology to UDCs (Hoffman and Rush,1980b) as well as to understand and
take advantage of the contradictory tendencies characterizing the technological

development by TNCs (Ernst,1985). In particular, UDCs should be -able to

exploit the conditions of supercompetition and very rapid pace of technological
innovation which put these companies under an ever increasing pressure to

export their technology (88). In addition, Rada (1981) suggests "the need to

assure diversified sources of supply in the market and avoid becoming dependent
on a few companies which can greatly distort prices and application criteria
because of their disproportionate marketing power" (Rada,p.51). In all cases, it is
clear that there will be a need for some electronics capability to be able to

identify the right technology and to strengthen UDCs' bargaining position

(87) Not that nothing is being done in this area already. As Rada (I982d) reports, specially
for the case of data processing equipment, an "increasing number of countries have adopted
centralized systems to process import requests, monitor applications and purchase equipment
for government needs" (Rada, p.24).
(88) "Third World governments, regional organizations and private firms should utilize
much more systematically the increasing reliance of US, Japanese and Western European
firms on technology exports as a key variable for devising and implementing viable strategies
of technology acquisition" (Ernst,1985,p.350). See also Soete (1985). Rada (1982a),
however,argues that the main holders of advanced electronic technology "have little or no
interest in transferring technology to developing countries, since it can have a 'boomerang'
effect - they do not receive technology in return, nor they do gain access to substantial
markets" (Rada,p.43).
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(Hoffman,1983).

c) UDCs must prepare the internal environment for the diffusion of
microelectronics-related technologies. Kaplinsky (1982c,1982d) proposes the

following wide-ranging policies based on the case of CAD.

i) a campaign to increase the awareness of local firms about the potential
benefits and the difficulties and skills which are involved in the use of the

technology.

ii) training of nationals for the advent of these technologies, most

importantly in relation to management. In addition, these technologies should be
introduced into the syllabi of engineering and related courses.

iii) Government assistance for the purchase of the technology, including
financial assistance and/or access to scarce foreign currency resources.

iv) establishment of service centers, research centers and bureaux. A

service center may be established by subsidizing a supplier firm or by organizing
a pool of service engineers and software specialists. For a better operation of the
latter alternative, there should be close association with universities and research

centers. In addition, a bureaux could be established to service a number of users

hence spreading the costs and making possible for small firms to have access to
the benefits of the new technology (see also Hoffman and Rush (1983a) for the
latter point).

As we can see, therefore, in view of exogenous writers there are a number
of areas where UDCs will have to take some action if they are going to have

any chance of using and applying microelectronics in accordance with their
national interests. It may then be thought that all the recommendations we

have just examined actually constitute a sort of minimum national plan of
action for these countries to develop the necessary elements and factors involved
in the possession of such basic capabilities. Without them UDCs can hardly
expect to derive any benefit from the current process of technological changes.

In summary, it is possible to say that the overall emphasis of exogenous

studies has been mainly on the conditions external to UDCs and the likely
implications of the diffusion of microelectronics for these countries. In this
context, an important contribution has been to show the profoundly historical
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nature of the process of development of microtechnology, particularly with
reference to the center of the world capitalist system. By so doing, exogenous

analysts have succeeded in demonstrating that the problem of microelectronics
for the Third World is not just an internal technical problem but that there are

in fact major contextual limitations and possibilities which these countries will
have to consider in their general strategy to face the challenge presented by the
technology. Of particular relevance here is the general point made by some of
the analysts that, in the final analysis, technology is an instrument of
domination and control by those who possess it. Therefore, UDCs should expect
little benevolence on the part of DCs and, most specifically, the TNCs
representing the major institutional channel whereby microtechnology is likely to
diffuse.

Furthermore, exogenous commentators have also identified a number of
factors and elements relevant to the understanding of the content of an IMC in
UDCs. However, the extent of such efforts has been clearly shaped by the
dominant notion that UDCs are hardly in a position to appropriate
microelectronics technology so as to achieve a self-reliant development in this
field. As a result, we have seen that the issues behind the development of
internal capabilities are not only treated in a limited fashion but, primarily,
with reference to the conditions needed for the use and application, of the

technology generated by the developed countries. In contrast, as we have seen in
the previous section, endogenous commentators have made their exclusive
preoccupation the problem of the development of internal capabilities in UDCs.
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1.3. Summary and General Discussion

Microelectronics and the Third World is by now a major field of research.

The existing literature has already dwelled upon many issues and aspects of the

problem, and as we have seen in the course of this review, it is possible to find
a number of common views among different commentators as well as important
areas of diversity, for instance, in relation to theoretical approaches, assumptions,
and policy recommendations. In the present work, the major concern has been
with the issues and problems involved in the nature and development of an

indigenous microelectronics capability for development purposes in UDCs. In

consequence, we have focused on four major aspects of the literature which are

the most directly relevant to such a problematique.

a) The underlying theoretical approaches utilized by the different authors in

dealing with microelectronics and the Third World.

b) The arguments and conclusions about the likely implications of
microelectronics for the overall development process and strategies of UDCs.

c) The understanding of the elements and factors involved in an indigenous
microelectronics capability.

d) The general or strategic recommendations related to the development of an

IMC in UDCs.

We have broadly distinguished two major set of writings: the exogenous

and the endogenous writings, primarily on the basis of their general approach to

the problem of the development of an IMC in UDCs. In the former group of
studies, microelectronics is seen as a rather exogenous factor to UDCs, in the
sense that these countries will hardly be able to achieve self-reliance in the
field; while in the second group, microelectronics is seen as a potentially

endogenous factor to UDCs in the sense that, in the long-term, these countries,

individually or collectively, need and could achieve self-reliance in the field.

Generally, we have seen that both groups of studies have differed markedly
in the main concern of their qualitative analyses. Exogenous studies have focused

primarily on processes occurring beyond the frontiers of UDCs at the center of
the international economic system, whereas endogenous studies have focused

primarily on the internal conditions of UDCs themselves. As a result, in the
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latter studies we have found a clearer account of the internal problems involved
in the UDCs' attempt to achieve an IMC, while in exogenous studies we have
found a much deeper explanation of both the historical context characterizing the

development and diffusion of microtechnology and the likely implications of this
diffusion for UDCs' development efforts and strategies. As such, and in spite of
their different conclusions, it is clear that there has been a great deal of

complementarity between both groups of studies. Indeed, it may be argued that,
by focusing on the conditions external to UDCs, exogenous writers have actually
drawn attention to what their endogenous counterparts have overlooked most,

namely, the major contextual limitations and possibilities which UDCs will have
to face in any sound strategy to develop a self-reliant capability in the field of
microelectronics. Hence, it is possible to say that, taken together, a broader and
more complete picture of the challenge of microelectronics to the Third World
actually emerges from the consideration of both groups of studies.

In addition, we have seen that both exogenous and endogenous
commentators have also discussed and identified a range of issues, factors and
elements highly relevant for the understanding of the nature of an IMC and the
likelihood of its development in UDCs. Among others, the following seem to be
of particular relevance.

a) The distinction and characterization of three different broad levels of

capabilities which axe involved in the problem of developing an IMC in UDCs.
The capabilities to use, apply and produce microelectronics - although they may

be considered separately in any given strategy - must all be seen as

fundamental constituents of an interrelated complex: the • IMC.

b) The identification and underlining of the crucial role of the systemic trends
inherent in the development and all-pervasive nature of microelectronics. Such
trends operating at different levels are increasingly bringing together into closely
microelectronics-based systems technological areas which until recently have been

largely separate. Electronics components are becoming systems in themselves and
also factories and firms are developing into closely integrated microelectronics-
based systems. Such systemic technological trends, on the other hand, are

contributing to generate the ground-conditions for a greater centralization and
concentration of capital in the development of the world electronics industry.

c) The general point raised by some authors that microtechnology (or any other
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technology for that matter) is not independent of the context of social relations
within which it develops, and that, in the final analysis under capitalism, it is
an instrument of domination and control by those who possess it. UDCs,
therefore, cannot expect benevolence on the part of DCs and, most specifically,
the TNCs representing the major institutional channel whereby microtechnology
is likely to diffuse. The development of an IMC in UDCs, if possible at all,
could only be the result of determined efforts by these countries themselves and,
in these efforts, they should seek to exploit the contradictions inherent in the

process of capital accumulation, particularly, in the world electronics industry.

d) The crucial role given to the market, the state and South-South cooperation
in the generation of the basic infrastructural requirements and dynamism

underlying the achievement of an IMC in UDCs. Specifically related to these
factors is the creation of effective demand, the strengthening of the scientific,
technological and educational system, the need for planning and directing the
provision of capital and other incentives for the emergence of the different
capabilities making up an IMC.

A great deal has therefore been said relating the understanding of the
nature of an IMC in UDCs and the problems involved in its development. On
the whole, however, it is possible to say that it has been on the side of the
technical issues where the most systematic and detailed contribution has been
made. In contrast, on the social side, the discussion regarding UDCs has been
more general and heavily dominated by economic concerns and the perception
that these countries need urgently to prepare and organize themselves for the
requirements of the new microelectronics era. In this context, the specific social
characteristics of the process of development of an IMC in UDCs has received
little attention, let alone any systematic treatment. There are various aspects in
the literature which serve to illustrate this contention.

a) The implicit association of a self-reliant microelectronics capability to a

certain universal form valid for every country. In endogenous studies,for
instance, since the emphasis is on the technical characterization of the different
levels making up a microelectronics capability, the latter becomes very much a

general model. The result is that the social conditions are treated as externalities,
as problems to be solved in order to enable the flourishing of the general and
socially- abstracted capability. On the other hand, exogenous writers have clearly
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taken the trends, shape and dynamism of the evolution of microelectronics in
DCs as their implicit model of microelectronic capability. The result is that with
such a frame of reference UDCs may never be in a position to realize an IMC,
whatever the progress made in this respect.

b) The predominance in most studies of what Jamison (1983) has critically
called the "innovation paradigm", i.e. a paradigm which is heavily biased towards

technology and the need for technological change with little regard for its social
nature and hence, for the role of the social interests underlying such a change.

c) The sense of urgency present in most of the literature regarding the
involvement and acquisition of microtechnology by the UDCs. This notion which
has been criticized by Wad (1982) and King (1982b), who in turn urge UDCs
to exercise caution in the face of the magnitude and complexity of the problems
involved, rests to a large extent on the implicit idea that the solution to many

of UDCs development problems is primarily technological.

d) The general treatment of UDCs as abstract national entities and of the state

as the depositary of some abstract national interest and hence, as a structure

beyond the contradictory nature of the social interests and relations making up

the social structure of society. The UDCs national interests are supposed to

coincide with their involvement in the microrevolution and the state is envisaged
as the most dynamic agent in carrying this process through. In this notion, it
would seem as if the state is a sort of neutral power whose decisions and
actions equally benefit all social classes and interests and not primarily those of
the dominant interests who control it. Likewise, it would seem as if the UDCs

involvement in microelectronics would bring about equal benefits across the
social board and not primarily to the dominant interests of society (89).

Admittedly, a few studies have argued that the development of

microtechnology is not independent of the context of social relations within
which it develops and that, in itself, this technology is in fact the result of
these social relations. Such arguments, however, have been mostly applied to

(89) In this respect, it is interesting to note that in most of the literature of
microelectronics and the Third World hardly any reference is made to the evidence which
exists as regards the high social costs for workers, mostly women, labouring in the
microelectronic components production sites located in the Third World. For details see, for
instance, CIS (1979), Cross (1983), Grossman (1979) and Sivanandan (1980). For details of
the highly hazardous nature of the microelectronics industry and its high Tate of incidence
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the social context of developed countries where the conditions differ greatly from
those prevalent in UDCs. Thus, we have seen, for instance, that the specific
form assumed by the struggle between capital and labour as well as the
competitive struggle between capital have both clearly determined the shape and
dynamism of the technology being developed and applied in these countries. A
similar important part has been played by the military as some authors have

pointed out [Kaplinsky (1984b) and Jamison (1983)].

In UDCs, however, the situation is very different with some factors playing
a completely different role, hardly leading to the technological dynamism and
trends they produce in DCs. For instance, in UDCs labour is generally cheaper,
more weakly organized and repressed and hence, under a much firmer control by
capital. Under such circumstances, the specific form assumed by the labour-
capital social relation is not by itself conducive to the sort of capital-intensive
innovations such as those associated with microelectronics-related technologies. On
the other hand, in UDCs, there are some social factors which seem to acquire a

much more decisive role than in DCs in determining the character of an IMC
development process. For instance, this would be the case of the controlling role

played in such a development process by foreign transnational capital, mostly
from DCs themselves. In this respect, for analytical purposes, it may be argued
that while the understanding of the nature of the development process of an

IMC in DCs needs make only a secondary reference to the role of UDCs, the

contrary is the case for the latter countries where such a development process

can hardly be understood without taking into account the major role of DCs'
capital and technology. Indeed, it is quite clear that, by themselves, UDCs
would hardly have sought to produce microtechnology. The urgency about the

technology has been entirely the result of an exogenous pressure and it is
reflected in the fact that the main problem consists precisely in the development
of a capability which currently does not exist and which is necessary to be able
to participate in the microrevolution.

It is possible to say, therefore, that the problem of the social nature of an

IMC has a completely different meaning for UDCs as compared to DCs. In the
latter countries, the analysis of an IMC's social nature by and large means the

understanding of societal processes and forces determining the shape and

dynamism of an unfolding technological capability. That is to say, the
capability itself is not in doubt, it is implicit in the idea of the social

of occupational illnesses in the US, see LaDou (1984).
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determination of its shape and dynamism. In UDCs, on the other hand, such a

capability does not exists so that when looking at the social determinants behind
its development, other problems, those related to its formation, become much
more immediately relevant. Two seem to be most crucial.

Firstly, the problem of defining what factors of the sociotechnical matrix
are the fundamental constituents of an IMC, i.e., those sociotechnical factors

without which the development of an IMC can hardly be realized. Our premise
here is that, in global terms, there is not just one universal form of
microelectronics capability. The specific social forces and factors and the specific
shape and dynamism of a microelectronics capability in DCs need not be the
same in the context of UDCs. Nevertheless, because we are dealing with a very

specific technology and hence, a common technical foundation for both DCs and
UDCs, there are some factors which may be seen as intrinsic, that is, as

necessary components for the achievement of an IMC whatever the shape and

dynamism the latter eventually assumes. Any study dealing with the problem of
an IMC in UDCs. therefore, must start by identifying and looking at these
sociotechnical factors and the relationships that characterize their effective
constitution as an IMC.

Secondly, the problem of defining not only the current state of development
of an IMC's sociotechnical constituents in UDCs but, also, the character and role

of the specific social interests actually dominating such a development of an IMC
in UDCs. That is to say, not only are the presence and relationships between
the sociotechnical constituents important but, also, crucially decisive are the

specific interests of the dominant social actors involved since, in the final

analysis, they will determine the model of IMC to be pursued (if any) and
hence, the strategy and reference points in terms of shape and dynamism for
such a capability (90). The understanding of such social determination,
therefore, is most relevant for a long-term view of the problem of developing

(90) The importance of such power of social decision cannot be over-emphasized for its
implications are huge. For instance, it has been said that the trends, shape and dynamism of
the technology emerging from DCs is intrinsically related to the specific societal context of
its place of origin. For UDCs, therefore, were they to accept such parameters as the ultimate
frame of reference for their action, the most likely result would be either the acceptance of
the fundamental premises of the DCs' context and hence, the attempt to recreate similar
conditions in order to approach the shape, dynamism and trends of the technological process
in these countries or, most probably, never to achieve the latter given the specific context of
their own social conditions. A different alternative would imply the definition of a different
set of parameters as ultimate guide for action and, consequently, design a long-term IMC
policy commensurate with its purposes. Certainly, the specific social interests of the dominant
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an IMC in UDCs. Most particularly, it should shed light not only on the social

viability of any given strategy or attempt to develop an IMC but, above all, on

the relevance of that strategy or attempt for the purposes of providing some

solution to the most pressing problems affecting the mass of the population in
UDCs. In the latter respect, it is our premise that, although offering great

opportunities, microtechnology by itself is not going to solve to any large extent
the major development problems of UDCs. The latter is primarily a social
problem. In the past, technology at large has been hailed as the cure to

development problems but, in spite of all that has been done and said in this
direction, the fact is that the most crucial problems of underdeveloped countries,

including the relative weakness of the technological capabilities, still remains

largely the same for most of them. There is little reason to believe this time
the situation will be different simply because we are referring to a particular
technology instead of a technological capability at large. To put it briefly, the

simple existence of an strategy or efforts to develop an IMC in a given UDC
does not necessarily mean that it will be for the direct benefit of the whole of
the population. It is therefore important to know which social interest control
the process and for the benefit of whom.

In the following chapters, we shall attempt to contribute , to the

understanding and systematic treatment of the issues and problems involved in
the nature and development of an IMC in UDCs (or in DCs for that matter) by

pursuing the lines of enquiry suggested in the two problems aforementioned. In
so doing, however, it is apparent that the contribution of exogenous and

endogenous writers, although extensive and important,' does not actually furnish
us with the kind of conceptual approach which would enable us to account

systematically for the particularities and differences of the IMC development

process in both DCs and UDCs, while clearly bringing out the deep interrelation
between these processes, particularly in the electronics development of the latter
countries. For purposes of the present thesis, therefore, this means that the effort
to advance the understanding of the nature of the development process of an

IMC in UDCs is, to a large extent, a simultaneous effort to advance the
theoretical foundations necessary for such a task. This will be reflected in the

concluding chapter where we intend to present a systematic treatment of the

conceptual tools developed in the course of the analysis of the nature of an

IMC. Finally, it is important to make clear that, from now onwards, we shall
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take an IMC to mean, very generally, that systemic complex of technical and
social factors (i.e., a sociotechnical system) which would enable a given country

or region to face the challenge of the microelectronics revolution in accordance
with its own development priorities and purposes. Of course, this general
definition includes most of the elements identified by exogenous and endogenous
writers, but, as we shall see below, it includes more than just that, particularly
as far as the social nature of the process is concerned.

With these provisos, in Chapter II and III our main objective will be to

identify those factors of the social matrix which can be seen as the fundamental
constituents in the development of an IMC. We shall do so by referring,

primarily, to the experience of the most advanced capitalist countries where the
existence of a microelectronics capability is generally taken for granted. Two
themes will be of particular importance. On the one hand, the sytemic and

synergistic trends and relationships intrinsic to the pervasive and systemic nature
of the technology and, on the other, the social nature of the technology in the
sense that its process of development not only expresses and reproduces but it
also demands the existence of specific social interests supporting such a

development. In brief, it will be argued that microtechnology represents a major
sociotechnical system i.e.. a system involving technical and social factors which
is pervasive and, thereby, of widespread influence in the societal structure of

any country.

Later on, in Chapter IV, we shall extend our analysis and the findings of
the previous part to the particular context of Mexico in order to gain a better

understanding of the DCs-UDCs interrelations and differences as far as the
nature and development process of an IMC is concerned. In particular, we shall
be examining both the current state of development and the specific social
interests dominating such a development of an IMC in the case of Mexico. An

underlying theme of this chapter will be that the state of development and the

relationships between the sociotechnical constituents of an IMC clearly condition
what, at any given time and place, any complex of social interests can expect to
achieve in terms of microelectronics development. In turn, however, in a

dialectical fashion, the state of development and the relationships between
sociotechnical constituents are themselves determined by the character and actions
of the complex of social interests. In particular, it is to the social interests to
determine the content and direction of an IMC development process.

social actors would have to be different too.
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Chapter II

Signals and Signal Systems. A Technical Interpretation of
the Pervasive and Systemic Nature of the Microelectronics

Revolution.

When the microprocessor was first developed in the early 1970s (1), a

technological revolution, namely, the microelectronic revolution was soon heralded
as on its way. The technical and social impact of this revolution has been
compared to that of the industrial revolution in its depth and extension (2) and,
for many, its consequences could be of even greater importance for society (3).

For simple comparative purposes, it may be said that during the first
industrial revolution there was an enormous expansion in the production of
energy for purposes of motive power, which became the basis of a huge increase
in the productivity of labour and of a major transformation in the technical
base of society. It was, as it has been depicted a revolution based on "the
amplification and emancipation of the power of the muscles" (Evans, 1979,p.ll).
During the present revolution, however, it is no longer the muscle, the

quantitative production of energy but its sensing, processing and transmission for
the purpose of intelligence which is at the centre of the technical stage. It
would be, using Evans' words again, a revolution based on "the amplification
and emancipation of the power of the brain" (ibid. p.11) (4).

(1) "The first microprocessor was developed by Intel Corporation in' 1971 to an order placed
by a Japanese calculator manufacturer who required a custom-built processing chip which
could perform arithmetic and other functions and yet be cheap enough to allow the selling
price of the calculator to be sufficiently low to create a mass market . The device produced,
in the form of a tiny, powerful, large-scale integrated chip, is more accurately termed the
central processing unit (CPU), though it became popularly known as the microprocessor."
(Bessant et al,1981,p.3).
(2) "The modern technology of microelectronics and, in particular, the advent of the
microprocessor, has been compared in importance with the Industrial Revolution. The
comparison is a very good one, for not since the nineteenth century have the world's
industrial societies been faced with such a profound technical development"
(Forte,1979,p.26).Also, The use of the microprocessor in the information processing
revolution which is just beginning will surely be as far-reaching as the use of steam in the
industrial revolution" (British Computer Society,1979,p.4).
(3) In the words of a committee of the National Academy of Sciences: "the modern era of
electronics has ushered in a second industrial revolution...its impact on society could be even

greater than that of the original industrial revolution" (Quoted by Norman,1981,p.l09).
(4) "Just as the Industrial Revolution took over an immense range of tasks from men's
muscles and enormously expanded productivity, so the microcomputer is rapidly assuming



Clearly, such references to the brain alone would suggest an intrinsic all-
pervasiveness and a major potential for technical and societal changes in the

technology involved in the microrevolution. But, what is this technology? and
what is the technical nature of the microrevolution? These are the fundamental

questions which we shall attempt to answer in the present chapter in order to

gain a clear perspective of the many-sided, pervasive and systemic nature of the
technical process underlying the problem of microelectronic capability. In so

doing, we shall make abstraction of the social issues by simply assuming the
existence of the social decision (5) underlying the specifically quantitative and

qualitative development of the technology at any given time and place. In other
words, without asking the social whys, we focus exclusively in what is

technically involved in the microrevolution, i.e., the specific principles,

technologies and their interrelations, as they have emerged in time and as they
exist today. In addition, we follow the development of the technology in the
abstract, i.e., as an accumulative world reality and only refer to particular
countries to indicate place of origin. In this way, we expect to provide a clear

picture of what is the real magnitude and complexity of the technical challenge

facing the Third World and hence, of what are the options regarding a

microelectronics capability. We begin, therefore, from the very physical
foundations.

2.1. Energy, Signals and Signal Systems

At a fundamental level, the operation of any technical system involves, of

necessity, the realization of emissions, transmissions and absorptions of energy

(6) between the diverse material elements which are its constituents. More

huge burdens of drudgery from the human brain and thereby expanding the mind's
capacities in a way that man has only began to grasp" ( Time. 1978,p.38).
(5) In general, this social decision would be the result of the fundamental tendencies
characterizing the development of a society and manifesting themselves in the conflicts and
interactions implicit in that society's social relations. As we shall see in subsequent
chapters, particularly Chapter V, all technological processes are in fact historically unfolding
ensembles of interpenetrating technical, sociocultural and juridical relations and, in no way,
do they exist as technical realities alone. For analytical purposes, however, given the
importance of highlighting the nature and complexity of the technical issues involved in the
microrevolution, we have considered it justified to make such an abstraction of the social
issues in the present chapter.
(6) In physics, energy is defined as a "scalar quantity, which generalizes the concept of
work. Energy can take a variety of forms, and experience of the physical world has
established that, in a closed system, there is a conservation of this quantity called
energy...the theory of special relativity shows that mass is a form of energy." (Cox et
al,1973,pp.107-108).
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specifically, in all systems such emissions, transmissions and absorptions of
energy always take place in accordance with specific physical relations which are

peculiar to the function and purpose of each one of them. In other words, it is
as if in any technical system its operation actually constituted a particular kind
of energy processing in fulfillment of a determined aim.

Given this brief general notion, however, there is obviously a variety of
energy aspects in which systems differ from each other and which provides a

convenient base for their distinction. One major differentiation, for instance,

puts the emphasis on the particular kind of energy involved. Thus, we have
electrical systems, thermal systems, nuclear systems, etc. In the present work,
however, the differentiation which interests us most puts the emphasis on a

different aspect of energy, one which has received little systematic attention in
the literature of microelectronics and which we shall refer as the "purposive
character of energy", meaning, the specific role assumed by energy during the
functioning of a given system and as defined by the operational purpose of such
a system. In this case, as we shall see below, the particular kind of energy is
not the determinant aspect and what is most relevant is the character in which,
or the purpose by which, energy is systemically processed (7). A comparative

example will serve to illustrate this point. In effect, were we to compare the
case of the systems of large-scale generation of electrical energy with that of
the systems of automatic control, we would see that they plainly differ in the

purpose by which energy is processed and hence, in the character assumed by

energy during that processing. While in the former case the purpose is

exclusively that of producing energy in its character of capacity to perform
work (8), in the second, the purpose is primarily that of achieving the
automatic regulation of the performance of the system under control (9).
Hence, in the former case, the purposive character of energy can be said to be

always and exclusively that of capacity to perform work, whereas in the second

(7) "One of the most influential strands in recent thinking about the complexities of the
world we live in has been the idea that the specific character of things may sometimes be
more important than the chemical nature of the substances they are made of or their
physical properties of mass, acceleration, position and so on." (Waddington,1977,p.40).
(8) The capacity to perform work can realize itself in various forms. For instance, in the
operation of a motor, in the caloric radiation of a heater, in the incandescence of an electric
bulb, etc.

(9) The regulation of a system must be understood as the control of the behaviour of
specific parameters or variables in the system, in such a way that their values are
maintained at desired levels during the operation of the system as a whole. This function
characterises what in the field of cybernetics Beer (1971) refers as an homeostat: "a control
device for holding some variables...between desired limits" (Beer,p.22).
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case, insofar as the task of regulation implies above all the sensing and
processing of data (10), the purposive character of energy can be said to be,
primarily, that of a carrier of data relating to the variables to be controlled. In
the latter system, therefore, although energy is obviously still capacity to

perform work, its purposive character has become that of a carrier of data or,

of energy signal (11), as we shall refer it from now on.

As we can see, therefore, from the vantage point of the purposive character
of energy, it is also possible to establish relevant differentiations within the
universe of technical systems. Above, we have distinguished between two kinds:
energy generating systems and signal systems, i.e., those systems which have

energy signals as the technical "substance" of their operation. For purposes of the

present work, this differentiation is of major importance since, as we shall see

below, it is basically the signal systems which are at the heart of the present

technological revolution. In the following, therefore, we shall concentrate

exclusively on this kind of system and we start by dealing with the two most
basic issues, namely, the different kind of signals which constitute the technical
substance of the signal systems and the different signal systems which compose

what may be referred to as the area of signal systems.

2.1.1. Types of Signals

In general terms, it is plain that any signal has its origins in the

development of physical processes or operation of physical systems. In their
relation to the universe of data, however, there are two kinds of signals: signals
which are material or real-time data and signals which symbolize abstract data
(12).

(10) We shall touch upon the task of regulation in more detail later. But data has been
defined as "a general term used to denote any or all the facts, letters, symbols and numbers
that refer to or describe an object, idea, situation, condition or other factor."
(Maynard,1975,p.47).
(11) We shall refer to energy in its character of carrier of data as energy signal or, simply,
signal with the aim of distinguishing it from the more general categories of energy and data
respectively.
(12) Material or real-time data include all those physical manifestations having an intrinsic
meaning, and for this reason, they keep a direct relation to the material world and, in
particular, to the phenomena which originate them. Abstract data, on the other hand, are all
those which have no physical manifestation of their own, and which, for the same Teason,
can be represented or symbolized by any kind of energy that is appropriate for their
processing.
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a) signals which are material data constitute manifestations of energy which
in their character of data possess meaning in themselves. The sensing and

processing of this kind of signals by signal systems constitute a direct access to

the momentary condition of the physical quantities which they describe and
hence, in the final analysis, to the very nature of the physical processes which

originate them.

b) Signals which symbolize abstract data constitute manifestations of energy

which in their character of data possess no meaning in themselves but a

superimposed meaning deriving from the establishment of a conventional

symbolic relationship between these manifestations of energy and abstract data
such as numbers and letters. Unlike the case of the real-time data, these signals
are sensed and processed, primarily, because of what they symbolize and not

because of what they describe intrinsically.

In consequence, it should be apparent that, taken together, the "subject
matter" of both kinds of signals concern as much the material as the ideal
realms. In particular, as regards the ideal realm, it is clear that there is no

abstract data which, in principle, by simple conventional arrangement, could not
be "signalized", that is, expressed in the shape of a signal or a combination of

signals. Of course, this means that, ultimately, any element of the universe of
data may possess a physical expression which could be sensed and processed by

appropriate signal systems. Technically, however, the particular kind of energy

signal as much as the particular kind of processing involved is something that
will depend upon the level of development of the signal systems at any given
time and place.

2.1.2. Signal Systems

Just like technical systems in general, signal systems may also be

distinguished on the basis of the particular kind of energy signals involved in
their operation. To take the example of control systems again, we find that,

among others, there are systems of pneumatic control, systems of electronic
control, systems of hydraulic control, etc. On the other hand, were we to

disregard the specific kind of energy signal involved and consider only the
specific purpose of the operational activity of the signal systems, we would find
that it is possible to distinguish the following systems: systems of sensing and
measurement, systems of control, systems of computation and data processing in
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general and systems of transmission and communications. It is this distinction
which will interest us most since it shows not just how extensive the area of
signal systems is but, above all, their strategic importance within the technical
base of society. Let us see what the function of each one of these signal
systems is.

a) Systems of sensing and measurement- The main function of the sensing
element of these systems is the capturing or sensing of energy signals. Indeed,
this sensing element is found in all signal systems as it is through its capacity
that they have access to the signals that constitute the technical substance of
their operational activity. The measuring function of the system puts the sensed
signal within a meaningful conventional context pertaining to the sphere of
knowledge. This function, thereby, translates the sensed signals into a form that
enables its immediate interpretation within a relevant framework such as the

measuring scales. In this way, information (13) is generated and hence, the
possibility of enriching the cognitive sphere itself. Alternatively, as it happens in
control systems, the information become a guidance for the realization of their
regulating functions.

b) Systems of control- As we have indicated previously the main function of
these systems is that of regulating the behaviour of particular physical variables
or quantities which are peculiar to the operation of the system under control.
By means of signal processing related to the controlled variables, which includes
its sensing, measurement and comparison with desired reference values, these
systems have the capacity to make decisions (14) and, eventually, correct, i.e.,

adjust to desired levels, the actual performance of the controlled system. The
basic principle of operation just described is commonly referred to as closed-loop
or negative feedback control.

c) Systems of computation and data processing in general (computers).- The main

(13) Information is the "human meaning given to data as a result of their analysis according
to known conventions" (Maynard,1975,p.94). According to the McGraw-Hill Dictionary of
Science and Technology (1975), information is data "which has been recorded, classified,
organized, related or interpreted within a framework so that meaning emerges". In this
respect, as Mitroff and Turoff (1973) states, in reference to a dialectical view, "data are not
information; information results from the interpretation of data." (Mitroff and
Turoff,1973,p.68).
(14) "Control is the decision-making operation; it compares the measured state of the process
with the desired conditions and decides how the variables should be manipulated" (L.
Evans,1977,p.ll46).
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function of these systems is that of receiving, storing and executing programmed

mathematico-logical operations on the energy signal which may be real-time data
or symbolic data. The result of such processing is communicated through

output devices to an operator, or directly to machinery, depending on the
immediate purpose of the operation involved. As we shall see later on, given
their capacity to execute programmable logical and mathematical operations these

systems possess a near-universal applicability which includes, among others, the
fields of scientific and mathematical calculations, data processing in general,
automatic control of continuous processes and discrete devices, and also the fields
of design, modelling and simulation.

d) Systems of transmission and communications.- The main function of these

systems is the transmission of energy signals from a given point A to a given

point B or many other points simultaneously which are different in space. In the
realization of this purpose, in point A, these systems capture the energy signals

containing the real-time or symbolic data and process them in order to adapt
them to the characteristics of the medium. In point B and others, they receive
and process the transmitted signals, this time with the aim of reproducing them
in such a way that the data which they represent effectively constitute the data

originally emitted. Depending upon the distance and the characteristics of the
medium used, the transmitted signals may undergo additional processing "between

points A and B with the aim of counteracting the excessive attenuation which

may take place in the course of their trajectory.

Taken together, therefore, there can be . little doubt that signal systems

cover a range of functions which pervades deeply all spheres of technical
activity. It suffices to think that there is no human or social and technical

activity which can take place without some form of communication and control,
to immediately realize the enormous importance of the area of signal systems

for the global development of societies. In consequence, it seems safe to suggest

that any major breakthrough touching upon the area of signal systems as a

whole is bound (if implemented) to have a major impact in the technical base
and hence, in the development of the entire society. It is this perception of

widespread impact which most of the time gives a particular technological
innovation its revolutionary character; and, as we shall see later on, this seems

to be exactly the situation as far as microelectronics is concerned.
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2.1.3. Man and Signal Systems

Historically, the human being possesses the most versatile signal processing
system of all. His nervous system, and the high degree of development of his
brain enables him to exercise all the functions which we have distinguished in

describing signal systems. Thus, the human being can sense and measure signals,
can process them with the aim of carrying out control operations; he can

transmit and receive signals and execute logical and mathematical operations of

great complexity.

For all this versatility, however, the human capacities regarding signals are

limited. For instance, the human being possesses sensorial limitations that

severely restrict the universe of signals which he can access (15). His own

capacity to telecommunicate is limited to his range of vision and audition, while
there are also limitations of reliability and speed in his logico-mathematical
capacities (16). By himself, therefore, the human being is far from achieving
the level of signal sensing, processing and transmission that the emergence of

signal systems has made possible. Indeed, it is pretty obvious that without the
latter our world would be quite different to what we see today. It suffices to

take into account that the sensing and processing of signals is at the base of the

development of scientific and empirical knowledge and hence, of the possibility
to be able to grasp and exploit the properties of specific physical processes, to

conclude that -on the bases on the human capacities alone- the process of

technological and scientific development would be intrinsically limited to levels

quite inferior to those achieved in the present day.

Thus, irrespective of the societal causes underlying the generation of signal

systems, it is quite safe to say that it was the need to overcome human
limitations that led to the invention of signal systems which would enable man

to extend and amplify the power of his own capacities. As a result, throughout

history, the range of energy manifestations which have become part of the
universe of data, that is, which have become energy signals, has expanded

(15) Man's aural capacity, for instance, being limited to frequencies between 30 to 20,000
cycles per second (hertz) covers only a minute part of the electromagnetic spectrum. And
the same is valid for his visual range although the range of frequencies here is very much
higher.
(16) As far as it is known, the highest range of frequencies found in the operation of man's
brain correspond to the beta waves (14 to 30 hertz) normally associated with the most alert
state in a subject (Lefrancois,1983). This is the Teason why man can only perform a few
arithmetic operations in a short time while present day computers, operating at megahertz
(Mhz) frequencies can perform millions per second.
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enormously. At the same time, signal systems have developed into powerful
systems, up to the point where the advent of microelectronics seems now to
have created the technical conditions for their convergence and hence, for their

synergetic development and expansion throughout the technical base of society. In
the following, we shall seek to examine this process since it is here where the
technical essence of the microrevolution lies.

2.2. Signal Systems: An Overview of Their Historical Beginnings

For most of their history, signal systems have had a development
technically independent of each other with man himself performing most of the

signal processing functions. The technical devices which have been used have
been variegated and have involved different kinds of energy signals, such as

mechanical, hydraulic, pneumatic, sound, light signals, etc. In this part, we shall
show that, in addition, the earliest historical ancestors of signal systems can be
traced far back in time, in some cases at least to the beginnings of recorded
history and civilization.

Measuring devices, for instance, have been suggested in existence for simple
measures of length by the time when man emerged from the cave-dwelling stage
to that of building huts and houses in the open country (Skinner,1965). A
notched bone tool found in Africa and dating from 6,500 B.C. has been related
to time-measuring activities (Marshack, 1972). Clear evidence of measuring and

weighing devices, however, is only found with the rise of the city-states and
civilization in Mesopotamia around 4,000 B.C. (17). Thus, men using weights
and scales, capacity measures and linear measuring scales are depicted in

archeological evidence showing that this activity dates from at least 3,000 B.C.
(Turner,1980). The ancient civilizations also engaged in time-measuring
activities. Evidence exists suggesting that the Egyptians may have used the
sundial (shadow clock) as early as 1,300 B.C. (Gibbs,1977). Later, sundials
were widely used by the Greeks and, seemingly, they would have also invented
the astrolabe shortly before the beginnings of the Christian era (Turner,1980).
Many centuries later, with the development of the Scientific Revolution, the area

of instrumentation underwent a major and definitive expansion. The foundations

(17) According to Skinner (1965) with "the rise of the city states and, later, of the early
empires, weighing and measuring began to develop into an applied science. The necessity to
preserve specimen weights and measures as national reference-standards of primary authority,
inscribed with the king's name and deposited in the principal temples, was recognized at
least as early as 3,000 B.C." (Skinner,p.774).
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of such a development however, had been laid by the middle of the fifteenth
century, when instrument making became firmly established as a permanent craft
with Nuremberg as the first great centre for Western Europe (Derry and
Williams,1975).

The invention of devices for calculation and storage of data and
information also goes back to the beginnings of civilization. In effect, evidence
of the existence of writing and calculating devices (stylus and clay tablets and
the abacus, respectively) has come down right from the first known civilization,
that is, the Sumerian civilization of the Tigris-Euphrates Valley, to our present

time (18).

The invention of writing was undoubtedly a most crucial step for mankind.
It made possible the systematic recording and long-term storage of data and
information which otherwise could only rely on the memory capacity of the
human brain and the traditional method of passing the information down from
generation to generation. For Simon (1977) this was indeed the first information
revolution, with the second being the result of the printed book, and the third,
in our times, would include the "computer but many other things as well"
(Simon,p.ll86).

On the other hand, the abacus (19) -also "in evidence in the Tigris-

Euphrates Valley c.3,500 BC" (Hunt and Shelley,1979,p.128)- was the first
calculating device ever to be developed by civilization. It seems to have been
invented independently in several centres of civilization (Hollingdale and
Tootill,1976) and there can be little doubt of its success and importance since as

Singer et al (1965) describe: "Until the thirteen century all but very simple
reckoning was done by an abacus and till the sixteenth century was in general
use in the west as it still is today in the east" (Singer,p.766). During the
seventeenth century, however, the first steps in the path to automatic calculation
were taken with the invention of the mechanical calculator by the French Blaise
Pascal in 1642 (20). The Pascaline, as this machine became known, is generally

(18) An interesting account of the economic motives underlying the invention of writing
and, clearly that of accounting too, is given by Hooke (1965).
(19) The abacus, in its original shape, was basically a system of grooves and pebbles where
the pebbles symbolized numbers so that calculation was the result of their manipulation
according to certain rules. Indeed, the word calculation itself stems from pebble since it is a
derivation from calculi, the Latin equivalent for pebble (Hollingdale and Tootill,1976).
(20) Just a few decades before in the same century, the Scottish John Napier had invented
both the logarithms in 1614 and a multiplication device known as the Napier's Bones in
1617. Also William Oughtred, an English clergyman, had invented in 1621 the slide rule, a
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considered as the most direct ancestor of the computer in its capacity of
automatic calculator. Before the Pascaline, all devices for calculation had

demanded complete control and interpretation by man of all the steps involved
in the process of calculation. Pascal's calculator was to change all that. Using an

arrangement of cogwheels and shafts where the "carry" operation was automated
(Evans.1981), it dramatically reduced the number of steps necessary for a

calculation (21) while providing a great deal of accuracy in the results. The
Pascaline, however, was basically an adding machine and it could not perform
multiplication directly. The achievement of the direct mechanization of

multiplication and division came somewhat later, and it was the result of the
work of the German Wilheim Leibniz. In 1671, he built his first multiplication
machine called the Stepped Reckoner. In this way, it was really in the
seventeenth century when the first attempts to automate calculation were made,
a capability which today's computers have taken to the highest levels (22).

The area of control also had its early achievements, although somewhat
later when compared with the emergence of measuring and calculating devices
for instance. Indeed, some of the earliest evidence of automatic control is found

in Rome in the plumbing system of Roman houses. According to Truxal (1977),
the Romans used basically the same system common today to control the water

level in the reservoir at the back of toilets (23). It is generally acknowledged,
however, that the first control system specifically developed on the bases of

closed-loop or negative feedback principles, corresponds to James Watt's
centrifugal governor developed in 1798 to ensure the constancy of steam engines'
speed with varying loads (24). Nevertheless, as it happened. Watt was only the

highly successful device still widely in use till only some years ago. For details of this and
later periods in the development of calculating devices, see, Evans (1980,1981), Bowden
(1953), Fleck (1973), Goldstine (1972), Gleiser (1978).
(21) Pask and Curran (1982) give an example of how the addition of the two figures
164298 and 862, takes eight separate actions using the Japanese abacus ( soroban). all under
man control; while on the Pascaline the same sum takes three steps: enter the first number,
enter the second, activate the add mechanism.
(22) Historical details regarding the twentieth century computer will be discussed later on.
(23) The operational principles of this system is as follows: "if there is a difference
between the actual water level and the desired water level, an error exists, and the ball-
float will cause the valve to permit the water to flow into the cistern. When the actual
level corresponds with the desired level, the error is zero and the valve will close"
(Martin,1970.p.l)
(24) "This governor was linked to a butterfly valve in the steam pipe to the engine and
arranged so that, as the engine speeded up, the governor balls would move outwards under
centrifugal force and rotate the butterfly valve towards the closed position. The engine
would thus stop accelerating or slow down; in other words, its speed would automatically
adjust itself, within limits, to the load on the engine" (Van Riemsdijk and Brown,1980,p.28).
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first to use the centrifugal governor for regulating steam engines. For. as

Dickinson (1965) points out, "Such governors were already in use for controlling
the setting of the millstones in the flour-mills" (Dickinson,p.l86). They seem to

have been invented around the 1770s and used as speed-regulators mainly for
windmills (Wailes.1965). Later, completely mechanical control systems would

only be superseded in the present century with the development of devices

making use of more ductile energy signals such as electrical, pneumatic, and
electronic signals. In the latter case, as we shall see later on, the computer will
bring the function of control to its most powerful expression.

Finally, in the field of communication systems, before the harnessing of the
electrical signal as a means for telecommunicating, all communication systems
had to rely on man's senses, making use of either sound signals or light signals.
An ancient sound signal system is, for instance, "drum telegraphy". Its origins
are not quite clear but the Spanish conquistadores came across the invention in
the Amazon Valley while a similar system was found in Africa by European
explorers (Larsen,1977) (25). On the other hand, light systems seem to have
been widely used by most of the ancient civilizations. The two most commonly
mentioned methods were the use of fire signals at night and smoke signals in
daylight (26). Fire telegraphy is said to have been used by the Greeks to
communicate the fall of Troy across the Aegean Sea. Also, during the

Peloponesan War, in the fifth century B.C., fire and smoke telegraphy was

generally used as a strategic device (Larsen,1977) (27).

A different system of optical or light telegraphy was used by Alexander
the Great, who, in Wedlake's words, "anticipated the nineteenth century

heliograph by using a burnished shield to reflect the rays of the sun"
(Wedlake,1973,p.l3). The Romans seem to have been the first to use coloured

flags as a means for optical telegraphy. They favoured it to convey commands

(25) The ancient Mesopotamian civilizations, although they clearly knew the drum
(Greenhalgh,1974) seem to have developed no system of this kind. Even the Greeks, many
centuries later, still resorted to men of loud voices for their sound system of
telecommunicating (Larsen,1977).
(26) As with drum telegraphy, fire and smoke telegraphy both made use of two basic
principles found in most telecommunications systems today.These are coding and decoding of
the information transmitted and repetition to avoid the loss of information due to distance
(Overman,1974).
(27) Smoke telegraphy was also used by American Indians and, in Britain, by resident of
South West coast of England to warn of the coming of the Spanish Armada. And, according
to Overman (1974), it would still be in use in the Vatican "to give the outside world news
of a decision when the electoral College of Cardinals of the Roman Catholic Church meet at
the Vatican palace, cut off from the world to elect a new Pope" (Overman, p.19).
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and urgent messages during sieges and naval battles (Larsen,1977). Many
centuries later, a more sophisticated optical telegraph was deviced in Napoleonic
France by Claude Chappe. It was operational by the 1790s and consisted of

semaphore stations built on hilltops throughout France. "The system, which

reportedly could transmit messages a distance of 200 kilometres in 15 minutes,
remained in service until it was superseded by the electric telegraph"
(Boyle,1977,p.40).

The harnessing of electricity opened a new era in telecommunications no

longer restricted to man's aural and visual capacities. First, it was the electric

telegraph which can be dated back to 1753 to an anonymous letter published in
the Scot Magazine in Edinburgh, where a quite feasible telegraph to be operated

by a frictional electric machine was described in considerable detail

(Dunsheath,1962). Even so, the first working telegraph was built almost a

century later in 1833 by the German physicists Gauss and Weber. And the first
commercial telegraphic operations began a few years later, when, by the early
1840s, the Wheatstone-Cooke telegraph was installed in England and the Morse
system installed in North America. As the mastering of electricity progressed,
the electric telegraph was followed by the telephone, and the development of
wireless communications in the form of radio and television. As we shall see

later on, however, in the course of our discussion on the present convergence of
signal systems, nowadays, new light systems have been developed which are

enormously expanding man's capabilities to transmit data and information
[Boyle(l977), Busignies(l972)]. In this way, we go back in telecommunications to
one of the first energy signal used by mankind: the light signal of the

electromagnetic spectrum.

All in all, therefore, two points should have become clear as a result of
this brief excursion into the history of the area of signal systems. First of all,
that man's efforts to develop technical devices to perform the functions
associated with the area of signal systems is indeed very old. And, secondly,
that for most of their history, signal systems have developed as completely
separate areas of technical activity, involving different kinds of energy signals
and hence, with little technical possibility of convergence, let alone, of any

synergistic integration of the area of signal systems as a whole. For the latter
to happen, as we shall see in the following sections, an important number of
theoretical and technical developments would have first to come about. To these
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we now turn our attention.



2.3. The Basis for the Convergence of Signal Systems: Bitronic
Signal, Binary System and the Computer

From a technical point of view, the revolutionary character of

microelectronics, and, in particular, of the microprocessor is not the result of

any fantastic property which suddenly emerged during the 1970s. Indeed, as we

shall demonstrate, microelectronics represents only the crystallization of a long

process of theoretical and technical developments which has led progressively to

the convergence of signal systems and, simultaneously, to the latter's ever

widening spread into the technical base of society. In this context, we shall

argue that the revolutionary character of microelectronics is primarily the result
of two fundamentally interlinked processes.

a) The generation of a common energy "language" into which all energy

signals can conceivably be translated. Such a "language" has become a common

technical substance for all the signal systems, thus enabling their systemic
interrelation and convergence. The elementary constituent of this language is the
bitronic signal (28) which, in this way, constitutes itself in the focal point of
the universe of signals, i.e., the point towards which all other forms of energy

signals actually converge.

b) The spread of the "intelligent" capacities of the computer the., its

capacity to perform arithmetic and logical operations plus its memory capacity)
into the area of signal systems as a whole. This process which has gone hand in
hand with advances in telecommunications, has meant not only a major discrete
distribution of "intelligence" into signal systems but, most importantly, the

possibility of a systemic distribution of "intelligence" through the interlinking of

many and variegated signal systems, irrespective of their particular location.

It is our view that, as a result of these two processes, a convergence of

signal systems has developed which not only tends to blur the traditional
functional limits of every system but, also, tends to create the technical
conditions for a major synergism in the development of the area of signal
systems as a whole. The latter would be so because the process of convergence

would imply, in principle, that any advance in any one of the systems may

eventually benefit the development of the others and hence, of the area as a

whole. Let us see how this process has actually comes about, by reviewing, first,

(28) Bitronic signal refers to a kind of energy signal with the following characteristics:
digital, binary and electronics.
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the basic theoretical principles underlying the two interlinked processes above
mentioned and, secondly, their technical materialization with the advent of
electronics and, in particular, the latter's evolution into microelectronics.

2.3.1. The Logico-Mathematical Power of the Binary System

The bitronic signal is a signal which is digital, binary and electronic. This
means, firstly, that the particular kind of energy involved pertain to electron
devices or to circuits or systems utilizing these devices in which electricity
conduction is principally by electrons moving through vacuum, gases,

semiconducting and conducting materials (29). As such it is a very specific
kind of energy signal implying the mastery of forms of energy and matter quite
distinct from those associated with, for instance, the generation and control of
pneumatic and mechanical signals. Secondly, it is a digital signal, which means

that we are in the face of a non-continuous or discrete signal representation of
data. Finally, it is a binary signal, which means that only two values or signal
states characterize the digital representation of all data. These two values, which
may be the on/off position of a switch, the high/low level of a voltage or the

magnetized/demagnetized states of a magnetic spot, are normally associated with
the two digits 0 and 1 and each one of them is referred to as a binary digit or

simply bit. Our signal, therefore, is made up of electronic bits hence, the name

bitronic signal.

Making abstraction of the role of electronics for the time being, it is
possible to say that it is in the binary digital nature of the bitronic signal
where much of the explanation of the microrevolution actually lies. In effect, if
we take into account that the bit is at the very foundation of the binary
mathematical system, then we can realise that, in principle, a binary digital
signal can be used to reproduce all the enormous logical and mathematical power

(29) See McGraw-Hill Dictionary of Science and Technology (1978). According to this source,
electronics is the "study, control, and application of the conducting of electricity through
gases or vacuum or through semiconducting or conducting material". For Pierce (1977),
electronics has really come to mean all electrical devices for communication, information
processing, and control. This would include pre-vacuum tube devices such as the electric
telegraph which replaced such light-wave communication as semaphore telegraphs, signal flags,
and heliographs. It would include the telephone." (Pierce,p.l092) Other commentators,
however, consider that the pre-vacuum tube devices did not really perform any control in
the movement of electrons so that, the electronic era or, at least the modern electronic era,

only began with Flemings' diode in 1904 and De Forest's triode in 1906. See Atherton
(1984) who defines electronics as "the branch of electrical engineering specializing in the use
of and control of electrons" (Atherton,p.222).
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implicit in such a system. As we shall see below, this is the key to

understand what we have referred as the "intelligent" capacities of the computer.

Our immediate concern, however, is with the roots and the power of the binary

system and hence, with the theoretical roots of the process whereby the bitronic

signal has developed into a common language for all signal systems.

Historically, the roots of the binary mathematical system can be traced far
back to the first counting systems using the fingers to symbolize units. Indeed,
the very word "digit" derives from the Latin digitus, meaning finger. More

specifically, however, it is the emergence of the binary digital system (30) which
is more directly related to the bitronic signal. Its origins seem also to be quite
remote. For instance, Jacker (1964) reports that some Australian aborigenes -the
Kulin Kurrai of the Southeast and the Narrinyere of the South- and the tribes
of both sides of the Torres Strait which separate Australia and New Guinea,
count in this fashion, as do the Bushmen of Africa and some of the oldest

tribes of South America. Nevertheless, the first acknowledged attempt to deal

formally with the binary system is dated back to the 17th century and is
credited to the German Wilhelm Leibniz. He perfected the system in 1679 and

finally used it to attempt a "mathematical proof that God had created the world
out of nothing" (C. Evans,1981,p.30).

The importance of the binary system lies in that with only two numbers
-the digits 0 and 1- it is not only possible to represent any decimal number but
likewise to perform all arithmetic operations and, indeed, in principle, any

mathematical and logical task which has a precise algorithmic definition (i.e.
which can be decomposed into a series of well-defined procedural steps) (31).

The theoretical foundations of this possibility were first laid down by

George Boole, a British logician and mathematician, more than a century ago

(32). Boole showed that there was a close relation between logics and
mathematics (33) and that the logical structure of thought could be formalized

(30) Counting and arithmetical digital systems may have diverse bases. For instance, apart
from the binary (base 2) and decimal (base 10) systems, there are also pental (base 5), octal
(base 8) and vigesimal (base 20). It is in fact a matter of convention and convenience.
Jacker (1964) tells us of the existence of such vigesimal system among the Aztec and
Mayan civilizations and even today among the Eskimo, American Indians and African tribes.
Also she points to the Babylonian system which had a base 60.
(31) "By an algorithm is meant a list of instructions specifying a sequence of operations
which will give the answer to any problem of a given type" (Trakhtenbrot,1970,p.69).
(32) In 1847, Boole published his work Mathematical Analysis of Logic and some years later,
in 1854, another crucial piece of work describing his algebra of logic, An Investigation into

- 67 -



into simple mathematical expressions of a true-false nature. In his system, he
established two major principles: on the one hand, that statements involving
such logical elements as "if...then", "not" and "and" could be generalized into
abstract quantities like those used in algebra and that, like in algebra, they
could be operated on following specific rules. On the other hand, he established
that statements are either true or false and that this condition can be

determined provided that they can be expressed in terms of variables which are

themselves confined to the two "values" true and false. On this basis, the algebra
of logic, also known as Boolean algebra (34) or symbolic logic, was constructed.
Its most crucial contribution was to show that all logical analysis could be
reduced to the combination of three simple logical operators of a binary
character, namely, the NOT, OR and AND operators.

Simply, the NOT function negates a proposition, i.e., it changes it into its

opposite. Hence, if a proposition P is true then the NOT-P (P) is false and
vice-versa. The AND and OR functions operates on the basis of at least two

propositions, P and Q, and the rules are such that P AND Q (P.Q) will result
in a true "value" only if both propositions are simultaneously true. For all the
other cases P.Q will be false. Finally, the OR function (P+Q) will result in a

true "value" if either P or Q or both are simultaneously true. These rules can

be best appreciated in the "truth tables" of each operator given in table 2.1,
where the numbers 1 and 0 are used both to represent the "values" true and
false respectively and to emphasize the binary nature of the Boleean system. As
it is possible to see, with only two values 0 and 1 all the fundamental logical
operations can be performed.

But Boole's work into logics and mathematics also led to the understanding
of the logical foundations of mathematics. Most particularly, it led to show the

importance of the binary system in reducing mathematics to its most elementary
expressions. According to Bodington (1973) this work was brought to a

conclusion by Bertrand Russell and Alfred Whitehead in their Principia
Mathematica (35) which showed that "the main structure of mathematics may be

the Laws of Thought.
(33) "There is not only a close analogy between the operations of the mind in general
reasoning and its operations in the particular science of Algebra, but there is to a
considerable extent an exact agreement in the laws by which the two class of operations are
conducted..." Boole, G. Laws of Thought, 1854. Quoted by Goldstine (1972), p.36.
(34) Boolean algebra has been formally defined as a branch of mathematics based on the
works of George Boole, in which logical propositions are denoted by symbols and resolved
with binary operations" (Friedrichs and Schaff, 1982.p.35l).
(35) Principia Mathematica was written between 1910 and 1913.
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0

0

1

a) NOT function

P • Q

0

0

1

1

0

1

0

1

0

0

0

1

b) AND function

0

0

1

1

0

1

0

P ♦ Q

0

1

1

c) OR function

Table 2.1.- Truth Tables for the NOT,
AND, and OE Functions.
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deduced from a very small number of primitive ideas (such as negation and
alternation, e.g. 'either this or that')" (Bodington, 1973,p.42). Subsequent work
has confirmed this finding so that nowadays the general conclusion is "that
almost all mathematical operations, including even the most complex, can be

performed as a sequence of very small elementary logical steps" (ibid.) The
crucial point here is that insofar as these elementary logical steps are indeed the
same NOT, AND and OR functions of the Boolean algebra, then it is possible to

see that not only logical operations but almost all mathematical operations (36)
can ultimately be reduced to the combination of these three simple binary

logical operators. In the final analysis, such a reduction means that any logical
task as well as any mathematical task which can be algorithmically defined can

be performed on the basis of only two values, namely, 0 and 1.

The importance of the possibility of reducing logical and mathematical tasks
to simple binary logical operations cannot be overemphasized. For as Laurie
(1980) puts it, "if one can do any mathematical task, one can do any other task
that can be precisely defined" (Laurie,p.58). In other words, any task, in any

field, which can be theoretically understood and given and algorithmic expression
can, for the same reason, be translated into a combination of the elementary

binary logical operators NOT.AND and OR. As, in principle, the range of such
tasks pervades all spheres of human activities, we can see that in the binary

digital system we are indeed in the face of a system of almost universal

applicability. The practical meaning of this is very far-reaching. It means that if
a machine could be made that executes all the elementary binary logical
functions, then, in principle, a machine could be made that executes any

algorithm given the necessary time and information store. In the scope of its

applicability, it would be a sort of universal machine.

2.3.2. The Universal Machine

The theoretical foundations of the universal machine were established by
Alan Turing in his famous work "On Computable Numbers" (1937). Turing's
aim was to demonstrate the existence of a certain kind of mathematical

(36) As Turing showed in his famous 1937 paper "On Computable Numbers with an

Application to the Entscheidungsproblem" ( Proceedings of the London Mathematical Society,
Vol 42, No.2, pp.230-65) there is a class of mathematical problems which has no definite
solution, that is for which algorithms cannot be specified. According to Bodington, however,
"the practical significance of such 'algorithmic unsolvability' is not great"
(Bodington,1973.p.43).

- 70 -



problems which were algorithmically unsolvable (see note 36). With this

purpose, he deviced a conceptual machine of a binary nature, the Turing
machine (37). which given an appropriate code of instructions on a tape could
"carry out any operation which could be done by a human computer"
(Turing. 1970,p.226). In Pask and Curran's words, by a complex mathematical

proof, Turing showed that "using only three computable functions -addition,
subtraction and comparison- his machine could theoretically handle many

algebraic and mathematical operations" (Pask and Curran,1982.p.l9). Thus, in

solving his mathematical problem, what Turing simultaneously did was to

effectively laid down the theoretical foundations of the universal machine and
hence, of all current general purpose computing machines (38).

Indeed, Turing himself proposed the concept of universal machine as that
machine which was able to carry out all the tasks carried out by each specific
purpose Turing Machine. Theoretically, such a machine would demand an

unlimited tape (memory) and all the necessary instructions for the

accomplishment of. the tasks (39). In practice, such a machine has materialized
in the programmable digital computer. As Turing himself explained in 1950.

"Provided it could be carried out sufficiently quickly, the digital
computer could mimic the behaviour of any discrete-state
machine...This special property of digital computers, that they can
mimic any discrete-state machine, is described by saying that they
are universal machines. The existence of machines with this property
has the important consequence that, considerations of speed apart it is
unnecessary to design various new machines to do various computing
processes. They can all be done with one digital computer, suitably
programmed for each case." (Turing,1970,p231-232).

In conclusion, it is possible to say that some of the most crucial findings in

(37)" Alan's abstract computer, or Turing machine, as it was commonly referred to,
represented his masterful contribution to the development of the computer. A long tape,
divided into squares of 1 or 0, passed through the machine. Without any predetermined
instruction, the machine scanned the entire strip, one square at a time. At this point, since
there were stored instructions, the machine could change a 1 to a 0, or a 0 to a 1.
Likewise, it could easily move the tape in a forward or backward position by one square"
Rosenberg,1969,p.170). For a detailed explanation of the principles and workings of the
Turing machine, see Kemeny (1955), Hopcroft (1984). For a concise explanation see Hodges
(1983).
(38) As Stewart (1967) puts it: This attempt to formulate mathematically the notion of
effective calculability gave the world the concept of the Turing Machine and laid down the
foundation stone of automaton theory" (Stewart,p.vii).
(39) "If we allow the unlimited tape, the Turing idea astounds us further with a universal
machine. Not only can we build a machine for each task, but we can design a single
machine that is versatile enough to accomplish all these tasks...[Hence A.M.]...anything a
logical machine can do can be done by this single mechanism" (Kemeny,1955,p.6l).
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mathematics and logic have clearly, established the universal and practical
importance of the binary digital system. Not only any logical and mathematical
task which can be precisely defined can be expressed as a combination of simple

binary logical operators, but most importantly from a technical point of view, a

machine can in principle be built, which, basing itself on these operators, is able
to perform all such logical tasks which can be precisely defined.

The implications of this possibility are extraordinary since, in the final
analysis, it means that a machine can be built which, provided with the

appropriate set of instructions (40) (i.e. the algorithm would have been defined
beforehand), would be able to perform in any field where logical and
mathematical (e.g. decision-making and scientific calculations) operations are

involved and where the specific tasks can be algorithmically defined. In practice,
this means an almost universal range of applications, embracing, among others,
the fields of mathematical and scientific calculation, data processing in general,

modelling, simulation and control of continuous processes and discrete devices
both in real- time and pseudo-real-time (Davis,1977). All these tasks are

essentially logico-mathematical, and, however complex they may be, if the

algorithm can be defined, then they constitute the fertile ground for the

flourishing and spread of the universal machine. Presently, we shall see how
this machine has been taken to its most powerful materialization by
microelectronics. For the moment, we must turn our attention to the last major

aspect characterizing the power of the binary system, namely, its advantages

regarding signal transmission.

2.3.3. The Power of the Binary System in Signal Transmission:
Pulse Code Modulation (PCM) and Information Theory

Thus far we have seen the importance of the binary system in terms of
the pervasiveness of a logico-mathematical capability of a theoretical machine
built on the basis of the elementary binary logical operators. This alone gives us

a clear reason as to why the common technical language underlying the
convergence of signal systems is of a binary digital nature. Nevertheless, for an

effective convergence to take place, in the sense of the possibility of systemic
interactions between signal systems irrespective of distance, it is also

(40) This operation is the generation of software in computers. It involves the definition of
the algorithms and the codification of the different instructions defining the task. This is the
role of system analyst and programmers.
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fundamental that the possibility of an effective communication between them
should exist. Admittedly, such a communication could in principle take place on

the basis of any energy signal so long as the means necessary for their
translation and transmission are available. But, it is easy to realize that, just as

it happens with human communications, the existence of a technical language
with common characteristics would greatly facilitate signal systems'
communication and hence, the possibility of their systemic interaction. In this

respect, it may be postulated that, of all possibilities, the simplest ideal situation
will result when the technical language of signal systems is as much their

operational as their intercommunicating language (41). As we shall see below,
as far as the binary digital system is concerned, this is what is taking place

during the present technological revolution.

Apart from the criteria of commonality, there are two basic criteria which
would make a technical language a best option for signal systems
intercommunications. Firstly, it should offer the best advantages in terms of

quality and capacity of data transmission and, secondly, it should be possible
for any other kind of energy signal to be translated into it. The latter is a

technical problem related to the kind of energy involved in the representation of
data. Presently, we shall see that, at least for the case of electronics, there seem

to be no physical limitation which, in principle, would prevent the translation
of any kind of energy signal into the electronic form. For the moment, however,
our concern is again with the properties of the binary digital signal since, as

was the case with its logico-mathematical advantages, it also has enormous

advantages to offer in the field of signal systems intercommunication. This was

established by two great discoveries in the present century, namely. Alec Reeves'
pulse code modulation (PCM) in 1937 and Claude Shannon's information theory
in 1948.

(41) It is worthwhile to remind the reader that we are concerned here with the rise and

spread of the language of binary signals in the area of signal systems. This does not mean,
however, that this technical language is or will be the exclusive language of signal systems.
Such a situation is unlikely since it would imply that all kinds of signals would be always
translated in the binary form and, secondly, that only binary signal systems would be left
in the area of signal systems. On this score, we may cite Tribus and Mclrvine's words; "The
world of information technology includes both digital and analogue representations and the
use we make of them. The dramatic rise of the utility of digital computers sometimes lead
us to overlook the other common representations of information" (Tribus and
Mclrvine,1971,p.l84).
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2.3.3.1. Pulse Code Modulation

Alec Reeves' PCM brought about an important improvement regarding one

of the most troublesome problems affecting signal transmission, namely, noise
and interference. Noise is the result of unwanted random electrical energy

superimposing itself on the transmitted signal. Sometimes, it may be so great

that the signal itself is distorted in such a way that it becomes unintelligible. In
other words. In terms of data transmission, noise is a major source of error

(42). Prior to PCM, that is, with AM and FM alone, this fact imposed a

serious limitation in distant transmission. The fact that transmitted signals grow

weaker and weaker the farther they travel from their point of origin, means

that they have to be amplified. But, as Overman (1974) notes, amplification
itself adds noise to the signal so that "with FM, as with AM, there is a limit
to amplification beyond which the noise content of the signal becomes too great
a percentage of the whole. Beyond this point amplification is no remedy"
(Overman ,p.125).

Reeves realized that the root of the noise problem lay in the fact that both
AM and FM operates on the basis of analogue signals, i.e., in both systems the

output signals bear a continuous relationship to the input signals. Reeves worked
out a completely different system proposing the transmission of signals in a

coded digital form. The principles of such a system are well explained by

Busignies (1972), in relation to its most advantageous binary form (43).

"In pulse code modulation the signal consists of a rapid sequence of
pulses of constant amplitude arranged in binary-code groups (sequences
of O's and l's) that correspond to numerical values. The numerical
values represent the amplitude values needed to re-create the shape
of a signal, or the pulses can be used as a code to represent data bits.
The big advantage of pulse code modulation is that train of pulses can
be regenerated almost perfectly by any number of repeaters over any
distance, since the information is not related to the amplitude of the
pulses. This advantage is exploited to reduce the effect of noise, which
below a certain level is not transmitted at all." (Busignies,pp.103-104).

Therefore, by converting the original signals into trains of binary pulses,
any distance can be covered with noise and interference reduced to a minimum

(42) Different methods of transmission are affected by different sources of noise. A well-
known example is the interference caused by all electrical devices on the transmission of AM
radio signals. On the other hand, because of their much higher frequency of operation FM
radio transmission does not suffer fTom the same problem.
(43) For an explanation about the advantages of the binary form over other digital
alternatives (e.g. decimal), see Overman (1974). For details about how the process of
digitalization is achieved, see Brown and Glazier (1975), Frazer (1978) and Overman (1974).
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level while less stringent requirements are imposed on the amplifying equipment
(44). But PCM offers not just important advantages in terms of quality of data
transmission. It also offer great benefits in terms of the multiplexing (45) and
hence, capacity of data transmission. In effect, unlike "AM or FM signals, which
are continuous, PCM need only take up a small part of the available time on a

single telecommunications line. This means that multiplexing of PCM on a time
basis can easily be achieved" (Overman,1974,p.l30). The reason for this is that
when signals are translated or encoded into binary form, time gaps appear in
the transmission of the binary pulses. This time which can be considerable

depending on the speed of transmission of binary pulses (46) and the number of
bits required by each data, is taken advantage of by means of special circuits
which enable the interleaving of pulses from different channels before
transmission. In this way, transmission take place by bursts of millions of
pulses and at the receiving end the different channels are separated and the
pulses decoded to reconstruct the original signals.Thousands of signals are thus
transmitted simultaneously with negligible problem of noise and interference.
Pulse code modulation, therefore, has established, unequivocally, the power of
the binary digital signal in the field of communications.

2.3.3.2. Information Theory

In 1948, Claude Shannon would further emphasize the importance of the
binary system by making it the base of his information theory (47). In his
own words,

"...information theory is concerned with the discovery of mathematical
laws governing systems designed to communicate or manipulate
information. It sets up qualitative measures of information and the

(44) "Since minor distortions in the shape of the pulse are of little consequence, the
weakened pulses can be detected and regenerated without imposing stringent requirements on
the amplifiers" (Boyle,1977,p.43).
(45) Multiplexing is the simultaneous transmission of several signals along a single path
without any loss of identity of an individual signal. The most well-known form of
multiplexing is the frequency-division multiplexing (fdm) where signals are transmitted
simultaneously at different frequencies along the channel. At the receiver they are again
distinguishable by their different frequencies. On the other hand, a more recent development
is time-division multiplexing (tdm) where the input signals are sampled and transmitted
sequentially so that each input signal is transmitted over the common channel during a set
of predetermined time intervals.
(46) Consider that a modern telecommunication line can carry several million binary pulses
a second.

(47) Shannon first put forward his ideas in an article, "The Mathematical Theory of
Communication", published in the Bell System Technical Journal, Vol 27, No.3, July 1948.
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capacity of various systems to transmit, store and otherwise process
information." (Shannon,1969,p.246).

For some commentators, information theory is really the decisive aspect in
the present technological revolution. Laurie (1980), for instance compares its

importance to the theory of relativity. While Bell (1980) bluntly suggests that
the "core of the present communications revolution is not a specific technology
but the set of concepts represented by the term information theory." (Bell,p.506).

In Shannon's theory, information amounts to what we have called as

energy signals. Thus, it includes

"...the messages occurring in any of the standard communication
mediums such as telegraphy, radio or television, the signals involved
in electronic computing machines, servomechanisms systems and other
data-processing devices, and even the signals appearing in the nerve
networks of animals and man. The signals or messages need not be
meaningful in any ordinary sense." (Shannon,1969,p.246).

It is not difficult to see that all our signal systems are clearly contained
here so that, it is safe to say that, in our terms. Shannon's information theory
is indeed the mathematical theory of signal systems communication.

Before Shannon there was no quantitative measure of information and of
the effectiveness of communication systems. Information theory provided the
communication engineer with both and, as a result, "made it possible to

distinguish between what is possible and what is not possible" (Pierce,1972,p.33).
In effect, by showing the statistical nature of communication and using the bit
as the basic quantitative unit, Shannon established the principles of how to

measure the information rate of a signal source and the capacity of a

communication channel in bits per seconds. This firmly established the binary

system at the very heart of information theory (48). A crucial result of this

theory is that it makes possible enormous savings in transmission time "due to
the statistics of the message source" (Shannon,1969,p.248). In other words, by

knowing the the statistical structure of the signal source, the engineer need not
transmit that part of the message, i.e., those data which can be predicted (49).

(48) This has led Laurie (1980) to point that, "Looking at things as the result of yes or no
[O's and l's A.M.] guessing games is what information theory is all about" (Laurie,p.39).
(49) A typical example shows that, for transmission purposes, English is 80 percent
redundant. This is the result of very unequal frequencies of occurrence of different letters,
pairs of letters and the existence of frequently recurring words, phrases and so on. Thus, if
written English were to be encoded into binary digits and each letter had the same

frequency of occurrence, then 4.76 bits per letter would be necessary. Since this is not the
case, in practice, only 1 bit per letter is required. This means an 80 percent redundancy for
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Proper encoding, however, would be necessary and, as Shannon found, there is
no other method of encoding more economical than that provided by the binary

digital system. At the same time, the binary digital system provides great

advantages in terms of error-free transmission. This is so not only because of
the better noise- resistant characteristics of pulse code modulation but also
because, however noisy the channel, it is possible to calculate its capacity and
construct codes that will transmit a series of binary digits at a rate less or

equal to this capacity. Given this condition, then, as Galleger points out,
"encoders and decoders can be constructed such that the source output is
recreated at the destination with as small an error probability as desired"
(Galleger, 1981,p.576). These codes are called error-detecting codes (50) and, in

principle, enable error-free transmission over noisy communication channels - in
Fleck's words "perfect transmission from an imperfect system".
(Fleck,1973,p.l44).

In conclusion, it is possible to say that, from the point of view of signal
systems intercommunication, it is again the binary signal that offers the major
advantages in terms of quality and capacity of data transmission. Both PCM and
information theory have plainly established this fact thereby, making it the
most powerful option for the technical language of signal systems interlinking.

This means, therefore, that, in addition to the crucial importance of the

binary signal regarding the potential all-pervasiveness of the universal machine
constructed cn the basis of the elementary binary logical operators, we now

have its crucial importance regarding data transmission and communication. It is
possible to state that both these facts constitute the underlying theoretical pillars
upon which the predominance of the binary signal has been built. In other
words, they would explain why, of all possible forms, it has been the binary

digital signal which has come to establish itself as the common technical
language of the process of convergence of signal systems.

Having arrived thus far, only one further piece is needed to complete the
jigsaw of theoretical developments underlying the microrevolution. This is the
translation of the Turing's universal machine into a workable technical concept

enabling its practical materialization. As it happened, the bases of this workable

the language.
(50) For details about different error-detecting codes, see Galleger (1981) and Brown and
Glazier (1975).
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concept preceded Turing's own achievement by several decades. They were lay
down by Charles Babbage in the first attempt to build what was indeed the
first general purpose computer.

2.3.4. Babbage's Analytical Engine! The Basis of a Workable
Technical Concept of Universal Machine

As it was indicated at the end of our discussion on Turing's universal
machine, the digital computer realizes, in principle, all the capabilities of the
universal machine. In Simon's view,

"A computer can read symbols from an external source, output
symbols to an external destination, store symbols in one or more
memories, copy symbols, rearrange symbols and structure of symbols,
and react conditionally -That is follow one course of action or
another, depending what symbols it finds in memory or in its inputs
devices. The most general symbol-manipulating system that has been
defined, the so-called Turing machine, requires no broader capabilities
than these." (Simon, 1980,p.42l) (51).

If in Simon's passage we read "data" instead of "symbol", with data

including both symbolic data and real-time data, we can better see, in our

context, the all-pervasiveness of the computer regarding the area of signal
systems and, ultimately, the entire technical base of society.

The basic principles of all modern computers were proposed long before

Turing by Charles Babbage in his Analytical Engine (52). Babbage first worked
on a calculating machine called the Difference Engine. This machine "accumulated
differences to produce tables for navigation, insurance, and astronomy"
(Fleck,1973,p.l4). He designed it in 1823 but never completed it (53). In 1833,
during an interruption of his work on the Difference Engine, Babbage conceived
the idea of the Analytical Engine, a machine which "would be able to perform
any calculation whatsoever. It was, in fact, the first universal digital computer,

(51) In a different manner, a computer can be defined as a device or machine that receives,
stores and performs programmed logico-mathematical operations upon data in order to
produce a desired result which may be communicated to an operator and/or other devices
acting as its output peripherals. In the next section we shall discuss the computer in greater
detail.

(52) In functional terms, it is clear that the mechanical or other automatic calculators, as
those we encountered earlier, are part of the long historical roots of the computer. Here,
however, we are concerned with the computer as the realization of the universal machine.
(53) The first Difference Engine was in fact built by Scheutz, a Swedish engineer, and
exhibited in London in 1854, where Babbage himself was able to admire it. For details, see
Goldstine (1972), Lindgren and Lindqvist (1982) and Bromley (1983).
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as the expression is understood today, and Babbage devoted the rest of his life
to an attempt to perfecting it." (Bowden,1971,pl0).

The Analytical Engine was to have the following parts.

a) an arithmetic unit for the performing of basic operations on data. Babbage
called it the mill (54).

b) a memory for the storing of numbers and instructions needed for the process

of computation. Babbage referred it as the store (55).

c) a control unit to ensure that the engine carries out its instructions in the

proper order. It was to allow iteration and conditional branching.

d) Input devices for inputting data and operating instructions. These were based
on the principle of Jacquard's looms cards (56), a device for automating weaving
first used in the early 19th century (57).

e) output devices for communicating the results of the operations performed by
the machine. Punched cards were proposed as one form of output but the

printing of the results by the machine itself was considered to be a better
error-free alternative (58).

As we shall see below, these are exactly the general capabilities of all
modern general-purpose computers. Had Babbage succeeded in his Analytical

Engine, he would have actually built the first digital computer long before its

(54) "The mill into which the quantities about to be operated upon are always brought"
(Babbage,1970,p.l9).
(55) "The store in which all the variables to be operated upon, as well as those quantities
which have arisen from the results of other operations, are placed."(ibid.)
(56) "Although Jacquard is commonly thought to have originated the use of cards, it was

actually done first by Falcon in 1728. Falcon's cards, which were connected together like a
roll of postage stamps, were used by Jacquard to control the first fully automatic loom in
France and latter appeared in Great Britain about 1810." (Reid-Green,1978,p.89).
(57) Indeed, the Analytical Engine was clearly inspired by the automatic operation of
Jacquard's looms. Like the latter cards with holes were to be used as inputting devices. In
Babbage's words: "There are therefore two sets of cards, the first to direct the nature of the
operations to be performed -these are called operation cards; the other to direct the
particular variables on which these cards are required to operate -these are called variable
cards" (Babbage,1970,p.l9).
(58) "The Analytical Engine will contain... First. Apparatus for printing on paper, one, or,
if required, two copies of its results... Second. Means for producing a stereotype mold of
the tables or results it computes... Third. Mechanisms for punching on blank pasteboard
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materialization in the present century. Unfortunately for Babbage, the

technology of the time was far behind his visionary ideas. He had envisaged the
vise of steam to power it and the memory was intented to store 1000 decimal
numbers, each with up to 50 digits (59). This was an impossible task. As
Atherton (1984) concludes, this "machine was never built...partly because of

Babbage's hunt for perfection and partly because of the limitations of the
mechanical engineering of the day; but the design incorporated the major features
of todays digital computers except that they were to be achieved mechanically
instead of by electronics." (Atherton,p.27l).

Indeed, it would be only with the advent of electronics and, in particular,
microelectronics, that the enormous logico-mathematical power and potential all-
pervasiveness of the universal machine would begin to materialize. On the basis
of the binary signal, and to an extent which could have been hardly envisaged

by Babbage and Turing, electronics would finally lead to both the massive

availability and spread of "intelligence" (i.e.. logico-mathematical and memory

capacities) throughout the area of signal systems and the consequent realization
of the bitronic signal as the basic operational and intercommunicating language
of all signal systems. It is to the examination of this process which, as we have
said, is at the heart of the microrevolution, that we now turn our attention. We

start with the materialization of the universal machine in the form of the

programmable, digital, electronic computer.

2.3.5. Electronics and the Programmable Digital Computer: The
Realization of the Universal Machine

The fundamental concepts of the Analytical Engine had to wait for
electronics to achieve their fully-fledged practical development. Prior to the

emergence of the general purpose electronic computer, however, a number of
other machines had been designed and built which went a long way to fulfill
the principles of Babbage's Engine (60). As Pask and Curran 1982) explain.

cards or metal plates the numerical results of any of its computations"(Babbage,1970,p.2l),
(59) This was an enormous demand, far beyond the storage capability of all the first
electronics computers built during the 20th century (Bowden,1970). For further details on
the capabilities of the Analytical Engine, see Morrison and Morrison (1961) and H. Babbage
(1984).
(60) For a list of these machines and their characteristics, see Atherton (1984).
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"...in the 1940s, two machines were constructed which substantially
fulfilled Babbage's dream. One was American, the Automatic Sequence
Controlled Calculator, or ASCC, designed by Howard H. Aiken of
Harvard University, and built by IBM in 1944. The other was
German, a machine designed along similar principles by Konrad Zuse,
the Z3, completed in 1941. These were both electromechanical
machines, based upon electromagnetic relays." (Pask and
Curran,1982,pp.16-17).

But electromechanical machines were shortlived. Soon they were to be
overtaken by the new breed of electronic machines seeking to exploit the power

and the speed of electronics operations (61). The first of these machines to

become operational was the Colossus I, a code-breaking electronic digital

computer, built in Britain in 1943. Colossus, however, was a special purpose

machine, "dedicated to the task of code-breaking and not modifiable, without

very considerable difficulty, to tackle any other problem" (C.Evans,1979,p.40).
But the first general-purpose electronic digital machine was to follow shortly. It
was the Electronic Numerical Integrator and Calculator, or ENIAC, built in USA
between 1943 and 1946. For C. Evans (1971) this is "the machine which

ushered in the computer age" (C.Evans,p.42). An opinion not shared by Atherton
(1984), who argues that, insofar as ENIAC could not store and manipulate its
own programs, it was, like its predecessors, still an automatic calculator rather
than a computer (62).

The importance of the stored program, however, had been recognized by the
ENIAC team itself so that, even before the ENIAC was completed, design work
on its stored-program successor, the EDVAC (Electronic Discrete Variable
Automatic Computer), had begun (Atherton,1984). The EDVAC concept was

primarily the result of the work of the Hungarian-born mathematician John von

Neumann (63). In 1945, he described the machine in his "First Draft of a

(61) "...the speed factor for multiplying between the Harvard machine and the ENIAC [the
first general purpose electronic digital computer A.M.] was roughly 500 to 1 in favour of
ENIAC...In spite of the various arguments about the importance of reliability as against
speed, the factor of 500 was to be determining and doomed the electromechanical approach."
(Goldstine,1972,p.ll7).
(62) In most historical accounts of the computer, ENIAC is acknowledged as the first
operational general-purpose electronic computer.
(63) As Davis (1977) describes, he "conceived and described in the 1940's the notion that
the instructions for the computer be written in the same form as the data being used by
the computer; then instructions could be operated on just as could numbers; this allowed
instructions to be modified and different sets of instructions to be selected based on

intermediate results derived by the computer with no human intervention." (Davis,p.l096). In
addition, for this commentator, this is "probably the most distinctive feature of the new

computer of the 1950's and the single characteristic which has led to the so-called "Second
Industrial Revolution", or the computer revolution of the latter half of the 20th century."
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Report on the EDVAC" and proposed the concept of internally stored program.

At the base of this concept was the use of the binary digital system and the
Boolean Algebra. This was a major breakthrough. For the first time, electronic

digital computers were about to exploit not only the concept of stored program

which the use of the binary system made possible but, above all, the logico-
mathematical power of the binary system itself (64) Let us quote in extenso

Marsh's description of the impact of the EDVAC step.

"The next, decisive step in the history of the computer came just after
the war finished. An engineer at the University of Pennsylvania, John
von Neumann, gave a series of lectures on the binary system and its
potential for the computer. He explained that not only was a two
digit system admirably well suited to an electronic device that could
recognise current 'on' or current 'off' as equivalent to either of the
two digits, but that the binary system could give computers a way of
working out ideas not just numbers...He said that the binary system
could act, not only as a code for the decimal numbers familiar to
everyone, but for thought and actions which were part of everyday
life. This was a bombshell. Until then mathematicians had looked

upon computers as increasingly more advanced machines for performing
numerical calculations. Now someone was proposing a far wider use
which had virtually no limits. Von Neumann's ideas...set the scene for
the huge range of applications possible for today's microprocessors, and
the idea of the all-encompassing 'decision-making' machine"
(Marsh,1981,p.30).

The first binary computer appeared after the war. But it was not.EDVAC
as work on that machine had been delayed following the end of the Second
World War. EDVAC was completed later in 1951, but, by the time, the

Cambridge University EDSAC (Electronic Delay Storage Automatic Calculator)
had already become operational in 1949 (Marsh,1981).

At last, therefore, the functional capabilities of Babbage's Analytical Engine
as well as the generality of the Turing's universal machine had become a reality
embodied in the electronic, digital, stored-program, general-purpose computer.

Indeed, the computer, as we shall simply refer it from now on, was to go

beyond the generality of purpose envisaged by both men, who originally deviced
their machines in relation to mathematical calculations. Now. by exploiting the

logico- mathematical power of the binary system, the electronic computer was to

expand its application-potential to the entire area of signal systems and to all
those tasks which could be algorithmically defined. The unrelenting march of the
bitronic signal had begun! Let us briefly see the basic characteristics defining all

(ibid).
(64) Colossus and ENIAC, though electronic and digital machines, both worked by the
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modern computers.

2.3.6. Basic Characteristics of Modern Computers

Like Babbage's engine, the modern computer is made up of input/output
devices, the central processing unit (CPU) containing both the arithmetic and
logic unit (ALU) and the control unit, and the memory. These functions are

illustrated in the block diagram of figure 2.1. As we know, the input devices
are the means whereby the program of instructions and data necessary for the

accomplishment of the task are fed into the central processing unit, while the

output devices are the means whereby the results of the CPU's operation are

communicated to operators or other devices.

In fundamentals, all kinds of input and output devices fulfill the same

basic function, namely, they translate energy signals from whatever kind into
bitronic signals and vice-versa for the necessary operation of the computer.

Regarding the inputting and outputting of symbolic data, for instance, some

well-known input devices are card and magnetic tape readers, keyboards and
optical scanners, while well-known output devices include cathode-ray tube

displays, printers and teletypewriters. On the other hand, regarding the inputting
and outputting of real-time data, they include all the different kinds of sensors

and communicating and actuating devices of computerized machines such as

numerically-controlled machine tools, robots, and instrumentation. The latter
devices, therefore, are, above all, those which effectively make possible the
focalization of the universe of signals around the particular energy signal of the
computer i.e., the bitronic signal. In general, however, it is clear that it is the
entire range of input/output devices which is involved in the process we have
referred to as the spread of the "intelligent" capacities of the computer to the
area of signal systems as a whole.

The memory is the place where the program of instructions, data and
results are stored until they are required during the operation of the computer.
Modern computers possess not just one kind of memory but a memory

hierarchy which satisfy different requirements. Terman (1977) distinguishes three
levels. The buffer memory where the program of instructions and data in active
use are stored for their quick accession by the CPU. The main memory which
offers a large storage capacity inside the computer and the back up storage

decimal system.
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systems such as magnetic disks and tapes which gives the system unlimited
storage capacity. Operationally, however, only the first two levels of memory

constitute what is properly the internal storage capacity of the computer.

Very much like the "mill" in Babbage's engine, the heart of the modern

computer is its CPU where the instructions and data are actually processed. In
effect, the CPU performs all the basic binary arithmetic and logic functions and
coordinates and control the operation of the entire system. These functions are

accomplished through its constitutive elements, namely, the ALU and control
unit together with associated buffer memory (65). The ALU deals with the
arithmetic and logic operations while the control unit is in charge of
coordinating and controlling the various parts of the computer system in
accordance with the content of its programmed instructions. It is in the CPU,
therefore, where the "intelligent" capacities i.e., the logico-mathematical power of
the computer actually resides. And the secret of such a power rests on one

simple fact, namely, the ability to reproduce electronically the elementary
constituents of the binary digital system and the Boolean algebra, that is to say,

the binary pair 0 and 1 and three elementary logical operators NOT, AND and
OR. Let us see how this is accomplished.

2.3.7. Switches and Logic Gates: The Materialization of the Basic
Constituents of the Binary System

In principle any pair of a physical kind, such as high-low voltage or

open-closed switch, can be used to symbolize abstract pairs such as true-false or

0 and 1. All that is required is to set up a conventional relationship of
correspondence between the abstract and the physical pair. By extension, any

device which is able to operate this physical pairs in accordance with the basic
rules of the Boolean algebra can be used to symbolize the logical operators NOT,
AND and OR. In the latter respect, however, some physical pairs are better than
others so that their choice will clearly determine the ability of the system to

exploit the potential of the binary digital system.

In practice, it has been the switch and, in particular, the electronic switch
which has offered the greatest advantages. As a result, the on-off states

characterizing the switching function have come to materialize, in the technical

(65) Some authors consider the function of the buffer memory so close to the CPU
operation as to be part of it. See Toong (1977) and Mayall (1980).
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realm, the binary digits 0 and 1. The reason for this has been that from the
switch to the reproduction of the logical operators NOT, AND and OR there is

actually a straightforward step. Indeed, only the most simple configurations of
switches are needed to reproduce all their possible values as given in the truth
tables. These configurations are known as logic circuits or logic gates and they
constitute the actual functional units of all binary digital computers. Figure 2.2
illustrates the configuration of switches involved in each one of the logic gates

as well as their common symbolic representation. In each of the circuits, apart

from the switches themselves, there is a 1 volt battery and a 0-1 scale
voltmeter to help us to explain the basic operation of the logic gates.

As regards the NOT gate, for instance, if we consider voltmeter P as

measuring the input of the NOT gate and voltmeter P as measuring its output,
then at all times the value of P will be the inverse of the value of P. This is

so, because when the switch is in position P, electric current only flows through
the path of voltmeter P, which then reads the value 1. At the same time, since

path P is open-circuitted voltmeter P reads 0. If the switch is changed then the
situation is inverted. As regards the AND gate, it is possible to see that current
will only flow through the circuit when the two switches P and Q are closed.

Only in these circumstances the voltmeter P.Q reading the output will show the
value 1. For all other possibilities, it will read 0. Finally, in the case of the OR
gate, only one of the switches need be closed for the circuit to conduct

electricity. Hence voltmeter P+Q will read 0 only when both circuits are

simultaneously open. For all other possibilities it will read 1.

In this way, we can see how through switches and logic gates the
fundamental operators of the Boolean algebra are technically reproduced. The
specific features of such switches and logic gates, however, is something that
will depend upon the state of development of switching technologies. Thus, how
small and reliable the switches and logic gates will be, and how fast their

switching speed will be, is something that has varied sharply in the span of a

few decades. The reason is simple. The smaller, faster and more reliable the
switches and logic gates are, the more powerful, smaller and versatile the
computer is likely to be, or, what amounts to the same thing, the greater the

possibility of fully exploiting the enormous power of the binary system. As a

result, it is not surprising to find that the search for ever-more powerful and
versatile switching and logic gates technologies has been, to a large extent, the
underpinning factor behind the technical process leading to the microrevolution.
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In effect, as we shall see below, microelectronics itself has been the result

of this process, and the constant improvement in switching and logic gates

techniques which it has brought about has been at the heart of the convergence

of signal systems and the spread of computer "intelligence" throughout the
technical base of society. It has been a sequence of technical waves with

improvements in switches and logic gates enabling improvements in computing

power, with the latter enabling the computerization and convergence of signal

systems and with the whole process of changes gradually spreading throughout
the technical base of society. The way in which this process has taken shape
and the fundamental alterations which is bringing about, and which explain the
technical nature of the microelectronics revolution, will be the subject of the

following analysis.
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2.4. Towards the Microelectronics Revolution: The Emergence of
the Electronic Switch, and the Discrete-Transistor-Based
Wave of Computerization Within the Technical base of
Society

Historically, the first switching technology to be used was not electronic
but mechanical. It corresponded to a calculating machine using a binary method
of operation designed by the German Konrad Zuse between 1936 and 1938. It
was called the Z1 and used a system of mechanical relays which in the event

proved to be slow and unreliable (C. Evans,1981). In his Z2 machine built in
1939, Zuse substituted the mechanical switching elements by electromagnetic

relays, thus gaining in speed and reliability. Although aware of the enormous

switching speed of thermionic valves, Zuse thought them unreliable so that, his
Z3, which we have encountered before, still made use of electromagnetic

switching elements.

During the same period, progress in binary techniques was made in other

places as well. In 1937, Claude Shannon -whom we have met in relation to

information theory- described in his Master's thesis at MIT, "a way of using

symbolic logic to improve electrical switching circuits. In one example, he
showed how to simplify an 'Electronic Adder to the Base Two'"
(Fleck,1973,p.l21). During the same year, George Stibitz from Bell Laboratories,
USA. built such an adder using electromagnetic relays (ibid.). As we saw before,
however, the period of the electromagnetic switching techniques was rather
shortlived. The huge speed advantages of the thermionic valve as a switching
device was to prove the determining factor.

With thermionic valves, logic gates could be built which would operate

hundreds of times faster than the electromagnetic counterparts. Indeed, the

simple switch to the valve so decisively improved the data processing speed and

capacity of the computer, that the ENIAC, for instance, could do more in an

hour than the electromagnetic ASCC could do in a week (Pask and
Curran,1982). As for the invention of the basic electronic gates themselves. Bell
Laboratories has claimed credit for A.W. Horton (OR gate, 1939) and W.H.
Holden (AND gate, 1941). The NOT gate resulted from a simple one-valve
circuit configuration as the output signal of the valve is always the inverse of
its input signal. The electronic valve, however, was just the beginning of the
electronic era, for as switching technology it could hardly have been the base of
a process of massive computerization. ENIAC, for instance, occupied 3,000 cubic
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feet, weighed 30 tons, contained 18,000 vacuum tubes and consumed 200
kilowatts of electric power (Burns,1981). As it has been said, its "power
consumption was equivalent to 180 single-bar electric fires, and in spite of its
size, it was only capable of carrying out the simple calculations that are now

done by millions of people on their pocket calculators..." (Mavor,1982,p.2)

2.4.1. The Transistor

Not sooner had the first valve computers made their appearance when a

new and more powerful switching and logic gate technology began to develop. It
was the transistor, a solid-state, semiconductor device (66) developed in 1947 by
John Bardeen, W. Brattain and W. Shock ley at Bell Laboratories. The Bell Labs'

team was primarily looking for a more reliable and efficient amplifying device to

replace the thermionic valves in telecommunication systems. The transistor,
however, could also act as a switch suiting admirably well the new breed of
stored-program computers which had began to emerge in the early 1950s. The
result was staggering as Noyce (1977) explains: "The advent almost

simultaneously of the store-program digital computer provided a large potential
market for the transistor. The synergy between a new component and a new

application generated an explosive growth of both." (Noyce,p.63) (67).

As a switching technology, the transistor meant a great improvement over

the valve. It performed all the functions of the triode but faster, more reliably
and more cheaply. It was solid, considerably smaller in size and its operation

required much less power with little heat dissipation [English(l979),
Mayall(l980)]. In short, the transistor offered important technical and economic

advantages so that, in the circumstances, it was inevitable that it would displace
the valve from many old applications (68) while creating new ones for itself.
Indeed, on closer examination, the transistor actually came to inaugurate a new

stage of technical development in the fields of computers and telecommunications
and, indeed, the first great wave of signal systems' expansion and the

(66) Transistor is an active semiconductor device with three electrodes (emitter, base and
collector). It can be used as a switch or an amplifier. On the other hand, a semiconductor is
a material, such as silicon, which can be arranged to conduct or insulate from electricity. It
has a crystal structure whose atomic bonds allow the conduction of current by either
positive or negative carriers when the appropriate dopants are added (Forrester,1980). For
simple explanations, see Meindl (1977) and Ide (1982).
(67) The reason is that digital systems require very large numbers of active circuits
compared with systems having analog amplification such as radios (Noyce,1977).
(68) "The traditional valve was relegated to the function of switching high voltages and
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beginnings of the synergetic development within the area of signal systems as a

whole. This is the reason leading Marsh (1981) to state that,

"The manufacture of the first transistor was one of those important
events that ranks with the times when people first learnt to make
axes out of stone, or drinking vessels out of stone, or, more up to
date, when they found how to harness steam power effectively and
sparked off the industrial revolution in England some 200 years ago."
(Marsh.p.37).

2.4.2. The Transistor and the Beginnings of Signal Systems
Convergence

In the field of computers, the transistor gave rise to what is known as the
second-generation computers i.e., transistor-based machines characterized by
greater speed and storage capacity, smaller size but, at the same time, less
expensive than earlier models (Silver,1979). In effect, the switching speed of the
transistor meant that the CPUs of the second generation of computers could
operate in the microsecond (one millionth of a second) speed range. While, at
the same time, the smaller size meant the possibility of computers with 10 to
100 times more active components than the biggest of the previous vacuum-tube
generation of machines [Anderson(1973), Atherton(1984)]. Of course, the
invention of the transistor did not mean its immediate application. In fact, they
only became commercially available from about 1953 onwards (69). For some
commentators this was the event that marked the start of the second generation
era (Burns,198l). Others put it around 1959 the date by when the technology
of the transistor had become really mature [Atherton(l984), Anderson(1974),
Brock(l975)] (70).

In the field of telecommunications, the transistor made possible the spread
of PCM techniques and the first true important steps in the direction of its
convergence with the field of computers. As Mayo (1982) explains "vacuum
tubes were unreliable, power hungry, and costly. The availability of the
transistor made pulse code modulation practical for commercial applications."
(Mayo,p.832). As a result, transistorized electronic binary digital techniques
started to change the body of the telecommunication network with the computer
beginning to pervade and take command of the tasks of control. In Mayo's
words,

"Early solid-state circuits, though costly, were promptly used in two
digital systems: the T-l carrier system, which placed 24 voice channels
on a single pair of wires in ordinary telephone cable, and the No. 1
electronic switching system (ESS), which used the techniques of a
digital computer to control the switching of telephone calls. Both
applications of solid-state digital technology proved remarkably

heavy currents -jobs which tended to destroy transistors." (English,1979,p.l2).
(69) "In January 1953 Electronics carried the news that Raytheon was mass-producing
junction transistors, the first time the device had been available apart from sample lots from
pilot runs." (Atherton,1984,p.246).
(70) At any rate, the first fully transistorized computer was built in 1956. It was built by
Bell Labs and called the Leprechaun (Pask and Curran,1982). According to Katz and Phillips
(1982), however, Borroughs delivered the ATLAS guidance computer to the US Air Force in
1955. It is said to have been the first operational transistorized computer.
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successful. The T-l system went into service in 1962...The No. 1 ESS
went into service in 1965...[In addition A.M.]...transistor technology
meshed neatly with rapidly evolving space technology, leading to the
success of J.R. Pierce's proposal for communication satellites...The
Telstar satellite -the first radio repeater to be placed in earth orbit-
was launched in 1962." (Mayo,1982,pp.833 and 832).

As we can see, therefore, the transistor meant not only a tremendous leap
for both computer and telecommunication signal systems. By enabling the spread
of computers into the telecommunication network, it also gave an enormous

impulse to the convergence of both systems. In addition, with the transistor the
distance barriers for the spread of the bitronic signal also began to fall as

communication satellites began to populate space.

But the spread of the logico-mathematical capability of the computer into

systems of control did not stop in the field of telecommunications. Indeed, since
the completion, in 1951, of Whirldwind I, a digital computer which made

possible real-time analysis of data (71), the computerization of control had

begun to move into the area of industrial control (72), thus beginning to alter
the industrial base of society. An early example was the first numerically
controlled machine tool completed in 1952 at the MIT (73). This machine used
a first-generation computer technology and it was devoted to perform very

complex tasks in the aircraft industry. Other machines followed so that by the
mid-fifties, in 1956, "at least 15 manufacturers...offered punched cards or

magnetic-tape-programmed milling machines to the metal working industry." (
Electronics, 1980,p.215). Just as happened with the first-generation computers,

however, apart from expensive and complex, these early NC control systems

"were huge, unreliable masses of vacuum tubes and relays."
(Merdinger,1977,p.695) (74). As a result, they spread only in a very limited

(71) This project began at MIT's Servomechanism Laboratory in 1944 as an effort to develop
an airplane stability and control analyzer for the Navy. The result was a 5,000-tube,
11,000-diode machine that operated in 15 binary digits. ( Electronics, 1980,p.295).
(72) Prior to Whirlwind I, by 1950, continuous process industries such as chemical,
petroleum, textile, pulp and paper, metal-working, and food industries, all had experimented
with new generations of electronic measurement and control hardware and even with
automatic process-control systems (Ibid.p.315).
(73) The research work had been commissioned by the US Air Force in 1948. The "first
numerical control, a complex three-axis contouring type which took information from
computer-generated magnetic-tape input, was retrofitted to a large vertical milling machine
that had previously been tracer-controlled." (Merdinger, 1977,p.692).
(74) "All the disadvantages of the valve were magnified by the conditions which prevailed
on the factory floor. Space was at a premium; the heat the valves generated caused cooling
problems. Most importantly their unreliability demanded constant maintenance which was
difficult to provide without a team of highly qualified engineers in attendance. In addition,
valve computers were usually far too expensive to be justified in industry. It was cheaper
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fashion during the 1950s. According to Layton (1972), a mere 173 machine tools
were sold in the years 1954-1958 in USA. and in Europe progress was even

slower.

The arrival of second generation computers was to change considerably the
situation regarding industrial control as it also saw the arrival of the second

generation of smaller, more powerful and more reliable computer control

systems. As a result, there was an important leap forward in the penetration
of industry by the logico-mathematical capabilities of the computer. In 1959-
1960, the first three chemical plants under digital-computer control were built

(Bright,1977,p.746). Subsequently, computer process control extended itself to

oil refineries, many types of chemical processes, steel and brass rolling mills,
blast furnaces, paper mills, etc. (Ibid.). By 1966, more than 500 computer

control systems were in operation in continuous process industries (L.Evans,1977)
and the increases in control capability were enormous. Indeed, in 1961, IBM was

able to announce a control system that scanned up to three hundred instruments
at regular intervals to give instructions to an operator about how to modify
chemical processes (Marsh,1982). While, a few years later, in 1964, direct

digital control (DDC) of industrial plant processes came onto the scene. This

technique timeshared one special-purpose digital computer among hundreds of
transducers inputs and actuator outputs and was hailed as a breakthrough in

simplicity and cost ( Electronics, 1980).

Simultaneously, the 1960s saw the introduction and spread of the more

powerful and versatile second generation of numerical control systems. The
hard-wired logic circuitry of the first generation gave way to computer
numerical control (CNC) in which instructions are fed to the machine via a

computer so that, by simply writing the new data into the memory of the

computer, it became easier to change the machine operation (Marsh, 1980). This
development, in turn, led to the beginnings of direct numerical control (DNC)
which is the linking of sets of NC machines to a central computer (Ibid.) (75)
and to the first flexible manufacturing systems (FMS) (76) which is a system

to use ordinary workers." (Burkitt and Williams,1980,p.l49).
(75) The central computer "feed instructions to the machines, for example, to control how
they operate at set point during a production run. And machine operators can communicate
with the central computer, for example, to obtain data about the design of an object they
are fashioning." (Marsh,1980,p.377).
(76) "It is generally Tecognised that the first flexible manufacturing system was developed by
Williamson for the Molins company in 1962 - the System 24." (Bessant,1984b,p.2). This
machine became available only in the late 1960s (Marsh,1982).
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whereby "a central on-line computer controls the machine tools and other work
stations and the transfer of tooling and components" (Department of Trade and

Industry,1984) (77). Along with these improvements, the numbers of NC
machine tools installed went up considerably. Thus, in 1962, it was estimated
that in USA there were about 1,800 NC machines tools in operation. By 1969,
the figure had gone up to 19,000 (a tenfold increase) while in Europe had
reached 5,160 (Layton,1972).

Furthermore, in a very important breakthrough for industry the first
commercial industrial robot (78) made their debut in the market place,
"controlled by what were essentially special purpose electronic computers" (Albus
and Evans, 1976,p.77). The first prototype was completed in 1960, and in 1961,
the first robot was actually installed at a General Motors' automobile plant. The
1960s, however, marked just the beginnings of robots and, although they had
computer-like functions, the pertinent components were permanently wired to

perform specific set of tasks. That is to say, they were not actually software-
controlled robots, which would have to wait for another decade before becoming
available (79).

Computers, telecommunications, industrial control and, indeed, the area of

signal systems as a whole were now in the road of convergence. The bitronic

signal and the "intelligent" capacities of the computer were not only spreading
and enabling new applications, they were creating the conditions for signal
systems interaction as well. Among the most important new areas of application
was the beginnings of computerization in industrial design. By 1964, General
Motors and Ford both were using computer graphics to create perspective

drawings of new car models in real-time. These drawings were then fed, on

punched tape, to a numerically controlled machine that made mockups and
actual part dies [ Electronics, (1980), Gunn(1982)]. In this way, the technical

(77) Quoted by Bessant (1984), p.l.
(78) "The industrial robot is & programmable mechanism designed to move and do work
within a certain volume of space" (Robertson, 1981,p.l) or, as Ayres and Miller (1982) see

them, "They are machines tools -programmable manipulators that can move parts or tools
through pre-specified sequences of motion." (Ayres and Miller,p.35). George Devol, a US
inventor, is credited with much of the work leading to the robot. He patented in 1954 what
was to be the first programmable manipulator with a playback memory that controlled
movements from one point to subsequent points (Ibid.).
(79) In Europe, the first British attempt to get into robots by the end of 1967 ended in
failure, but, in 1969, a Norwegian company succeeded in producing the first spraying robot
[Zermeno et al(l980), CSE Microelectronics Group(l980)].
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concepts of computer-aided design (CAD) and computer-aided manufacturing
(CAM) began to be interlinked. Computers and the bitronic signal also began to
be applied in power plants or training simulators, power flow controllers, and
data links for utility companies thousand of miles apart.

In this context, in the wake of "bitronization" sweeping the area of signal
systems, it was almost natural that measuring systems began to move in the
direction of the bitronic signal as the computer spread through the scientific
laboratory. Thus, "the explosion in information that was taking place called for
faster analysis, and this meant getting the data in a form that could be accepted
by the computer. The answer was digital instrumentation whose design was

based on the binary counter."( Electronics, 1980,pp.364-365). This development
enabled the computer to collect data directly from the instruments and also

perform some limited data processing. It was the beginnings of computers in
scientific instrumentation (Enke,1982) (80). The enormous importance of the

computer, therefore, added to the advantages in accuracy of digital techniques,

brought the field of measuring systems into the sphere of the bitronic signal.
This gave a clear indication of the kind of synergism of development which had

begun to unfold in the area of signal systems as a whole.

Finally, during the 1960s, apart from the developments in the technical
base of society which we have seen above, the transistor-based wave of

computerization also reached those areas of activity dominated by the processing
of symbolic data. Thus, the computerized processing of words, numbers and
other characters began to spread into all areas where such a processing was

required or possible. For instance, scientific calculation became more powerful
with machines able to carry out millions of operation a second (81). Money

began to be "bitronified" as computer-based equipment for tellers was introduced

early in the 1960s to speed the entry of data and the processing of transactions
that originates at the teller window (M. Ernst,1982). A similar development
took place regarding complex record-systems such as airlines reservation systems.

Here the first was introduced in 1963 by American Airlines, Inc., and it was

devised in a joint effort with IBM (Ibid.). In the office, the symbolic data

processing system par excellence, as Giuliano (1982) reports, by "the mid-1960s

(80) "When the computer was dedicated to a single instrument, it was able to control the
instrument and perform the data collection process. Early applications of dedicated
instruments were all with costly instruments such as x-ray diffractometers..."
(Enke,1982.p.785).
(81) In 1963, for example, a computer announced by Control Data Corp., the model 6600,
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most large businesses had turned to computers to facilitate such routine 'back
office* tasks as storing payroll data and issuing checks, controlling inventory and

monitoring the payment of bills." (Giuliano,1982,p.l26). At this stage, however,
much of data processing was centralized in large computers. Hence, as firms
with many branches wanted to be able to use the computer from each outlaying
office, "the telephone network was called into service, not only to carry the
human voice but to transmit data from remote points to a large computer...and
to bring back then answer." (Burkitt and Williams,1980,p.l20). In this way, the

convergence of computers and telecommunications took another major step as

keyboards, teleprinters, visual display units (VDUs) and other terminals began to

join the telephone to generate computer communication networks. Computers
could now be interlinked and remotely accessed through the same

telecommunication network carrying voice and telex messages (i.e., written

messages between teleprinters), thus bringing further bitronization into the latter

system (82). Finally, in a step which showed the unlimited potential for

interlinking and interaction intrinsic in this convergence, from the 1960's
onwards many large multinational companies began to centralize their computer

operations around just a few large machines connected to branches around the
world (Burkitt and Williams,1980).

All in all, it is possible to say that the advent of the solid-state switch
and logical gates had put the area of signal systems firmly on the road of

convergence and systemic interaction. After the transistor, electronics, computers,

telecommunications, control systems and measuring systems all began to move

into a bitronic era characterized by a growing focalization of the universe of

signals into the bitronic shape and the growing spread of the "intelligent"
capacities of the computer into the area of signal systems and hence, the
technical base of society as a whole.

On the basis of the discrete transistor, however, such a process could not

continue unabated. For, in spite of all the gains over the valve switching

was able to perform 3 million operation a second ( Electronics, 1980).
(82) Prior to the installation of digital networks, a special converter had to be designed to
adapt the telephone network for use by computers. These networks had been designed to
carry the range of signals that make up the human voice, and the l's and 0's of binary
numbers used in data equipment are difficult to handle. An adaptor called a modem was

developed to translate data into audible tones, which could be transmitted by telephone, and
to carry out the reverse transformation at the other end. "Modem" is an abbreviation for
"modulator-demodulator". (Burkitt and Williams,1980).
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technique, the transistor still meant technical and economic limitations to the

spread of the bitronic signal and the computer. Undoubtedly, its impact had
been tremendous and we have seen how in the wake of its development and

application signal systems underwent important changes, the reverberations of
which were extensively felt through the technical base of society. Industry, the
office, banking, etc., were all affected by the first truly important spread of
computers into society (83). But, for all that, they were still big conventional

computers offering expensive computing power. Indeed, so expensive that, as Pask
and Curran (1982) points out, through the 1960s "every computer was used

intensively, day and night, for high-value added computing operations" (Pask and
Curran,p.22). In the circumstances, this situation would have set clear limits to

the exploitation of the full potential inherent in the logico-mathematical power

of the binary system. By sheer size, for instance, computing power would have
been excluded from such devices as washing machines, cars, etc. The transistor-
based wave, therefore, while big had intrinsic limits as the technology was not

capable of realizing the universality of the computer. Nevertheless, it is possible
to assert, that the first major step in this direction had been taken. In
particular, at this early stage, it is clear that all the major elements had already
come together in the form of the first great wave of convergence of signal

systems. The scene was set. What was needed was new and decisive

breakthroughs in switching and logic gates techniques so that the barriers to

computer applications would break down, unleashing the unlimited potential of
its logico-mathematical capabilities and hence, the greatest wave of changes since
the industrial revolution. This was to be the role of microelectronics.

2.5. Microelectronics and the Microprocessor: Computing Power
as a Building Block, and the Current Great Wave of
Computerization of the Technical Base of Society

The transistor represented a major leap in miniaturization of electronic

components. Nevertheless, it only inaugurated a process which would take
switches and logic gates to the most minute proportions. The next step came

soon after the maturing of transistor technology. It was the development of the

integrated circuit (IC) first made by J. Kilby of Texas Instruments in 1958. He
and R. Noyce were the first to file patents for the IC in 1959 (Atherton,1984).
Through the concept of IC, the problems created by the mass of interconnections

(83) In USA, for instance, the number of computers increased from 1,000 in the mid-50's to
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demanded by complex circuits were solved by fabricating entire circuits, with
transistors, resistors and capacitors, in a single semiconductor block (84). The
invention of the planar process in which transistors were created in a surface of
a wafer silicon (85) was to take the realization of this concept into unimagined

degrees of miniaturization (Mayall,1980). Microelectronics had been born (86).

The first ICs incorporated on the order of 10 components per chip and by
1962 they had began to be mass-produced by both Texas Instruments and
Fairchild ( Electronics, 1980). Due to the reduced number of components this
initial period was one of small-scale integration (SSI). But soon things started to

pick up momentum. By 1965, 30 components could be put on a five millimeter

square silicon chip and more than 25 companies were producing and selling them
(Ibid.). By 1969, the figure of components on a single chip had gone up to

1000, then to 32,000 by the mid-seventies, and by the late 1970s it had
climbed up to 250,0000 (Atherton,1984). In twenty years, the integrated circuit
had gone through several stages: from small-scale integration (about 10
components) to medium-scale integration (MSI - 64 to 1024 components), to

large-scale integration (LSI - 1024 to 262,144 components), to reach very-large-
scale integration (VLSI - beyond 262,144 components) (87).

On average, the number of components had been doubling every year, a

process which was predicted in 1964 by G. Moore in an excellent piece of

forecasting now known as Moore's Law (88). Since then miniaturization has

30,000 in the mid-60's. (Davis, 1977).
(84) According to Electronics (1980), by 1959, the "stage was set for a new technology, one
that could accommodate the increasing complexity of circuits by eliminating the
interconnections of discrete parts. The integrated circuit was bound to be invented." (
Electronics, p.251).
(85) J. Hoerni of Fairchild (USA) invented the planar transistor in 1958, "a thin layer of
silicon dioxide, one of the best insulators known, is formed on the surface of the wafer
after the wafer has been processed and before the conducting metal is evaporated into it."
(Noyce,1977a,p.65).
(86) The New Penguin Dictionary of Electronics (1982), defines microelectronics as the branch
of electronics concerned with or applied to the realization of electronic circuits or systems
from extremely small electronic parts. It includes the design, production, and application of
any microminiaturization technique to reduce the cost, size and weight of electronic parts,
subassemblies and assemblies and to replace vacuum-tubes circuits with solid-state compatible
parts.
(87) For the definition of SSI, MSI, LSI and VLSI, see Ide (1982). Other definitions, in place
of the number of components, use the number of transistors as a base. Thus Holton (1977)
puts SSI on the order of 10 transistors and MSI on the order of 100. And yet another
definition uses the number of logic gates and memory bits. Here LSI applies to ICs
containing from 100 to 5,000 logic gates or 1000 to 16,000 memory bits, while VLSI would
contain a minimum of 5,000 logic gates or more than 16,000 memory bits (Forrester, 1980).
(88) Tn 1964, noting that since the production of the planar transistor in 1959 the number
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continued and although, as Abelson (1982) points out, exponential increases
cannot go on indefinitely (89), huge increases in IC density have taken place. In
1981, for instance, 430,000 transistors were packed into one single chip of 40

millimeter-squared area, a fourfold increase on the density of former ICs ( IEEE
Spectrum, January 1982). While in 1982, 600,000 transistors had been put

together in a quarter-inch square chip ( Technology Ireland, January 1983), and
a Gallium Arsenide chip had been developed which is said to carry out

calculations at a speed of 80 thousand billionth of a second (80 picoseconds) - 5
times faster than current silicon logic LSI ( Asia-Pacific Technology Digest, Sept.-
Oct. 1982). Currently, in terms of speed, the quest is for the ballistic transistor
where "the signal-carrying electrons blast through the semiconductor material at

close to the speed of light, producing transistors that can switch on and off at

blinding rates - perhaps trillions of times a second" ( Business Week, 30

September 1985,p.53) (90). Whereas, in terms of miniaturization, the one

megabit chip (dynamic RAM) has already been offered in sample quantities in
1985 and the path to the 4 and perhaps 16 megabits is said to be fairly

straightforward ( IEEE Spectrum, January 1986). Indeed, one billion device chips
are confidently predicted by the year 2000 (Gaines,1984). Back in 1977, Noyce
(1977a,1977b) had shown that regarding miniaturization, IC technology was still
far from the fundamental limits imposed by the laws of physics and that the

process was more likely to be limited by the laws of economics rather than by

any physical limitation. That judgement was still valid 5 years later when
Birnbaum (1982) reported in his survey of trends and limitations that "no
fundamental limitations to progress in logic, memory, and storage are evident,
and advances in these areas are expected by technologists to continue at the

of elements in advanced integrated circuits had been doubling every year, Gordon E. Moore,
who was then director of research at Fairchild, was the first to predict the future progress
of the integrated circuit. He suggested that its complexity would continue to double every

year." (Noyce,1977a,p.65).
(89) "From 1973 to 1984 the rate of growth has dropped to a doubling every eighteen
months and will probably decline further." (Gaines,1984,p.36).
(90) A report on the quest for ballistic action has been produced by IEEE Spectrum,
(February 1986) dealing with progress in both silicon and gallium arsenide ballistic
transistors. According to the report, the term ballistic "is a graphic but apt adjective. Strictly
speaking electrons travel ballistically when they move through a semiconductor at high
velocities like bullets shot from a gun, without being scattered by atoms, lattice vibrations,
defects, or anything that disturb the perfect periodicity of the crystal" ( IEEE Spectrum,
p.36). Compared with silicon gallium arsenide offers an intrinsically superior ballistic action.
This is because the limiting velocity of an electron through gallium arsenide is "about 10'
centimeters per second, or about 1 percent of the speed of light in the semiconductor. In
silicon, however, it is impossible for electrons to achieve this high velocity because of the
material's energy band structure. The useful maximum velocity in silicon is only about 1 or
2 x 107 cm/s" (ibid.).
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present rate for the next decade. (Birnbaum,1982,p.76l).

The staggering rate of progress of this process of integration is depicted in

figure 2.3 where the increases in chip density are plotted against time. On the
other hand, figures 2.4 to 2.7 shows the dramatic technical and economic gains
in switching and logic gate power which have accrued as a result of
microelectronics. Figures 2.4 and 2.5 shows the gains in speed and reliability

per gate, respectively. Whereas figures 2.6 and 2.7 give a clear picture of how
the cost per bit of computer memory and the cost per logic gate have tended
toward negligible values. Looking at the figures, one can only concludes that, as

far as the availability of switching and logic power is concerned, microelectronics
has certainly come to break the technical and economic barriers constraining
their spread through the technical base of society. An assertion clearly
corroborated by the curve in figure 2.8 depicting how the utilization of
electronics functions is growing against time.

2.5.1. The Miniaturization of the Computer; The Microprocessor
and the Computer-on-a-Chip

The important advances in the miniaturization of switches and logic gates

were bound to have a profound impact on the development of computers. Thus,
with the emergence of the IC, a whole new generation of computers, namely,
the third generation of computers, began its development about 1965
(Burns,1981). They brought further reductions in both size and costs along
with important increments in computing power. In particular, the reduction of
interconnections made possible by ICs brought about considerable increments in

reliability and speed. Now central processors could operate in the thousand
millionth of a second range as only 100 nanoseconds were needed for a single

operation (Anderson,1976). In addition, the reductions in size enabled the

appearance of the microcomputer, i.e., a desk-top-size computer possessing the
features of large-scale machines at a much lower cost (Silver,1979). As a result
of these developments, a new wave of advances and convergence of signal

systems took place with its effects again being felt throughout the technical base
of society.

As miniaturization progressed, however, a major landmark was to be
achieved by the early 1970s, which was to spark all the present concern with
the microrevolution. This was the invention of the microprocessor defined as the
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physical realization of the computer's CPU either on a single chip of
semiconductor or on a small number of chips. In other words, the logico-
mathematical centre of the computer itself had now become a single component,

a fundamental building block to be used throughout the area of signal systems

and hence, the technical base of society as whole. With the microprocessor,
therefore, the technical and economic barriers preventing the almost universal

applicability of the computer finally began to fall. The unlimited spread of the

intelligent capacities of the computer was now a real possibility (91).

The microprocessor was prompted by the considerable difficulties and high
costs caused by the lack of versatility of ICs dedicated to specific tasks. The
first was designed by M. Hoff of Intel in 1969 as the company was confronted
with the need for greater flexibility (92). The concept was to effectively free

complicated ICs from the single role to which they had been confined thus far.
In 1971, Intel announced the 4004 microprocessor family ( Electronics, 1980). It
comprised 2,250 transistors in an area barely a sixth of an inch long and an

eighth of an inch wide ( Time, 1978,p.48). As a pioneering effort, it was quite
limited in computing capability (93) but it had undoubtedly signalled the

beginnings of a new major stage in the development of computers.

Soon the single-chip microcomputer was to be born. It was the 8048 from
Intel which had the CPU, main memory and input/output device all in one

integrated circuit. It came to facilitate the use and spread of the microprocessor

by improving its interfacing features ( Electronics, 1980). By 1982, 600,000
transistors had been packed on a single microprocessor chip, called the superchip,

raising its computing power to gigantic proportions ( Technology Ireland, January
1983). Since then, as we know, miniaturization has continued (94) along with
even more concepts and developments, such as the one-month chip, coming to

(91) For this reason, as Business Week put it in 1979, "some thoughtful observers refer to
the microprocessor as the engine that is powering a second industrial revolution, one in
which man's brainpower will be multiplied with even greater force than the steam engine
multiplied his muscle power." ( Business Week, 19 March,p.42B-l).
(92) The story relates to an order placed by a Japanese calculator manufacturer. See note 1
and for further details Bylinsky (1980) and ( Electronics, 1980).
(93) It was limited in relation to the computer power available by the early 70s but, as it
has been pointed out, "the microprocessor almost matched the monstrous ENIAC...and
performed as well as an early 1960s IBM machine that cost $30,000 and required a CPU
that alone was the size of a huge desk." ( Time, 1978,p.48).
(94) A recent report entitled "The Future of Microprocessors" tells that, for the future,
techniques are under research which will enable to take the size of transistors to
submicronic dimensions; on this scale.it would be possible to make circuits with 250 million
transistors per square centimetre. Such submicronic standards are expected to be reached by
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life (95). As a result, the promise of unlimited computing power implicit in
the advent of the first microprocessor is fast becoming a reality as advances in
CPU characteristics are being matched by equally impressive advances in

input/output devices and memory capacity. Single memory microchips, for
instance, as shown in figure 2.3 are reaching device densities of more than a

million transistors, while peripherals and interface circuits were nearing half a

million transistors per circuit by 1984 (H. Davis,1984). At the same time, new

techniques for storing data have effectively given unlimited storage capacity to

computers. Apart from the millions of bits of information which microchips can

offer as internal memory capacity, others devices of external memory capacity
such as video disks and magnetic disks simply remove all physical limits (96).

2.5.2. Impact of Microelectronics and the Microprocessor on the
Area of Computer systems

The emergence of the microprocessor and the continued miniaturization of
switches and logic gates opened a new stage in the development of computers. In
the same way as the transistor had made possible the second generation, and the
IC the third generation, now the fourth generation of computers began its

development about 1972 (Burns,1981). Smaller, more reliable, more powerful,
faster, and cheaper computers became available. The shape of this process is

depicted in figures 2.9 and 2.10 where the performance improvements in

the 1990s (Sci-Tech Report,1984).
(95) New concepts and developments in chip production, for instance, are leading towards
the realization of the one-month chip, i.e., a chip designed, fabricated and tested in just one
month as against months or even years. This development which involve extensive
automation of chip production means that semicustomized and fully customized ICs will be
flexibly and economically produced in small or large batches. Already some observers
predict that, by 1988, half of the ICs used will be on the latter category ( IEEE Spectrum,
September 1984). As a report has put it,..."Dramatic progress in electronic engineering seems
to run roughly in 12-years cycles. The transistor was invented in 1947, the integrated
circuit in 1959, and the microprocessor in 1971. The next development? Many engineers are

heralding the one-month chip - the design, fabrication and testing of an IC not in the usual
months or years, but in 31 days—Realistically, such a program calls for designing the chip
in about two weeks and fabricating it in about two weeks, with testing occurring in both
phases of development. Heavy reliance is placed on automated software and fabrication tools
to achieve this goal. The idea is taking hold because it gives engineers ICs designed
exclusively for their applications, which operate more quickly and efficiently than
microprocessors software can or a printed-circuit board of off-the-shelf components"
(ibid.,p.28). To an important extent, therefore, this development can make the general
purposiveness of microprocessors redundant, but still the fundamental trend opened by the
latter remains unchanged, namely, unlimited computer power at the disposal of society.
(96) The most powerful magnetic disks can store up to a million bits per square inch
(Ide,1982), whereas video disks may have as many as 14 billion units of information per
side of an 1-hour (two sides). (Goldstein,1982). See also White (1980).
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YEAR

Fig.2.9.- Gains in Speed Performance of
Computers. Source.- U.Colombo and G.Lanza-
vecchia,1982, p.8.

Fig.2.10.- Reductions in Cost of High-
Performance General-Purpose Computers.
Source.- I.Macintosh,1978, p.52.
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computers over time and the reduction in the cost for high-performance

computers is shown respectively. In addition, figure 2.11 shows the striking
correlation existing between the reduction in the cost of microelectronics

components and the cost of computers.

At the lower end, the personal computer made its appearance able to

handle a few hundred arithmetic operation per second (Kay,1977). Since then,

personal computer power has multiplied constantly. Indeed, so much that the
arrival of the superchip has now heralded what has been referred to as the

personal mainframe ( Technology Ireland, January 1983) (97). At the higher
end, supercomputers, the most powerful and sophisticated machines which had

emerged in the 60's, improved their speed performance by a factor of 10 during
the 70's (Buzbee et al,1982). By 1982, these supercomputers could perform 100
million arithmetic operations per second (Levine, 1982) and they were used,

primarily for very complicated military and scientific jobs requiring huge
amounts of computation. By 1983, however, they had begun to move into

industry ( The Economist, 11 August 1984).

Predictably, all these developments have translated themselves in a new

wave of computer power spreading through the technical base of society. As

figure 2.12 shows, by 1981, the number of computers had already reached 2.5
million (98) and by 1986 is estimated to reach 30 million. On the other hand,

figure 2.13 illustrates very clearly how the spread of computers has occurred
since the 1960s. Furthermore, the spread of the "intelligent" capacities of the

computer has also taken place through countless applications of the

microprocessor and other dedicated logic ICs. For instance, having emerged as

truly high-volume components in 1978, in 1979 alone, approximately 24 million
of microprocessors had been sold ( Business Week, 19 March 1979) and since
then the building blocks of machine logico-mathematical capability have grown

much more powerful and spread ever more widely in a process which is still in
its early stages.

(97) Although the concepts are being blurred all the time, the term mainframe had been
usually applied to the large "traditional" computer which are expensive and very

sophisticated. Now, however, with the micromainframe arrived in 1981, those "high-
performance processing applications, which until now required a mini or mainframe 32-bit
computer, can finally be replaced with microprocessor-based design." ( IEEE Spectrum,
January 1982,p.32). The micromainframe was developed by Intel and called iAPX
micromainframe 432.

(98) Pask and Curran (1982) estimate that, by 1981, 2.8 million computers had been
installed.
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Fig.2.12.- Installed Base of Computers
Worldwide, 1980-1996. Source.- Newsweek,
2k May 1982, p.P2.

Fig.2.13.- Growth in the Number of Com¬
puters Installed Vorlwide, 1960-1981.
Source.- G.Pask and S.Curran,1982, p.117.
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An important outgrowth of such availability of computing power has been
the emergence of what has been termed as distributed data processing, namely,
the process whereby it is possible to achieve maximum efficiency, functionality
and flexibility by using computerized systems designed for specific local

requirements and providing for simple localization of problems and failures,
reduction in communication costs, distribution, and simplification of software

through functional diversification (Colombo and Lanzavecchia,1982) (99). As we

shall see later on, this concept has come to dominate the spread of computing

power through the technical base of society, thus bringing the area of signal

systems into a closer relationship of convergence.

As to the future of computer systems, it seems to reserve unimaginable

possibilities including the superseding of microelectronics as we shall see below.
For the medium term future, however, research work is frantically progressing
to produce not just more powerful computers at all levels (100), but, most

importantly, what has become known as the fifth generation computer (101).

(99) Farber and Baran (1977) defines distributed data processing as "the use of a multiplicity
of computational devices for a single processing task. Distributed processing implies that the
units that compose the distributed computer can freely intercommunicate. If the distribution
is other than local, then remote computer communications facilities are required." (Farber and
Baran,p.l 167). See also Terman (1977).
(100) For instance, in Japan, the National Superspeed Computer Project was started in 1982,
with the aim of bringing out by 1990 a supercomputer with 100 billion operations a second
and one million bytes memory [Gaines(l984), Buzbee et al(l982)]. Such kind of computers
are based on the concept of multiprocessor or parallel computing which as Dertouzos (1986)
suggests is leading to a revolution within the information revolution. "It involves harnessing
hundreds, thousands, or even millions of computers to work together on a single task...[By
so doing A.M.]...we may significantly reduce the cost of achieving today's fastest computing
speeds. More important, there is no foreseeable limit to the speeds we may be able to
achieve through multiprocessing" (Dertouzos,pp.44 and 46). See also Kuck et al (1986),
Gabriel (1986). Various companies are currently offering multiprocessor computers with
varying capabilities and speeds [see Meyer (1985)] and in a development which seems to
have made the Japanese time-table for 1990 obsolete. Floating Point Inc., has announced a a

massively parallel supercomputer, the biggest version of which could theoretically do 262
billion operations per second. This is a huge hundredfold increase over the fastest
supercomputer from Cray Research Inc. ( Business Week, 21 April 1986). In addition, in a

development path that goes even further than parallel multiprocessing..."An unusual team of
life scientists, physicists and engineers at Bell Laboratories at Holmdel, New Jersey in the
US, is trying to make computer chips that use all their power at once to solve a problem.
Called electronic neural networks (ENNs), these chips use amplifiers to imitate the neurons
of nerve cells of nature, while resistors take the place of the synapses, the interconnection
points of neurons. Since, however, there is no electro-chemistry involved -as in animals- the
electronic system is expected to act much more quickly...The most complex chip achieved so
far has 256 neurons containing 25,000 transistors and 100,000 resistors. This chip has yet to
be fully tested..." ( Financial Times, 17 October 1986,p.l4).
(101) In April 1982, the ten-year Fifth Generation Computer Project was started in Japan
bringing together the efforts of government, industry and universities. Similar projects are
now under way in USA and Europe.
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This machine, based on multiprocessing or parallel computing (see note 100) and
Artificial Intelligence (102), is aiming to push forward in an integrated fashion
the frontiers of a wide range of computer capabilities [Gaines(l984), Lima(198l)]
in order to take the universal machine to its ultimate expression: the thinking

computer with knowledge base and powerful inference engine, i.e., hardware and
software that draws conclusions using rules of inference and facts from the

knowledge base (Manuel and Ivanczuk,1983). This kind of computer will be a

qualitative leap in the "intelligent" capabilities of present day computers. In

Feigenbaum and McCorduck's words, they

"...will be able to converse with humans in natural language and
understand speech and pictures. These will be computers that can
learn, associate, make inferences, make decisions, and otherwise behave
in ways we have always considered the exclusive province of human
reason." (Feigenbaum and McCorduck,1984.p.7).

Some observers have reckoned that at the current level of technical

development such a project can be realistically achieved by the early 1990s
(Gaines,1984). Some recent studies, however, have suggested a much less
optimistic view with the promises of AI being postponed for a longer term
future. For instance, Suydam (1986) considers four disciplines associated with
AI, namely, machine vision, machine reasoning, natural language and expert

systems; of these, he suggests that only the latter has shown great promise with
several expert systems already operational in various fields such as medicine,

geology, industry, etc. While..."Relatively little has been achieved in machine
vision... because the obstacles are immense...Machine reasoning has also led to

dead ends. Natural language has not fared much better" (Suydam,p.56). At a

fundamental level, the problem has been that some basic scientific breakthrough
are needed in all these disciplines, neither the timing nor the nature of which
can be predicted (Dreyfus and Dreyfus,1986). It seems, therefore, that the

thinking computer is yet to prove its feasibility and, to this end, sizeable
human, financial and material resources are being invested by the most advanced
nations of the earth.

(102) Artificial Intelligence (AI) has been defined as "that part of computer science concerned
with designing intelligent computer systems; that is systems that exhibit the characteristics
associated with intelligence in human behaviour, such as understanding language, learning,
reasoning and solving problem." (Manuel and Ivanczuk,1983). At this level, computers move
from the realm of algorithms to that of heuristic which is the way in which human brains
actually work. The origins of AI may be said to go back to the early days of computers,
but, according to Shurkin (1983), it was born as a science in 1956 when several scientists
met at Dartmouth College, USA, to discuss the way of simulating thought with computers.
The term AI was one of the results of that meeting and is credited to John McCarthy
(Suydam,1986). See also Barney (1983).
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2.5.3. The Impact of Microelectronics and the Microprocessor
upon the Area of Signal Systems

The impact upon the area of signal systems of the availability of

computer-components has been predictable, namely, a deepening of the trends in

computerization which we first saw clearly in relation to the transistor. In
effect, since the 1950s, the successive waves of ever-more powerful and cheaper

switching and logic gate techniques have clearly spearheaded an enormous

expansion of both the bitronic signal and the intelligent capacities of the

computer within the area of signal systems as a whole. Concomitantly with this

process, signal systems have continued the trend towards convergence and

systemic interaction, with the microprocessor-based wave of changed increasingly

blurring the traditional boundaries originally differentiating them.

Thus, measuring systems and control systems, for instance, have undergone
a major influx of computing power to the point where, as systems, they are no

longer separate from the logico-mathematical capabilities of the computer. They
are indeed resembling more and more special purpose computers. As far as

measuring systems is concerned, as Enke (1982) notes, the last great leap in the
evolution towards computerization has been the "incorporation of the remarkably

inexpensive and tiny microprocessor to instruments of every type."
(Enke,p.785). Hence, a host of new capabilities and modes of performance have
become possible so that "what we now have is 'smart' instrumentation"
(01iver,1977,p.l83). Both Enke and Oliver provide various examples of

microprocessor-based instrumentation and Kelly (1982) has clearly shown that
inside this kind of instruments there is in fact a complete computer.

A similar process of computerization is described by Morrison et al (1982)
regarding continuous process control systems. Thus,

"The...development of LSI electronics leading to low-cost, reliable
microprocessors, has had far-reaching effects on process control.lt is
now practical to control many processes in a manner that was not
previously economical and to distribute many controllers near
individual process streams." (Morrison et al,p.813-14) (103).

(103) For instance, by 1985, a real-time, intelligent-process-control system called Picon
(Process Intelligent Control) was operational with a capability to monitor up to 20,000
process measurements and alarms. It was developed by Lisp Machine Inc., in cooperation
with major oil companies and other customers (Suydam,1985). Also, an AT & T
advertisement on office automation stated the following,..."Remote sensing devices can now
monitor the health of entire office systems around the clock from AT & T commands posts
miles away...So sensitive are these probes that they can spotlight malfunctions in the making
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Indeed as Mackie (1982) indicates, the availability of microprocessors has in
fact led to the spread of computing power even to the level of sensors,

controllers and actuators. Likewise, control systems of discrete devices have
become microprocessor-based bringing about a widespread distribution of
computer power. According to Davies (1979), in NC machine tools, "it is now

economic to design multiple microprocessor systems in which individual tasks
such as data input, interpolation, motor drive and production data reporting can

be allocated to separate micro-computers." (Davies,p.81). Finally, in robots too,

the control systems have been pervaded by the microprocessor so that, for
Hudson (1982), they have now become "microprocessor-controlled mechanical
devices that perform a function or provide an intelligent interface between
machines and processes." (Hudson,p.822). The first of this class of robots

appeared in 1977, and the following year, the PUMA (programmable universal
machine for assembly) robot, a general purpose machine which can be

programmed to perform any number of tasks, was produced in USA (Ayres and
Miller, 1982). According to Cornish (1981), the PUMA is "a versatile
electromechanical arm with a silicon brain."(Cornish,p.l8).

As far as telecommunication systems is concerned, the impact of

computerization has been truly dramatic in its convergent effect. Indeed,

computers have so widely pervaded the telecommunication network that today
the latter's switching and control system is no longer distinguishable from a

very powerful computer system performing a myriad of integrated tasks

involving symbolic and real-time signal processing (104). On the other hand,
the microprocessor, by enabling computer power to be embedded in all type of

equipment, has brought to the terminal point of the communication network a

rapidly expanding array of devices possessing computerized capabilities
(Elias,1978). From the electronic telephone possessing memory capabilities
(Luff,1978) to large computer themselves, all sort of computerized devices have
now become potential terminals of the communication system (105).

within individual machines - usually before the users themselves are aware of anything
wrong" (AT & T on Office Automation,1985,p.34).
(104) "The close meshing of computation, communication and control functions achieved by
exchange processors has dissolved the barriers that once existed between computers and
exchange equipment." (Pask and Curran,1982,p.l74). See Mayo (1982) for a description of
the various intelligent capabilities offered by the No.4 EES, the digital telecommunication
network in the USA. A similar system is now in use in Britain, the System X. See Marsh
(1980a) for a brief review of characteristics.

(105) B. Evans (1980) provide a list of fifteen kinds of terminals communicating with
computers. They relate to all sort of data processing activities, including industrial
production, commerce, banking, and the office.
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Consequently, not only has the kind of data being transmitted through the
communication network diversified substantially (106), but, in the last analysis,
the whole system has become one of intelligence distribution as well. Finally, as

this development has clearly coincided with the vast growth of computer

networks of distributed data processing, it is clear that, insofar as these
networks have become communication networks themselves, the traditional

boundaries separating the areas of computer and telecommunication systems have
become largely obsolete (107). As Farber and Baran (1977) have put it,

The basic premise that communications functions and computational
functions are separable have been rendered meaningless by a basic and
pervasive change in technology. The separate "atoms" of
communications and computers form a new "molecule" with properties
different from those of their atomic components." (Farber and Baran,
p.1167).

This new "molecule" has been called "compunications" by Berman and

Oettinger (1975) and its realization will take society to what Colombo and
Lanzavecchia (1982) call "the age of C & C". Figure 2.14 shows the basic
structure of the new "compunications" network, which is in fact the
interactiveness of the area of signal systems as a whole. While figure 2.15
illustrates how, on the basis of electronics and particularly microelectronics, the

computer and communications systems have converged from the birth of the

computer and the utilization of electromechanical crossbar switching techniques in
the telecommunication network, to today's VLSI drive towards "the C & C age".
Certainly, two other convergent curves could be added, those representing

measuring systems and control systems, to illustrate the actual process of

convergence of the area of signal systems as a whole.

(106) Nowadays, for instance, the "telecommunication network is not only restricted to
carrying telephone calls. It can also transmit international television, written messages, and
still pictures and diagrams instantly across the world. It links computers into vast
information webs and is bringing totally new services to the office or home, such as the
viewdata or videotext systems which gives people access to huge amount of data." (Burkitt
and Williams,1980,p.212).
(107) Nowhere has this situation been illustrated more dramatically than in the obsolescence
of the US anti-trust and regulatory legislation, and the consequent legal battles US
companies have fought in order to reap the greatest benefits out of the electronic-based
changes in industrial boundaries. For details, see Farber and Baran (1977) and de Sola Pool
(1982,1983). In fact, according to Irwing and Johnson (1977), five industries, once separate
and distinct, were now moving in a collision course. "These include the telephone industry,
computer industry, semiconductor industry, terminal industry, and aerospace industry...The
content of this multinational rivalry is the complexity and interaction of these five
industries; the merging of markets represents a marked divergence from our past experience."
(Irwin and Johnson,p.ll72).
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Fig.2.14.- Integrated Network of Signal Systems.
Compunications Network. Source.- D.Bell,1980,
p.51^.
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In conclusion, it is possible to say that, with the availability and

continuing development of computer capabilities at the level of components, the
bitronic signal and the intelligent capacities of the computer have effectively
become common technical factors to all the signal systems, thus creating the
technical conditions for their convergence, interaction and, as we shall see below,

synergistic development. To the importance of the latter process we now turn

our attention.

2.6. Convergence and Synergy in the Development of the Area
of Signal Systems

Thus far we have concentrated almost exclusively on the major theoretical
and technical steps which have underlaid the unfolding of the convergence of
signal systems. It should be made explicit though that the actual realization of
such a process has only been possible because of a myriad of parallel technical

developments involving many fields and the efforts of scores of people. It suffices
to think of the production process of microelectronics (108) to realize that
without advances, for instance, in semiconductor materials, chemical solvents,

high-temperature furnaces, photolitography, environment purification, testing

equipment, and a host of other essential requirements, the microprocessor would
have not been possible at all. Indeed, it is feasible to see that, in the same way

as Babbage's dream of the Analytical Engine was frustrated by the poor

development of precision-engineering capabilities (109), nowadays the process we

have been describing has only become possible because of the progress which has
been made in all the enormous range of technical constituents relating to the
area of signal systems as a whole. In effect, without advances in computer

architecture such as parallel processing there would have been no

supercomputers, without advances in screens there would have been no VDUs
and without advances in typewriters no keyboard terminals or teleprinters.
Satellites would have been impossible without rocketry, in the same way as

massive data communication without the techniques of multiplexing and the

generation of the hardware necessary to exploit the highest frequencies of the

(108) For an excellent account of the different processes and techniques involved in the
production of microelectronics, see Oldham (1977), Robertson (1982) and Renmore (1980).
(109) In this connection, regarding the actual role of Pascal and Leibniz in the realization of
the first mechanical calculators, Smith (1970) says: "The historically important advances
consisted of the evolutionary emergence of practical, working calculators, brought to pass

through the efforts and small contributions of many men, including Pascal and Leibniz."
(Smith.p.ll).
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electromagnetic spectrum. Clearly, the list of examples could be never-ending.

What is most crucial in this reality of interrelations, however, is the
element of technical dynamism, the general technical synergy inbuilt in the need
for advances in all the areas related to the practical realization of a given

technological system (110). In effect, to the extent that the realization of a

system can only go as far as the development of its components enables it, it is

plain that advances and lagging behind in specific constituents can only have

important consequences for the dynamic of the system as a whole. In other
words, there is what may be called a clear dependence of technology upon

technology.

Thus, coming back to our case of the convergence of signal systems, it is
possible to see that a synergistic relationship has in fact developed between all
its constituents including the electronics technology underlying them all. In this

relationship, advances in particular sectors are now becoming the base for
advances in others, while, at the same time, laggings behind, the "reverse
salients" of the systemic progress to use Hughes' term (ill), are coming under

pressure for advances which will remove the barriers impairing the harmonious

expansion of the whole system. In this context, were we to paraphrase Hughes,
we would say that the area of signal systems as a whole is now progressing in
a technical synergism of "reverse salients" and "direct salients", where the latter
would refer to those components of the system which by opening new horizons
of expansion for all the other components set the new levels of future technical
achievement for each one of them and hence, for the development of the system

as a whole. The emergence of the microprocessor, for instance, although in
itself an answer to a particular application problem, may be considered to have

given rise to a "direct salient", insofar as it created the technical conditions for a

major step forward in the whole front of signal systems.

Indeed, the synergistic process in the area of signal systems has been well
documented by various commentators. B. Evans (1980), for instance, has shown
that the three areas of "terminals, communications, and digital computers are

(110) It is worthwhile to remind the reader that we are assuming the social decision
resulting in the search for a particular technological system.
(111) "The idea of a reverse salient suggests the need for concentrated action (invention and
development) if expansion is to proceed. A reverse salient appears in an expanding system
when a component of the system does not march along harmoniously with other
components. As the system evolves toward a goal, some components fall behind or out line.
As a result of the reverse salient, growth of the entire enterprise is hampered, or thwarted.
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synergistic." (B. Evans, p.348), whereas, for Terman (1977), "computers and
microelectronics devices have interacted so closely that they can be regarded as

virtually symbiotic." (Terman,p.163). In fact, it is now impossible to keep
abreast the broad range of computer products without access to complex LSI
circuits but, conversely, the latter components themselves cannot be fabricated
without automated design, manufacturing and test systems that are not feasible
without computers [Branscomb(l982), Robinson (1977)]. In a different dimension,
this interdependence has been graphically illustrated by Macintosh (1978) who
has shown the striking correlation existing between developments in integrated
circuits and computers in USA. In his words,

"The conclusion is inescapable. Just as the US computer industry's
growth has been critically dependent on the availability of increasing
numbers of ever-improved ICs, so has the spectacular growth of the
US IC industry depended to a very high degree on having a large,
innovative, and "local" computer market eager to use its rapidly
developing semiconductor capabilities." ( Macintosh,p.52).

In addition, in the present work we have already seen, how
communications, control systems and measuring systems have come to depend on

computers, and how, conversely, the emergence of computer networks depends

entirely upon communications. On the other hand, Oliver (1977) has pointed to

the role of measuring instruments in the research work underlying the overall

progress of this process, apart from the fact that "without devices responding to

the readings of instruments there can be no automatic control." (Oliver,p.l80).

Therefore, that the area of signal systems has become clearly synergistic as

a result of its bitronic- and computer-based convergence seems to be a well-

accepted fact. What has received much less formal attention has been the fact
that this process has progressed through a dynamic involving technological
innovations of the "reverse salient" and the "direct salient" types. In effect, it is

apparent that the concentration of effort which has led, for instance, to the

generation of new and powerful communication means has been stimulated as

much by the new horizons of technical achievement opened by the emergence of
new basic technologies as by the demand for qualitative and quantitative

improvements growing out of the massive and worldwide transmission of data
which has accompanied the convergence of signal systems and their spread

through the technical base of society (112).

and thus remedial action is required." (Hughes,1983,pp.79-80).
(112) The enormous growth in transmission data is graphically illustrated in B. Evans
(1980). The conclusion is that voice transmission is projected to grow steadily while video,
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Both satellite communications and light wave communications, for instance,
were stimulated by the advent of semiconductor components and the advent of
lasers and optical fiber, respectively (113). But it was also their enormous

capacity for data transmission which, in the context of signal systems

convergence, most strongly stimulated the search for their development (114).
Indeed, it is quite clear that without satellite communications and light wave

transmission an important "reverse salient" would have eventually developed

impairing the systemic, pervasive and worldwide unfolding of the area of signal
systems as a whole. As Gunderson and Keck (1983) have argued in relation to

the need for light wave systems.

"No one doubts that the growth of information services, now
approximately 15 percent each year, must continue. But it may soon
be prohibitely expensive -perhaps impossible- to add new transmission
capacity to our existing channels [and the latter would include satellite

record and data transmission are expected to grow much more rapidly.
(113) We have already seen how the transistor stimulated the emergence of satellite
communication in the 1960s. With lasers, however, we are no longer in the realm of the
electron but in that of the photon or quantum of energy making up light. Lasers and
optical fiber constitute the source and the medium of the light wave communication system.
Lasers can emit a nearly monochromatic beam of intense visible light or infrared radiation
while the optical or glass fiber offer an efficient channel for the transmission of such a

photonic beam. The laser was first demonstrated in 1960, but as it happened with the
transistor, it took several years before the technology began to mature (Gunderson and
Keck,1983). A similar situation occurred with optical fiber which first appeared around the
mid-sixties but had to evolve through several stages of improvement. It was only by the
mid-70s that the laser source and the fiber medium of the photonic beam became integrated
into a workable system.
(114) Both satellite and light wave systems have opened up higher regions of the
electromagnetic spectrum, and since, as Boyle (1977) points out, potential data transmission
capacity increases directly with frequency, they have come to offer the possibility of
virtually unlimited data transmission. Satellites' capacity, for instance, has grown

substantially from the days of the first commercial satellite (Intelsat I) launched in 1965.
This satellite operating in the 6/4 Gigahertz (billion cycles per second) frequency band had a

capacity of 240 two-way telephone circuits. By 1977, however, the number of circuits per
satellite had risen to 5,000 (B. Edelson,1977), and, by 1981, to 12,000 with the number of
satellites in orbit increasing fast too. For the next decade, it is estimated that satellites
operating at even higher frequencies (14/11 GHz or 30/20 GHz) will have a capacity
equivalent to 250,000 telephone circuits [B. Edeison and Cooper(l982), Marsh and
Naraine(l983)]. As for the data transmission capacity of light wave, it is still early days
but in 1981 fibers had already been developed which could carry 2,000 simultaneous
telephone calls, in contrast to a pair of copper wires which can carry just 32 conversations
(Williamson,1981). By 1983 a new system was being developed which would transmit not
just thousands of telephone calls but, simultaneously, several video channels, high fidelity
audio and data services (Gunderson and Keck,1983). For the future, the prospects are

staggering as the laser has actually increased the magnitude of useful frequencies to 100
Terahertz (100 trillion cycles per second). As Boyle (1977) puts it, by "utilizing only a
small part of the full range of light frequency generated by the laser a single light wave

system could in principle simultaneously carry the telephone conversations of every person

living in North America." (Boyle,p.40).
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links A.M.]" (Gunderson and Keck,p.42).

As it happens, the emergence of optical technology has come not only to

provide a solution to this problem but, by uncovering the fantastic potential of
the photon, has indeed generated the bases of a new "direct salient", that is, a

new horizon of technical achievement in which the common technical language of

signal systems may be no longer the bitronic signal but, perhaps, the bithonic

signal (115) In effect, work is already progressing in the development of optical

switching and logic gates techniques in the long term perspective of the optical
computer (116). Switching speeds of about a picosecond (a thousandth of a

billionth of a second) will then be possible bringing the intelligent capabilities of
the computer to operate at least 1000 times faster than those based on the

present electronic silicon switch. Just how much this work has been stimulated

by the emergence of lasers and optical fiber in light wave communications is
reflected in the following passage,

"Optical fibers, which have the capacity to carry prodigious amounts of
information, are being utilized increasingly for communications,
including communications between computers. Optical switching is a
natural candidate to mediate between electronic systems and optical
ones. On the other hand, if the computation is done optically to begin
with, optical fibers could be employed as direct links between
computing systems." (Abraham et al,1983).

Therefore, just as the emergence of the transistor and subsequent evolution
into VLSI circuits transformed completely the computer and eventually the area

of signal systems, so too could the the substitution of the photon for the
electron bring large-scale changes with it. The realization of this possibility
seems to be still somewhat distant in the future but, undoubtedly, the seeds for
a new wave of technological changes in both the signal systems and the
technical base of society are already been sown (117).

(115) Bithonic signal is an abbreviation for a signal which is binary, digital and photonic.
(116) Work on optical switching techniques is being carried out by researchers in various
countries; among others, USA, Japan and Britain. In the latter country, a team at Heriot-
Watt University (Edinburgh) reported the development of an optical switch in 1983
(Abraham et al,1983). While in Japan, a project called Optical Measurements and Control
Systems is also looking at optical applications in measuring and control systems ( A'ew
Scientist, 21 March 1985). Finally, Alexander (1984) has reported on the existence of a

prototype of a kind of optical computer made by GuilTech Research Co., in Sunnyvale,
California. "It operates by steering a beam of laser light through lenses and other devices"
(Alexander ,p.74).
(117) Interestingly enough, optical switching techniques are not the only candidates to
become the future components of computers. They are certainly the most advanced and
their synergistic relation with other optical components make them the most likely
proposition. But, as Davis (1977) pointed out, by "the 1970s... electronics had been joined
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For the time being, however, there are some major "reverse salients" affecting the
microelectronic-based convergence of signal systems itself. In effect, as this

process is just beginning to transform the technical base of society, a great deal
of effort is concentrating on the solution of some major "reverse salients" which
are clearly impairing the realization of its full potential of pervasiveness and

synergism. Undoubtedly, as regard the real-time data processing of measuring
and control systems, the lag in the area of sensors is one of today's important
"reverse salients". Given the availability of powerful control systems, frequently
the availability of adequate sensors is the key to implementing an advanced
control system for a particular process. In other words, while in principle there
is nothing preventing the translation of any kind of energy signal into the
bitronic form, the appropriate sensorial means for this task are lagging behind
(118). And this is valid for both continuous process control and discrete
devices control, particularly robots. Morrison et al (1982) have argued the case

for continuous process control.

"While electronics has been making giant strides, sensors and actuators
have been progressing at a more modest pace. The increased
sophistication of control computers has led to a realization that
progress is needed in developing practical sensors for more process
variables." (Morrison et al,p.816).

As for robots, if they are ever to become "intelligent", i.e., go beyond the
domain of strictly repeatable tasks, to actually adapt to environmental changes,
then "much better exteroceptive sensors...are needed...[which A.M.]...should have
the fast data pre-processing "intelligence" required for real-time control..."

by optics, by crystallography, by plasma physics, and even polymer chemistry in providing
the components for the computer." (Davis,p.1097). In this respect, according to a report,
optical organic components look promising. "An optical switch based on polydiacetylene, a
polymer being used by Bell Labs, might be able to switch in less than a tenth of a

picosecond."( The Economist, 26 February 1983,p.90). Another line is coming from biology
with the biochip. The idea is to use organic molecules for switching and to build logic
gates. It is hoped that this would reduce dimensions and production costs by a large factor
while offering powerful capabilities which may bring nearer the goals of AI. This would be
so, because..."Bio-devices are expected to have levels of integration 10,000 greater than those
of existing LSIs and reportedly will be able to think and make judgements on a level with
the human brain...[Moreover A.M.]...the researchers have proved that protein molecules that
transmit electrons have a self-organizing property" ( Semiconductor International
Magazine,May 1986). IBM and Bell Labs are working on this area and Mitsubishi Electric
Corp.'s Central Laboratory is reported to have established techniques for growing protein
film with molecules oriented for stable, uni-directional electron transmission, (ibid., "The
Future of Microprocessors", Sci-Tech Report, 1984).
(118) As Bessant (1980a) has put it, "while information processing technology has advanced
the transducer technology (i.e., sensors and actuators A.M.] to support this lags behind. In
many industries the absence of suitable transducers is the major rate-limiting step at the
present" (Bessant,p.80). See also Bessant (1982a), Bessant and Dickson (1982).
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(Bejczy,1980,p.l329). In 1982, this kind of sensorial capability was mostly at

the state of research, although some robots could be found having crude senses

of "sight" and "touch" and limited capability to coordinate their manipulators
with sensory information [Ayres and Miller(1982), Committee on Science

Engineering and Public Policy(l983)] (119). Three years later, although still in
their early stages, a variety of tactile sensors for measuring contact forces has
become available commercially (Dario and De Rossi.1985) and machine vision

systems of diverse capabilities have been growing fast in both supply and

applications. Thus, from "a handful of companies five years ago, the machine-
vision industry has grown to about 200 companies that offer some type of
machine-vision product or service...Total sales of machine-vision systems in the
United States have doubled annually for the last two years and are projected to

do so every year for at least the next three" (Kent and Shneier.1986). As an

example. General Motors already employs 500 machine-vision systems but wants

44,000 of them ( Technology Update,10 March 1986). As for the future, a 1983
forecast about robots in USA estimated that by 1990s, 25 percent of robots will
have vision, 20 percent tactile/touch sensing, and 75 percent will be computer-

equipped. Robots with adaptive controls will comprise 26 to 47 percent of the
total industry, with the exception of aerospace, where the total will be 70

percent. And by 1995, 96 percent will be intelligent, universal and

programmable, with only 4 percent following fixed routines. 50 percent will
have feedback sensing capability. 10 percent will be able to sort and select

objects from a bin ( Industrial World, January 1983).

The most crucial present-day "reverse salient", however, and the one which
has attracted most attention is the so called "software bottleneck" or "software

crisis". This "reverse salient" results from the fact that the application of

computers depend entirely upon the availability of software capabilities i.e., the

capabilities to generate the appropriate algorithms and programming of the tasks

performed by computers. Thus, while the latter's capabilities have been growing
fast, the much slower progress in software has been impairing the spread of

(119) Towards the end of 1982, a vision system had been developed which enabled a robot
to retrieve parts that were jumbled randomly atop one another in a tate box or a bin (
Electronics, 30 Nov. 1982). A hearing system enabling robots to understand human speech
and carry out their normal tasks obeying simple voice commands had been produced in 1983
( Electronics Weekly, 6 April 1983). A smell system for an on-line analysis, hazardous gas
detection and industrial hygiene was under research in 1984 ( Chemical Week, 14 March
1984). And advances in vision systems were bringing greater operational consistency, thus
enabling robots such actions as removing a defective product from the productive line (
Science Age, Sept. 1984).
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computers (120), creating a "reverse salient" which is clearly hindering the
realization of the potential for all-pervasiveness and synergism implicit in the

process of signal systems convergence. In Turski's words: "Software
difficulties,...seen as a bottleneck in computer applications, have become the most

important limiting factor today" (Turski,1984,p.l). While for Ernst (1983), they

represent the most serious bottleneck for the diffusion of microelectronics.

The reasons behind the "software reverse salient" are various, among them,
the dramatically increasing shortage of software experts (Ernst, 1983) and the

very nature of the software process itself which tends to be cumulative over

time, involving high levels of logical complexity, and very much oriented
towards the work of the person or institution that it serves (Bacon,1982).
Basically, however, there is one fundamental problem in that software

production,

"...has not evolved beyond being a craft (that is, an industry in which
things are done as they have been done before rather than as some
theory would indicate). Programming is not based on a science, and
programs are not bound by natural laws in their manipulation of
data." (Birnbaum,1982,p.763) (121).

As a result, software production still does not lend itself to the systematic

application of the instruments of "scientific management" (Ernst,1983) and this
has manifested itself in the classical accumulation of costs of Hughes' "reverse
salients". In effect, to the extent that the economies of scale and automated

mass production of hardware production are not possible in the case of software,
the relatively low productivity has meant that, for all practical purposes, "the
software costs are the foremost consideration when a new application is

contemplated" (Turski,1984,p.l). Indeed, estimates have shown that the ratio of
hardware to software costs has altered dramatically from about four to one in
the early days of computing to about one to four or more today
(Birnbaum,1982). Figure 2.16 graphically illustrates how the accumulation of
software cost has proceeded over time.

(120) "The use of computers, whether as general purpose information processing systems or
as micro components in specific product and system applications, is growing at a tremendous
rate in both developed and developing countries. Likewise, the capacity to produce computer
software is also growing -by about 18 percent annually on a global scale- but this is not
sufficient to meet the growing demand since new applications for software are developing at
more than double this rate." (UNIDO Secretariat,1983,p.l).
(121) See also CSE Microelectronics Group (1980).
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Therefore, the resolution of the "software reverse salient" is crucial for the

realization of the microelectronics revolution. And, indeed, a very large effort is
now being made to overcome it (Abelson.1982). In this context, a number of
strategies are being pursued with new software tools being searched for (122).
In this respect, some of the most promising possibilities are emerging from the
field of AI and the work on the Fifth Generation Computer as the frontiers not

only of software technology but also of software development methodologies are

being pushed (Manuel and Ivanczuk,1983). In Japan, the Fifth Generation project
contemplates the development of an intelligent programming system to allow the

computer itself to do more of the programming work (Gaines, 1984). In Britain,
fifth generation work also contemplates the aim of automatic programming
(Manuel and Ivanczuk, 1983). But, for all that, it seems that the reality of a

science-based software production is still some time ahead. That it will

eventually be solved, however, is something that Abelson (1982) has little
doubt: "In any event the software bottleneck will be broken -either at a small
cost by ingenuity or at a large expense by the employment of a large army of

computer scientists" (Abelson, p.752) (123).

When this come to happen, all the promises of pervasive and systemic
transformations brought about by microelectronics and the microprocessor may

be nearer to its materialization. In the meantime, the process of transformation
of the technical base of society is proceeding under the shadow of the "software
reverse salient".

(122) For details, see Ernst (1983), Turski (1984), Bacon (1982) and Rudall (1985).
(123) In 1984 a 100 million consortium between AT&T of USA, NTT of Japan and the
Japanese Ministry of International Trade and Industry (MITl) was formed aiming to
automate 80 percent of the process by which software is generated in a project lasting five
years ( Electronics Weekly, 10 Oct. 1984). And early in 1986, a report brought news of a

Japanese breakthrough in automatic programming. "The system known as Logical Program
System (LPS), not only programs automatically, it also - more importantly- proves that the
programs thus generated contain no errors, therefore need no debugging, testing or
maintenance" ( New Scientist 30 January 1986,p.34). Such a claim, however, has yet to be
accepted.
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2.7. Impact of the Convergence of Signal Systems upon the
Technical Base of Society

In this final section, our intention is not to provide a detailed account of
the extensive range of products, processes and devices which are commonly
associated with the advent of microelectronics. Certainly, this would be a

never-ending task. Instead, having demonstrated the potentially pervasive and

systemic nature of the area of signal systems in its present convergent phase of
historical development, it will suffice to provide a schematic idea of the kind of
technical transformations towards which such a pervasive and systemic

convergence is leading as it gradually materializes itself throughout the technical
base of society in a process which is truly sociotechnical i.e., determined by a

complex interpenetration of technical and socio-cultural factors of a given society
(124).

Our basic point, in this respect, is that, insofar as the bitronic signal and
the intelligent capacities of the computer have effectively become common

technical factors to all signal systems, then the possibility has emerged for their

systemic interlinking into special-purpose networks of distributed intelligence, i.e.,
networks integrating systemically the capabilities of different signal systems in
order to fulfill a given task (125). That is to say, from the previous separate

development, the convergence and interaction of signal systems would have
reached the level where a systemic logico-mathematical processing of the universe
of signals has become a distinct possibility. In effect, with the huge increase
and spread of computing power brought about by microelectronics, it is now

possible to greatly expand, decentralize and integrate the tasks of data capture,

(124) From the developments we are about to review the impression should not be gained
that microtechnology is diffusing easily and rapidly as if there were little problems. On the
contrary, there are many technical and socio-cultural issues (i.e., economic, political, social,
ideological, legislative, etc.) involved in the widespread diffusion of microtechnology
throughout the technical base of society. Among the various studies and reports concerning
themselves with these issues, particularly in relation to manufacturing industry, see, for
instance, Bessant (l980a,1980b,1982a,1982b), Bessant and Dickson (1981,1982), Dickson and
Bessant (1982), Shaiken (1985), Lupton (1986), Bessant and Haywood (1985), Hoffman
(1985), Petre (1985), Financial Times (3 February 1986), Business Week 5 May 1986). It is
clear from these sources that the initial expectations of rapid and large-scale changes as a
result of microtechnology did not materialize. However, according to Bessant (1982a), this
does not mean that they will not materialize since "it is the rate rather than the direction
of change which has differed from expectations" (Bessant,p.60).
(125) According to Kahne et al (1979), the term "distributed intelligence" is preferable to
"distributed processing" since the latter is used in relation to any computing environment in
which multiple loosely coupled computer systems implement a given application. The linking
of closely cooperating multiple microprocessors to realize, for instance, the control of an
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measurement and control and storage and processing in general. The

implementation of this approach has resulted in a hierarchical distribution of

computing power, i.e., a hierarchy of computers, each performing tasks

appropriate to its position in the hierarchy (Kahne et al,1979). The impact of
the realization of this possibility upon the technical base of society look to

become very great indeed.

In process industries, for instance, instead of having the real-time data

processing of control tasks concentrated on a central computer as in the 1960s,
now microprocessors-based controllers can take charge of local control loops, thus

freeing the central computer for other duties ( Electronics, 1980). With such a

possibility the integration of real-time data processing with symbolic data

processing becomes a reality. Thus, as Morrison et al state: "All the goals and
functions from business management to process control are achievable." (Morrison
et al,p.814). In other words, from management to production process whole

plants seem to be on their way to become integrated under a unified control

system (126). This process is still in the early stages since, as we have
indicated above, there are many technical problems for its realization and many

more for its widespread diffusion, but its development clearly shows the kind of

qualitative alterations which the practical realization of signal systems

convergence is bringing into the technical base of society.

Such systemic developments in process industries can also be seen in
relation to the manufacturing industry. Since the first important spread of NC
machines and the beginnings of CNC, DNC, robots, FMS and CAD/CAM in the
1960s, the enormous amplification and spread of computing power has led not

just to an increase in number and capabilities (127), but to a definite progress

industrial plant is something qualitatively different in the extent of its systemic integration.
(126) An early example of such a system was in operation in the petrochemical industry
in 1981. Thus in "fuel process development, a multi-tiered distributed approach is used, with
microcomputers, minicomputers, and mainframe computers employed at various levels of the
plant to perform functions ranging from process control and data acquisition to data
management and interactive scientific computation. At each level, the computer performs its
own functions, reports to and receive instructions from the level above it, and receive data
from and sends instructions to the level below it." (Morrison et al,1982,pp.817-818).
(127) For instance, from the very first robots in the 1960s, the robot population had gone

up to around 37,000 in 1983 in the Western world, according to the British Robot
Association ( New Scientist, 23 February 1984). And a prediction from the Robot Institute of
America puts the number up to more than 100,000 for 1990 (Bessant, 1984a). On the other
hand, the number of CAD/CAM systems had gone up from 1000 to 4,000 between 1976
and 1980, and it is expected to reach 24,000 by 1986, a rise of 40 percent annually. In
addition, by 1984, there were around 100 FMSs worldwide -and nearly all of them have
been major projects in the metalworking industry (ibid.).
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in systemic interlinking which is aiming towards the automatic factory. In effect,
FMSs are now integrating, under the control of a hierarchy of computers,

powerful programmable machine tools and machining centres with versatile

handling systems (robots, automatic guided vehicles, programmable conveyors,

etc.) and warehousing systems [BessantC1984b), Gunn(l982)] (128). In the same

way, the concept of CAD/CAM has made great advances. CAD, for instance,
now enables manufacturers to build solid model engines, top road-test
automobiles, and to gauge the stability of offshore drilling platforms -all on the

computer screen, and, as its integration with CAM progresses, according to

Krouse (1984) the whole system "is advancing to the point where computers

will soon handle nearly every aspect of a product's development from conception
to production line." (Krouse,1984,p.36). At the same time, as links are built
with computer-based management systems for stock control, production control,

planning and scheduling,etc., the tendency is for a growing systemic integration
of all these aspects of the factory system into what is referred to as computer-

integrated manufacturing (CIM) or simply the automated factory as Kaplinsky
(1984) prefers to call it. With CIM, therefore, all the spheres of activity in

manufacturing industries, i.e., design, production, and overall management or

coordination, are systemically integrated in a single special-purpose network of
distributed intelligence (129). A model of the integrated working of such a

(128) By 1986, The Economist carried the following report,..."Robots make other robots in a

factory near Mount Fuji. By day, 20 workers tend the factory. By night, the automatic
machining centres work under the supervision of a single human being at a control
console—This plant is the shop window for Fanuc, a Japanese company whose stock in trade
is automation. Few such factories exist yet. But a new wave of automation is sweeping
through manufacturing" ( The Economist, 5 April 1986,p.83).
(129) This process seems to be gathering momentum as serious efforts to produce the
automated factory are being made, above all, in Japan and USA. In the former country,
work is being carried out at Fujitsu Fanuc, one of the country's biggest industrial machinery
companies, and at the state-owned Mechanical Engineering Laboratory (Marsh,1982). In USA,
American TNCs such as General Electric, Westinghouse and IBM are all working in the
direction of the factory of the future (Kaplinsky,1984). On the other hand, the US Air
Force, through its ICAM (integrated computer-aided manufacturing) program is providing
"seed money for the establishment, within private industry, of modular subsystems designed
to computerize and tie together various phases of design, fabrication, and distribution
processes and their associated management hierarchy" (Hudson,1982,p.82l). Recent reports on
CIM in USA show that the process has advanced considerably [Lineback(l984), Gould(l985),
Farowich(l986), Kaminsky(l986), Bylinsky (1985,1986), Industrial World (March 1986), The
Economist (5 April 1986)]. Crucial to this advance and, particularly to the future diffusion
of CIM, has been the development of standard communication protocols which enable
computers and other programmable equipment to communicate with one another irrespective
of make. In other words, they solve the problem of incompatibility between the equipment
supplied by different vendors, thus enabling their systemic integration. GM has developed the
Manufacturing Automation Protocol (MAP) for communication on the factory floor, while
Boeing has developed the Technical Office Protocol (TOP) for communication on the technical
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system is described by Marsh (1982).

"There are three main computers; one each for the flexible
manufacturing system, design and administration. Instructions that
enter the first computer control how and which goods are made;
draughtmen worked out which goods they want made with the second
machine; and in the third are lodged all the details about orders,
scheduling, the state of stocks and so on. All three computers are
linked to each other; and also to an automated warehouse from which
raw materials are passed by a transport mechanism to the factory
floor and the machining area...At the heart of the factory would be a
communications network of amazing complexity that links all the
machines in the plant so that they constantly relay instructions to
each other." (Marsh,1982,pp.llO-lll).

Undoubtedly, this is a most powerful example of the way in which the

practical realization of signal systems convergence is beginning to revolutionize
the technical base of society. Indeed, as the same kind of transformations are

taking place in many other areas of human activity, it is possible to say that a

full-scale bitronic- and computer-based technological revolution is now beginning
to develop. In the office, for instance, the systemic distribution of intelligence, is
also bringing about radical changes and the bitronic signal is rapidly overtaking
the paper as the system's main working unit. In Xerox Palo Alto Research
Center, California, such a system is already in operation. Here,

"Each terminal (or electronic desk), each printer, each specialized file,
and each unique office service unit acts autonomously in handling its
own task. All are linked by (typically) a high-bandwith
communications channel that enables them to share load, perform

and office arena. Although full network capability is expected to be achieved by 1988, the
potential of MAP and TOP has already been demonstrated as the following report
shows,..."At Autofact' 85...[automation conference held in Detroit in November 1985
AJd.]...Honeywell demonstrated an ability to link factory an office automation through both
MAP and TOP... Honeywell's Autofact booth featured a representative plant - a fully
operational model assembly line which demonstrated automation from the factory floor to
the office of the VP of manufacturing and from order-entry and receipt of raw materials to
shipment of finished products" (Industrial World, March 1986,p.3). In addition,..."at GM, the
first plant-wide implementation of MAP will take place this year at five truck and bus
plants and at a factory-of-the-future project in Saginaw, Mich." (Kaminsky,1986,p.86).
Filially, IBM is already advertising its own brand of CIM in the following terms,..."An IBM
computer integrated manufacturing system breaks down barriers...It links together the people,
machines and information in the various departments throughout your company, making it
more efficient and more competitive. Administration and marketing, design and production
engineering, and production planning and control all start talking and working together,
rather than constantly chasing their own tails" (Financial Times, 7 October 1986). For all
this, a recent report on automation concludes that..."A fully-integrated factory is at least ten
or probably nearer 20 years away...the main obstacle is the absence of a clear understanding
of how modern factories work—Computer people stand little chance of linking the islands of
automation until management people come up with a general theory of manufacturing" (The
Economists, 5 April 1986,p.85).
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specialized functions for one other, and handle the interaction business
of the organization. The on-site communications network are, in turn,
interconnected by common-carrier links, creating a large geographically
distributed network of systems, subsystems and work stations, each
speaking the same language. Such integrated office systems are just
now being offered commercially." (Spinrad, 1982.p.809).

The signal systems convergence and distribution of intelligence, therefore,
has not only enabled the total computerized integration of the office, it has also
created what Giuliano (1982) calls the "virtual office", i.e., an office with no

geographical limitations and which "is essentially anywhere the worker happen to
be: at home, visiting a client or customer, in a hotel or even in an airplane."
(Giuliano,p.l33). And as these major developments in data processing are being

adapted to fulfill the needs of such activities as banking, retailing and

newspapers (130), a host of new concepts have emerged which are expected to
become commonplace in the future: for instance, electronic mail, electronic funds
transfer system (EFTS), electronic journal, teleconferencing, etc. (131). Indeed,
the potential to revolutionize old products, processes and services while creating
new ones seems to be limitless. Thus the research community and education are

also witnessing the emergence of new and more powerful tools and means at
their disposal. Computer research networks, computerized libraries and electronic
universities, for instance, are all recent developments which are bound to have
an important effect in the quantity and quality of research and education (132).
Finally, the development of expert systems (133) (i.e., programs that incorporate

(130) See Mertes (1981), Schaller (1978), CSE Microelectronics Group (1980), Burkitt and
Williams (1980), Osborne (1979), Barron and Curnow (1979) and BullSci.TechSoc. (1981).
(131) EFTS is simply payment systems that use computerized signals rather than paper

(money, checks, etc.) to effect and economic exchange (Schaller,1978). Electronic mail simply
means the communication of documents from sender to addressee by electronic means rather
than by ordinary postal system (I. Galbraith,1980). But in 1982, IBM had a more

sophisticated system, Epistle, that was able to read the mail and inform the recipients of the
important parts ( Business Week, 1982). Electronic journals refer to a system where various
paperwork operations are replaced by a movement of manuscripts by digital transmission.
Such a facility might be shared for the publication of a number of journals and readers
connected to the network (Cawkell,1978).
(132) See Newell and Sproull (1982), Haas (1982), Ploch (1982) and Jennings et al (1986).
The electronic university is an educational telecommunication network that connect students'
personal computers with those of theiT instructors via standard telephone lines, allowing live
two-way communication. In 1984, in USA, 170 courses were being offered by one of these
systems, with 6 universities using it as an approved teaching method and other 40
conducting pilot evaluation ( The Guardian, 6 Sept. 1984).
(133) "...expert systems, or, more appropriately, knowledge-based systems, use AI methods to
solve problems and to aid decision making by using a knowledge base along with rules of
inference that apply to a specific field of knowledge."(Manuel and Ivanczuk, 1983,p.l27). By
1983, there were 200 researchers in USA -500 worldwide- working on expert systems
programs. About 50 had been produced in such disparate fields as medicine, business
management, computer design and repair, and the search for natural resources
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the expertise of humans in a computer), by enabling in principle to replicate the
best of human expertise in a computerized fashion, promises the possibility of

spreading the expertise in many fields to any place where it may be needed and
where it is not available. As Electronics (1980) has put it, therefore, it seems

that in the future,

"Electronics in the form of dedicated intelligence will be everywhere
-in home entertainment, appliances, automobiles, airports, highways,
offices, banks, stores, factories, hospitals, schools, and, of course, in
space. Prodigious strides have already been made along these lines, but
the sheer volume of information processed, stored and transmitted in
the future will be mind-boggling...The world, then is entering...the "era
of computational plenty". But to exploit this new wealth, further
advances will have to be made." ( Electronics, p.448).

To this we would add that to exploit this new wealth for the benefit of
mankind and hence, to realize the "era of computational plenty" for every nation
in the world, more than further technical advances will be needed. As we shall

see later on, maybe the very social framework nurturing this technological
revolution will be in need of changes as profound as those affecting the

technology.

[Shurkin(l983), Business Week (1982), Winston and Prendergast(l984), Davis(l986)].
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2.8. General Discussion

Technically, the microelectronic revolution in the making did not start

suddenly in the seventies. The microprocessor was just a crystallizing moment of
a long and protracted process involving the efforts of scores of people and the

integration of many fields of knowledge and expertise. In this process, the
bitronic- and computer-based convergence of signal systems which is its most

crucial characteristic is generating the technical conditions for a sweeping
transformation of the technical base of society. In principle, the all-pervasiveness
and intrinsic systemic potential of the technology which has emerged and
continues to advance at an impressive pace, promises to touch every corner of
human activity. Its understanding and long-term mastering, therefore, have been
justly perceived as one of the most important tasks facing the development of
human society.

In this context, as far as the fundamental constituents of an indigenous
microelectronics capability (IMC) is concerned, the most important conclusion

springing up from the previous discussion is undoubtedly the need for an

integrated approach which incorporates the profound reality of the convergent

and synergistic development of microelectronics and the area of signal systems.

Indeed, given that microelectronics only exists and develops in relation to, and
because of, the area of signal systems, and has, to an important extent, itself
evolved into the area of computer systems, it is quite meaningless and artificial
to talk of an IMC as something apart from the area of signal systems. Clearly,
the all-pervasiveness of microelectronics is nothing but the all-pervasiveness of
the area of signal systems itself so that, without the latter, the capacity to

produce chips becomes at best a useless capacity. As a corollary to this point, it
is clear that the intrinsically systemic character of the process of signal systems

convergence also becomes a fundamental aspect of a microelectronics capability.
It is true that microelectronic components may be used discretely in various

applications, but, as we have conclusively shown, it is in the potential for

systemic signal systems interaction made possible by their bitronization and

computerization, where the seeds for major transformations lie. An IMC,
therefore, if it is to enable autonomy as regards the course and ultimate purpose

of the microelectronic revolution, must certainly contemplate both the area of

signal systems and the systemic features dominating its process of development.

The implications of this conclusion for the problem of IMC in the Third
World are quite momentous. In effect, during the discussion we have dealt with
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the technology as if it were a world reality and as if the convergence of signal
systems were to manifest itself in a sort of worldwide transformation of the
technical base of society. But we know that, in practice, technology only
materializes itself in the reality of specific countries or regions. In the first
chapter, we saw the existence of great disparities worldwide with the Third
World having little leverage in the technology behind the microrevolution. This
is the actual context of the diffusion and impact of microelectronics. A context

where there is no general access to the technology and where only the countries'
efforts to acquire the necessary capabilities is left as the actual path towards an

autonomous microelectronic-based technical transformation of their own societies.

On this score, the findings of the present chapter enable us to raise various

points.

a) Given that microelectronics and signal systems are an integral part of the
technical base of society, it is clear that any microelectronic-related
transformation of this base will completely depend upon the latter's current
state of development and, in particular, upon the current state of development
of signal systems themselves.

b) As a result of the convergent and synergistic development of microelectronics
and signal systems, efforts to acquire indigenous microelectronics capabilities must

strive to bring together into a coherent framework all the elements which
characterize such a process. This does not mean that given countries should
acquire all technical expertise relating to microelectronics and signal systems nor

that they should be advancing the frontiers of knowledge by solving "reverse
salients" for instance. It does mean though that, in accordance with their specific

development purposes, countries should be able to autonomously influence the

unfolding of the microrevolution in their own soil, by possessing autonomy to

select both the areas and the level of expertise they are going to strive for and
the areas of expertise their are going to depend upon. It is a matter of

technological autonomy and even of interdependence rather than dependence.

c) For countries aiming in the long-term at achieving and IMC, it is important
to bring into a framework of long-term coordination the existing and future
programs of activities of the institutions whose specific concerns are likely to

converge as a result of the demands and convergence of the technology.
Educational and research activities in electronics and signal systems, for instance,
are an obvious example in this respect. But so too is the coordination of the

- 135 -



relevant activities of university, industry and government if resources are not

going to be wasted in the attempt to implant a microelectronics capability.

d) Conceivably, by integrating into the production of signal systems of other
countries, a capacity to produce microelectronic components may be established
in a given country without having any major production capacity of its own

regarding signal systems. In this case, however, it is plain that one could
hardly speak of an indigenous microelectronics capability in the sense of
countries being able to autonomously influence the course of the microrevolution
in their own soil.

e) Also, without having an IMC, it is possible for countries to derive partial
benefits from the technology by being able to use it and apply it mainly in
discrete fashion in any of the wide variety of products, processes and fields in
which the technology can perform. In the long-term, however, autonomy can

only develop out of a systemic and integrated approach to the acquisition of
capabilities in the area of microelectronics and signal systems.

f) For the Third World the idea of "catching up" with the technical frontier of
microelectronics and signal systems seems to be a very difficult proposition even

in the long-term. This is so, because, in practice, that frontier is moving all the
time in a synergistic process which manifests itself in the search for the
solution of "reverse salients" while giving rise to "direct salients" which are

already setting new horizons of technical achievement. In the latter respect, we

may even say that, while in the long-term the Third World is looking at the

mastering of the technology of the "bitronic era", the technological frontier has

already began a long-term movement into the "photonic era". As such, it would
seem that any attempt at modelling a microelectronics capability in relation to

the particular situation of leading industrial nations is bound to be unrealistic.

g) Finally, the reasons for the "catching up" difficulties are not merely of a

technical character, for, as we said at the beginning, the technical process of the
microrevolution has no life of its own. In the final analysis, as we shall see in
the next chapter, the whole process is sociotechnical, with the technical not only

expressing and reproducing but also demanding the existence of specific social
forces supporting its development. Let us then turn our attention to the social
factors in the microrevolution, with the aim of completing our identification of
what we referred in the first chapter as the fundamental constituents of an
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indigenous microelectronics capability.
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Chapter III

The Social Constituency of an Indigenous Microelectronics
Capability: An Interpretation of the Social Nature of the

Microelectronics Revolution.

In the previous chapter, we looked at the convergent, systemic and

pervasive nature of the technical process involved in the microrevolution. The

perspective of analysis was deliberately broad in an effort to capture the depth
and breath of such a process and to show the tendency towards integration of
elements which might otherwise be taken as separate. This understanding alone,
however, does not suffice to show the real magnitude and complexity of the

problems involved in the build up of a microelectronics capability. Indeed, we

have already seen in Chapter I, how without an understanding of the social
factors, the problem of building up an IMC may not only be construed as a

primarily technical problem but also the whole issue of the social purpose of a

microelectronics capability may be blurred by the apparent inevitability and

neutrality of the technical developments which are taking place.

It is true that microtechnology has been the result of a cumulative and
rather protracted process and, in this sense, the technical issues alone play a

crucial role in the problem of building up an IMC. In fact, we have seen in

Chapter II, how the development of microtechnology has been and is being

clearly conditioned by the prevailing state of its technical development at any

given time. The dependence of technology upon technology is thus as important
for the IMC problem as the dependence of technology upon other social factors
(1). Hence, it is in the combination of the two where the best possibility to

produce a better understanding of the IMC problem lies.

Having dealt with the technical issues, therefore, in the present chapter we

shall turn our attention to the social issues in the development of

microtechnology with the aim of gaining an insight into the social nature of an

IMC. As in the previous chapter, the perspective of analysis will

(1) For a discussion on some theoretical viewpoints about the idea that "technology shapes
technology", see the introductory essay in MacKenzie and Wajcman (1985). In these authors'
view, "...Existing technology is... an important precondition of new technology. It provides
the basis of devices and techniques to be modified, and is a rich set of intellectual resources
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also be deliberately broad in an effort to bring to light the interplay of the
various social factors and actors which may be involved in the manifestation of
a microelectronics capability. An idea of the task we intend to undertake is

given by the following passage.

"Reconstructing the development of the microchip is a step on the road
towards demystifying its presentation because in its past one starts to
see the contours of the relations that produce it. These are revealed as
neither some simple-minded social demand nor as a technological
eureka, but as complex interaction of factors such as the arms' race,
the battle for space, U.S. government expenditure patterns, the budget
commitments of giant corporations like IBM and AT&T alongside the
fierce entrepreneurial drive of Fairchild, National Semiconductor, Intel
and the like... This process of historical reconstruction is a difficult
task, but it is essential that we make comprehensible the rapid rise of
the micro by illuminating the special circumstances of its growth if
there is to be any prospect of the public participating in its current
and future applications." (Webster and Robins,1981,pp.320-32l).

In practice, it goes without saying that, in all the complexity of the
problem, the number of factors and issues which tire involved in the social
reconstruction of the development of microtechno logy is for all purposes
unlimited. Thus, in the present work, it is inevitable that we make some
decisions as regards the issues and the path the discussion is going to follow. In
this respect, the following are some of the most important guidelines setting the
broad framework of the analysis.

a) Abstraction will be made of the fact that the development of the area

of signal systems ultimately touches upon the whole of the technical base of

society. This means that we shall concentrate exclusively on the area of signal

systems and hence, on the major social factors and actors underlying the process

of its development. Moreover, in so doing, there will be two general postulates
which the discussion will be based upon. First, that, in fundamentals, the

practical realization of any major technical system will always demand the

systemic integration of human, financial, material and time resources; and,
second, that while this is true for any system - with obvious variations in the

quality and quantity of the resources involved in different systems - the specific
form assumed by the systemic integration of the basic resources and,

consequently, by the development of the technical systems themselves is neither
fixed nor inevitable. Thus, although we shall not concern ourselves here with the
theme of alternative forms of development for microtechnology (2), we expect

available for imaginative use in new settings." (Mackenzie and Wajcman, p.10).
(2) A number of studies and experiences have sought to show the existence of alternative
technical options to the current development or implementation of microtechnology and,
relatedly, the existence of very specific social options behind what is actually taking place.
For instance. Noble (1979,1984), Braverman (1974), Kaplinsky (1984) have dealt with the
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the present work on this particular technology to confirm that, in the final

analysis, a social option is definitively exercised over its development, which

depends, primarily, upon the particular form of social control and organization
of the basic resources in a given society.

b) In dealing with the social forces in the development of microtechnology,
we shall focus, primarily, on the interplay of those forces whose actions and
interests have played a dominant part in determining the shape and dynamism
of the process of development of microtechnology. We shall call this interplay
of forces the dominant social constituency or. simply, the social constituency of

microtechnology insofar as their dominant control of the basic resources of the

technological process (i.e. financial, human, material and time resources) enables
them to control the specific form of systemic integration of these resources and,

ultimately, the shape and development of the technology itself. As a result, we

shall make abstraction of the role of other social forces seeking to influence the

development of technology but having no major and direct control of the basic
resources for this to happen at any substantial scale. Of course, in the last

analysis, the specific development of the technology is not the result of the

issue within the context of factory automation and, particularly, in relation to NC machine
tools. Also, a number of CSE's (Conference of Socialist Economists) studies have touched
upon such areas as robots, NC, the office, etc., [see CSE Microelectronics Group(l980), Barker
and Downing(l979), Duncan(l982), Feickert(l979)]. In the same vein, Walton (1982) has
suggested the need to include human implications at the level of design, whereas E.
Mumford et al (1978), E. Mumford and Henshall (1979) and E. Mumford and Weir (1979)
have proposed a participative, sociotechnical approach to the design of work systems
involving computers. Finally, Cooley (1976,1980a,1980b) and Rosenbrock (1977a, 1977b)
have discussed the problem of social options in the development of technology in relation to
the computerization of design work itself. Among the experimental work establishing the
viability of alternative technical options, at the University of Manchester's UM1ST,
Rosenbrock has developed a designer's centered interactive computer system, while E.
Mumford has implemented in different environments his participative approach into work
systems involving computers (see references above). Also, in USA, work has been done in
the use of computers to help small scale farmers and enterprises (Dickson,1984), while the
"Community Memory Project" in Berkeley has attempted to build and deploy a non-
hierarchical computer communications systems for the public management of public
information. Its goal "is to demonstrate that computer information systems can be built that
will help people to meet other people with similar interests, in effect to create an electronic
public space" (Athanasiou,1985,p.50). In Sweden, a larger scale project called UTOPIA has
brought together workers and scientists in an experiment whose "goal is to help the unions
to translate their social values regarding job skills, quality of work and quality of product
into new computer hardware for the printing industry." (Howard, 1985,p.43). Noble (1984)
reports on similar efforts in the US, where "unions have forged unprecedented ties with
technical workers in universities for similar purposes" (Noble,p.350). Finally, because of its
importance as a social struggle aiming at redirecting modern technology into socially useful
products and human centered technologies, the experience of the Lucas Combine -although
not directly related to microtechnology- is highly relevant on this score [see Wainwright and
Elliot(l982), Cooley(l980a)].
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unopposed actions and interests of the dominant social constituency. It is, in
fact, the result of the struggle, alliances and confrontations, between all the
forces and interests concerned with and affected by the development of the

technology. In this respect, it may be said that any of these social forces is in
fact part of the social constituency of microtechnology. For the sake of the

present work, however, we shall consider the struggles and interests of all social
forces, to the extent that they have an impact, as reflected in the decisions of
those who, because of their control of the basic resources of the technology,
have done most to shape its development. For this reason, we shall assume the
latter to be the social constituency of microtechnology.

c) For empirical purposes, our analysis of the social constituency of
microtechnology will draw primarily on the particular case of the US but

introducing global and comparative perspective whenever deemed necessary. The
reason for this choice is that the US is both at the forefront of the

development of signal systems and the place where the most important

developments in microelectronics have originated. By focusing on the US,
however, it is clear that we are simultaneously making a choice about the

particular form of society which will constitute the subject of our analysis as

much as the historical environment for microtechnology. In the case of the US
such form of society finds its fundamentals in capitalism and, as we shall see

below, this entails the existence of distinct forms of social control, tendencies

and purposes in the social organization of the basic resources and, thereby,

development of microtechnology.

d) Within the context of capitalism, we shall not concern ourselves with
related social issues such as those involved in the spread of microtechnology

through the technical base of society. These problems are beyond the scope of
the present work whose aim is primarily the unveiling of the nature and

workings of the social constituency of a given IMC and, most particularly, the
identification of those constituents and tendencies which may be considered as

fundamental to the build up of an IMC in the UDCs.

Given the above setting, the immediate analytical consequence is that we

are left with two basic pillars whereupon to start our work of reconstructing
the social development of microtechnology. These are the science-related nature
of microtechnology (3) and the capitalist framework dominating its process of

(3) By science we shall understand the pursuit of systematic knowledge of natural
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development. These pillars are not on an equal standing, however, since, unlike
the clear historical character of the latter, the former can be considered as

immanent to the very existence of microtechnology and, hence of an IMC. In
effect, as it transpires to a certain extent from the analysis of Chapter II and,
as we can see more distinctly in the analysis of the scientific origin of the
transistor given in Appendix I, the whole of microelectronics and, consequently,
the signal systems now converging on its basis, all belong to that class of
science-related technologies which first made their industrial appearance in the
late 19th century and have since had a major development during the present

century, particularly, since World War II. This class of technologies has as its
immanent characteristic scientific knowledge which means that microtechnology
would simply not have existed under any social conditions had it not been for
the theoretical understanding of crucial properties of matter and energy. True

enough, the pursuit and technical exploitation of scientific knowledge has taken

place under socially determined conditions, which means that science is itself

part of and shaped by the social context within which it is nurtured and

develops (4). This fact, however, does not question in any sense the crucial

phenomena (Mulkay,1977). According to Freeman (1974), "the expression ' science-related'
technology is usually preferable to the expression ' science-based' technology with its
implication of an over-simplified one-way movement of ideas" (Freeman,p.29). On the other
hand, the expression 'science-based' technology emphasises more clearly the fact that scientific
knowledge is indeed fundamental to the very existence of the technology. Here we shall rise
both indistinctly.
(4) With the rise of science-based technologies under capitalism, science has become a major
aspect of the sociotechnical and productive system governed by capital. So much so, that
various scholars, particularly within the Marxist school of thought, have postulated that
science has become a direct productive force [ Svorykin(l963), Richta(l978), Fedoseyev(l977),
Skorov(l978), Hales(1982)] and as having been pressed into the service of capital
[Braverman(l974), Noble(l977), Rose and Rose(l976a), Albury and Schwartz(l982)J. Most
authors see this process as being rather a 20th century development although it would have
started by the late 19th century with the emergence of the science-based chemical and
electrical industries. Marx himself, however, wrote in both Capital and Grundrisse about the
pressing of science into the service of capital with the development of modern industry.
Thus, "...modern industry makes science a productive force distinct from labour and presses
it into the service of capital" (Marx,1977a,p.34l) and, when "...large industry ...has reached a

higher stage—Invention then becomes a business, and the application of science to direct
production itself becomes a prospect which determines and solicits it" (Marx,1977c,p.704).
For Braverman (1974), however, in Marx's own days, "this was... more an anticipatory and
prophetic insight than a description of reality" (Braverman,p.l55). On the other hand. Cooper
(1971) argues that in referring to science, "Marx was basically concentrating on a newly
formed interface between science and technology: his terminology is designed to cover a new
kind of economically oriented activity involving the search for new inventions, anu the
rational scientific examination of production processes made possible by the factory system.
In this process, individual inventors, mill-wrights, erstwhile instrument makers, and nascent
engineers draw upon the existing body of scientific understanding... and used it for
innovation in production in a way which was not possible before" (Cooper,pp.l78-179). See
also Rosenberg (1974) for Marx's concept of science.
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reality of the science-based nature of microtechnology, it only points to the
social character of its historical realization.

In the present work, we shall take into account the intrinsic role of science
in microtechnology, by bringing at the center of the analysis the activity of
research and development (R & D) which would include science (research both
basic and applied) but also all the aspects of the process of generation of new

technical developments (5). There are two reasons for doing this. First, most

available quantitative data regarding microtechnology do not distinguish between
research and development, let alone basic and applied research (6). Second, our

(5) There is a great deal of consensus regarding the definition of E & D, although the
wording may differ from one author to another. Some of the most important definitions are
those of the US National Science Foundation and the OECD's Frascati Manual. According to
these sources, R&D consists of basic and applied research in the sciences and in engineering
and activities in development, where research, which encompasses both basic and applied, is
systematic, intensive study directed toward fuller scientific knowledge of the subject studied,
and where development is the systematic use of scientific directed toward the production of
useful materials, devices, systems of methods, including design and development of
prototypes and processes [Batelle-Colombus(l984), NSF(1984), U.S. Department of Commerce
(1975)]. In addition, basic research is experimental or theoretical work undertaken primarily
to acquire new knowledge of the underlying foundations of phenomena and observable facts,
without any particular application or use in view, whereas applied research is also original
investigation undertaken in order to acquire new knowledge; it is, however, directed
primarily toward a specific practical aim or objective ( OECD.1976). For other authors
dealing with the concept of R &D, see Freeman (1977), Lindsay (1973), Hoddeson (1981),
Pavitt and Worboys (1977).
(6) In practice, the distinction between 'basic' and 'applied research' is not a clearcut one
and various authors have pointed to the lack of sharp boundaries between the two
[Mulkay(l977), Mansfield(l972), Freeman(l977)]. In a similar vein, there is also much
awareness of the serious limitations of the linear hierarchical model portraying technological
innovation as leading from basic research to applied research and development [Layton(l977),
Barnes and Edge(l982)]. It is much more accepted that the relationship is in fact one of a
dialectical interaction where the search for the solution of technical problems lead to
problems in basic research and vice-versa. Furthermore, in a more general context, there is
evidence that, by and large, the search for science-related technological developments in
particular directions is reflected in the selection of areas of pursuit of basic research. Thus,
although the latter activity is still the understanding of natural phenomena, its connection
with applied R & D is a veTy real one from the viewpoint of the process of generating
technical innovations. Perhaps the clearest example is provided by Bell Laboratories where a

great deal of basic research is pursued without immediate concern for practical applications
-for instance, Feibleman (1961) notes that from "the Bell Laboratories have come the
discoveries by Davisson and Germer of the diffraction of electrons, by Jansky of radio
astronomy, and by Shannon of information theory" (Feibleman,p.314)- but where the chosen
areas of research are undoubtedly related to the areas of technological pursuit of the parent
company AT&T. Freeman (1977) suggests that this kind of research may be called
'background' or 'oriented' basic research. A similar concept is proposed by Sanders (1975).
The problem is that, in the general context of present advanced societies, it seems

increasingly difficult to talk of 'non-oriented' basic research as science is perceived as more
and more important by those groups in control of the power structure of society and as
definite social options are being implemented all the time in accordance with their particular
interests (see Dickson,1984).
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concern is more with the whole process leading to the development of
microtechnology and not just with the role of basic or applied research
underlying its character of science-based technology.

Thus, it will be the activity of R & D which will become the primary
focus of our analysis as we seek to bring together the two factors which, by
definition, are intrinsic to the development of the US microtechnology, namely,
the science-based nature of microtechnology and the capitalist social framework

determining its historical realization. For purposes of our analysis of the social
constituency of the US's IMC, however, we shall take the intrinsic role of these
factors as socially embodied in the activities and interests of both science and

capital respectively. The latter, therefore, would be the intrinsic social
constituents of the US's IMC or of the IMC of any other capitalist country for
that matter. In the following, we shall pursue the implications of this fact for
our understanding of the social constituency of the US's IMC by looking, first,
at the main economic tendencies associated with the historical development of

capitalism and, second, at the complex of social interests which, including science
and capital, we suggest has dominated the social constituency of microtechnology
in the US. In the latter respect, since strictly speaking an IMC is the outgrowth
of the post-World War II development of semiconductor electronics, particularly,
the development of the transistor in the late-1940s, our discussion will be
limited primarily to this period and to those relevant developments of World
War H.

3.1. Basic Technoeconomic Tendencies of Capitalism and the
Post-World War II Complex of Social Interests Making Up
the Social Constituency of the US's IMC

By capitalism we shall simply mean that type of social system dominated

by the forces and rationality of capital, where capital in the words of

Kaplinsky (1984a),

"...can be defined as the constellation of forces which owns machinery,
buys in labour and other inputs, organizes production and marketing,
is responsible for production and process development, liaises with the
state and copes with competition from other firms. As such in order
to operate effectively, it is essential that it retains control over social,
technological and economic relations of production. So for capital, the
role of technology is not only to produce attractive commodities at
low cost, but also...to allow control to be exercised within the factory
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itself." (Kaplinsky.p.lll).

The questions which naturally follow are why does capital operate in such
a fashion ? and what are the basic tendencies emanating from such operation ?
The answer lies in the "restless never-ending process of profit-making"
(Marx,1977a,p.l5l) which underlies capital and the constant dynamic of capital
accumulation associated with it (7). "Accumulate, accumulate! That is Moses
and the prophets!" (ibid.p.558), wrote Marx, characterizing the fact that under
capitalism the entire sphere of social production becames dominated by the
rationale of accumulation for accumulation's sake. This means that, in the latter
process, incessantly a portion of the profits is converted into additional capital,
thus ensuring its constant self-expansion (8). In Sweezy's words, this process
"constitutes the driving force of capitalist development" (Sweezy,1970,p80).

A natural tendency resulting from the process of capital accumulation is
the concentration of capital. That is to say, the enlargement of the scale of
production commanded by each capital in accordance with its own growth or

accumulation. But according to Marx (1977a), there is also another powerful
tendency of capital leading to the increase in the scale of production and,
indeed, to its agglomeration in huge emits. This is the process of centralization
of capital which brings together into combination capitals which are already in
existence, thus transforming many emits into few large capitals (9). The main

underlying factor in centralization is competition and the consequent importance
of the economies of large-scale production [Mandel(1977), Sweezy(l970)]. The
latter phenomenon, which in the market express itself in the existence of ever-

higher 'entry barriers' [i.e., "factors which make it difficult for a new firm to
enter the market" (Kaplinsky,1984a,p.ll2)] (10), tends to be self-reinforcing in

(7) For Marx (1977a), the essence of the process of capital accumulation is the self-
expansion of value through the generation of surplus value, i.e., the increment or excess over
the original value advanced by the capitalist. "Capital is, by definition, any value that is
increased by surplus value" (Mandel,1977,p.8l). In Marx's own words, "...The value
originally advanced...not only remains intact while in circulation, but adds to itself a

surplus-value or expands itself. It is this movement that converts it into capital"
(Marx,p.l49). In addition, assuming the form in turn of money and commodities, it at the
same time changes in magnitude, differentiates itself by throwing off surplus-value from
itself; the original value in other words, expands spontaneously. For the movement, in the
course of which it adds surplus-value, is its own movement, its expansion, therefore, is
automatic expansion" (ibid.,p.l52).
(8) "...capital arises from surplus-value. Employing surplus-value as capital, reconverting it
into capital, is called accumulation of capital" (Marx,1977a,p.543).
(9) "...this is the specific difference between centralization and concentration, the latter being
only another name for reproduction on an extended scale. Centralization may result from a
mere change in the distribution of capitals already existing, from a simple alteration in the
quantitative grouping of the component parts of social capital. Here capital can grow into
powerful masses in a single hand because then it has been withdrawn from many individual
hands...Centralization completes the work of accumulation by enabling industrial capitalists
to extend the scale of their operations" (Marx,1977a,pp.587-588).
(10) "The further machine production advances, the higher becomes the organic composition
of capital needed for entrepreneurs to secure the average profit. The average capital needed
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that, as Kaplinsky (1984a) explains, once the "scale economies exist there will
be an inevitable tendency towards the concentration of production in large-scale,

technically efficient plants, leading to the centralization of production in

particular areas and particular firms" (Kaplinsky,p.ll4).

All in all, the following are some of the most crucial tendencies inherent
to the processes of concentration and centralization of capital, and, which we

shall find .in one form or another, underlying the development of

microtechnology under capitalist conditions. First, the progressive systemic

integration of isolated processes of production into "processes of production

socially combined and scientifically arranged" (Marx,1977a,p.588) (ll); second,
the hastening of technical change as a result of the expansion in accumulation
and vice-versa, a process which, in turn, leads to a constant increase in the
relative participation of capital in the production process through the

incorporation of labour-saving techniques (12); and, thirdly, the progressive

replacement of competition among a large number of producers by monopolistic
or oligopolistic control over markets by a small number of giant units of capital

(Sweezy,1970) (13). In the course of the present chapter, we shall be able to
see that, by and large, these tendencies have been at work throughout the entire
historical period of our concern shaping the development of the US's IMC.

in order to start a new enterprise capable of bringing in this average profit increases in the
same proportion. It follows that the average size of enterprises likewise increases in every
branch of industry. Those enterprises will be the most likely to succeed in competition
which have an organic composition of capital which is above the average, which possess the
largest reserves and funds for most rapidly advancing along the road of technical progress"
(Mandel, 1977,p,163).
(11) As we shall see later on, this development has been a conspicuous aspect of the
microtechnology industry insofar as the technology itself has created the conditions for
convergence and systemic integration. Thus, big industries are tending to continuously
penetrate new fields as well as integrating backwards and forward from raw materials to
market outlets.

(12) This process which Rada (1982) has called the increasing dependence of production on

capital is in fact a major underlying feature of the drive towards automation which we
have seen in Chapter H, In addition, in Chapter I, we have also seen that technical change
in the case of microelectronics is actually leading to capital-saving techniques too.
(13) In this connection, the conglomerate corporation comes to represent the ultimate
expression of centralization. According to Dos Santos (1972), these conglomerates "operate in
an enormous number of economic sectors having no technological link among themselves"
(Dos Santos,p.19). On the other hand, in relation to the science-based industries concerning
microtechnology, we can see from Appendix III that, from their very early historical roots
in the communications industry, a strong oligopolistic tendency has been clearly at work.
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3.2. Basic Characteristics of the Social Constituency of the US's
IMC

With the outbreak of World War II, the enormous force of war galvanized
the US to respond to the demands of a large-scale military enterprise. Most

importantly for our purposes, the force of war galvanized into existence a

complex of social interests involving government, the military, capital and
science, whose main objective was to direct the war effort, and, specifically, the
scientific and technical effort crucial for success in war. As we shall see below,

such complex of social interests took the effective control of the development of
R & D in the US and, by so doing it transformed itself into what we call the
dominant social constituency of the US's R&D system, that is, a constituency
of interests which by shaping and furthering the development of R & D

actually comes to constitute itself in an integral part of it. Admittedly, this

development was not without historical antecedents. Indeed, as it is possible to

see in the analysis of the historical roots and pre-World War II development of
the US's R&D system given in Appendix III, such social constituency first
came into existence during the First World war (14). Compared to what
occurred in the first war, however, the magnitude of the Second World War
scientific and technical effort and the lasting effect of its impact upon the

development of the R&D system and, indeed, society as a whole, represented a

quantitatively and qualitatively superior development of the tendencies insinuated

during World War I.

In effect, various scholars have identified World War II and, particularly,
the Manhattan Project (15), as the critical point in the emergence (or

(14) According to Rothblatt (1985), "...In the USA as in the UK two world wars stimulated
a closer relation between science, government and industry" (Rothblatt,p.50).
(15) It is commonplace to identify the Manhattan Project and its development of the first
atomic bomb as the critical event which epitomizes best the nature of the social complex of
interests and power formed in World War n. In Hales' words, in this project "laTge numbers
of workers of high intellectual standing were employed, together with massive resources of
industrial production like those needed to refine uranium ores. Scientists, directors and
managers of industrial corporations, and military and civilian state officials were all forced
to work closely by the urgency and secrecy of the project but also by the intrinsic
complexity of the apparatus which spanned fields of work that were normally separate"
(Hales,1982,p. 109). See also Zinberg (1985), Shroer (1972). The Manhattan Project was not
the only World War II project epitomizing the convergence between government, the
military, capital and science. It may have been the most dramatic for its awesome and
tragic results but other major projects were important too. Of these, as we shall see later
on, the proximity fuse and the radar projects had a major impact on the development of
microtechnology, costing $1 billion and $2.5 billion respectively as against the $2 billion
estimated for the Manhattan Project [ Electranics( 1980), Freeman(l974)].
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reconstitution) and development of a science-and-technology-based complex of
social interest and power which has come to dominate the political and
socioeconomic life of the US society. With different perspectives, the nature of
such a complex is undoubtedly the underlying theme of Lewis Mumford's
Pentagon of Power or Megamachine, Jacques Ellul's technobureaucracy, John
Galbraith's systemic view of the technostructure-state-scientific-and-educational-
estate interrelations and, also, of the military-industrial (-scientific) complex

propounded by various scholars, particularly, within the Marxist tradition (see
Appendix II for a brief review of each one of these concepts). Beyond the
differences, all these scholars agree in that the complex of social power which
took shape during World War II has developed into a long-term, dominant
feature of the US society, and most of them believe that nothing short of a

radical change of direction will be necessary to reverse the actual tendencies at
work.

It is a major contention of this chapter that the complex of social interests
we have been discussing has dominated the development of microtechnology as

much as that of the R&D system underlying the science-based nature of this

technology. In other words, that the capital-government-military-science would

effectively constitute the social constituency of the US's IMC. This is a view
that we shall strive to substantiate in the course of the analysis and which will
enable us to bring together into a single process the most relevant sociotechnical
factors in the development of microtechnology.

It is necessary, therefore, to expose briefly the basic tenets of our

understanding of the general features underlying the formation and workings of
the above social complex in its character of social constituency of the R&D

system and microtechnology. It can be put as follows.

In a broad sense, in a given society, all social forces have a social purpose

which constitute the raison d'etre of their existence. In a class society such as

capitalism where, as we have seen, capital owns the means of production and
exercises power over labour, liaising with the state and absorbing science in
order to ensure the permanent progress of the process of capital accumulation,
the reproduction of a society based on such social relations tend to give rise to

a dominant complex of power involving all those forces whose raison d'etre
allows for and stimulates a process of convergence and interlinking and whose

overriding interests makes it a matter of priority. In the latter respect, we

shall define the overriding interest for all social forces as the need to ensure
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access to, or the control or share of those resources which constitute the

lifeblood of the specific activities which define their raison d'etre and which
makes them distinctive forces in a given society. It is the control, share or

access to these resources which enable the reproduction and furthering of these
activities and with it that of the social forces themselves. In the last analysis,
such command or access to resources may be simply reduced to the possession
of effective social power either directly by controlling economic and/or political

power, or indirectly by having relation or access to and hence, influence upon

those in direct command of power and resources. This means that, by and large,

power alliances between distinct social forces (e.g., the military and science) may

develop when the product of the activities of one force is perceived as

important to the reproduction and furthering of another force commanding
resources which, in turn, are essential to reproduce and further the activities of
the former force. In this case, the specific interests of the latter force, say,

military power in the case of the military, will tend to shape the product of
the activities of the former force, say. the scientific and technical knowledge

produced by science. Altogether, what would have occurred is a social

convergence between these forces which would advance the interests of each one

of them.

Of course, a process of this kind is never a clearcut and straightforward
matter. Several factors will mediate its practical realization under given
historical circumstances. For instance, matters of specific principles such as

ethical in the case of science for weapons; external social pressures such as

strong opposition from social forces opposing a military-science convergence; and,
also, the existence of alternative alliances may mediate the convergence of
interests of distinct social forces such as science and the military. In practice,
what is most crucial for this sort of convergence to materialize is that none of
the above factors should be strong enough so as to prevent it. Given these
conditions, and indeed more positively, given the existence of favourable
sociohistorical pressures or galvanizing forces such as war for example, it is

possible to suggest that, as a general rule, all those social forces whose

overriding interests are complementary will tend to converge into systemic
interactions reproducing and advancing the interests of each one of them.

Above, we have already indicated that World War II saw the formation of
a complex of social power crystallizing the convergence of interests of
government, the military, science and capital under the galvanizing pressures of
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war. Now we may add that, although not free of contradictions, such

convergence has developed out of the largely complementary raison d'etre and

overriding interests of each one of these forces and which, for all cases, may be
reduced to the pursuit of quantitative and/or qualitative accumulation of some

form of power factor (16). In the case of capital this manifests itself in the
accumulation of capital through profit-making activity, for the military in the
accumulation of destructive power through improved weaponry, for science in
the accumulation of scientific and technical knowledge through the advancement
of the frontier of this knowledge, and for government in the accumulation of

political power both nationally and internationally, among other ways, through
the economic, military and scientific-technical power deriving from the other
forces (17). The crucial fact for our purposes, however, is that, since World

(16) I have to emphasize here that the concern of the present work is not with the
particular motives or ethical principles characterising each one of these social forces nor with
the internal problems and contradictions facing each one of these forces as a result of their
convergence or, simply, as a result of internal differences regarding issues of technological
development. Our concern is primarily with what makes that convergence possible. In this
respect, one of the most sensitive issues relates to the problems facing the scientific
community as a result of the apparent contradictions between freedom to pursue research
for common good and the very concrete interests and demands of capital and the military
for instance. Some authors have touched upon this issue [David(l979), Stanfield(l980),
Prager and Ommen(l980), Lasby(l966)]. But here we shall assume Noble's view made
explicit in the following passage. "First and foremost, the very fact that scientists and
engineers are in a position to learn about the properties of matter and energy and to use
their knowledge for practical ends, to make decisions about the design and even the use of
the new technologies, indicates their close relationship to social power. Such ties to power
afford them access to the social resources that make their achievements possible: capital,
time, materials and people. Thus, it is no accident that technical people are often allied so

closely with the owners of capital and the agencies of government: the connection is the
necessary prerequisite of scientific and technological development, given the social relations of
American capitalism..." (Noble,1984,p.43).
(17) We have been dealing with government as a completely separate social force. However,
the government and the military form part of the centralized state with the military
obtaining most of its resources from the government. Although, to an important extent their
interests coincide insofar as military power may be regarded as a necessary component of
political power, a fact which is reflected in the government largesse towards the military
and the considerable influence of the military itself in the corridors of government, the
government interests are much broader than those specific to the military. For this reason
there is room for tensions, with government interests possibly acting to restrain military
demands under specific historical circumstances such as happened in the aftermath of the
Vietnam War in the US. A similar case may be said to happen regarding the
interpenetration of government and corporate capital interests, where the tendencies emanating
from the latter's interests are constrained by the government through such means as the
antitrust laws in the US. That there is interpenetration of interests, however, is very much
a fact of life. Adams (1982) has studied this interpenetration of the military, government
and large corporate capital where it has become more conspicuous, namely, in the defense
industry. He has concluded that "...Over the years the defense industry has become a de
facto participant in the policy-making process. As in other areas dominated by powerful
corporate interests, a policy sub-government or "iron triangle" has emerged—Political scientists

- 150 -



War II, the focus for the convergence of these social forces has been science-
based technology which has come to be perceived as a decisive input to the

processes of accumulation of economic, sociopolitical and military power. This
has meant that the overriding interests of all these forces have converged around
science-based technology, giving rise to a constituency of social interests behind
its development (18).

In fundamentals, the main feature of such social constituency is that it
makes available all the necessary resources for the advancement of science-based

technology while shaping its development in accordance with the specific interests
of the constituents in control of these resources. In addition, within the social

constituency, the relative weight of each of the social constituents will be
neither equal nor a static reality: it will tend to vary for different historical

periods and circumstances, depending very much upon the specific galvanizing
forces bringing the constituents together. In this context, the relative weight of
each of the social constituents will be broadly reflected in the development of
the technology, a fact which is specially momentous when the specific interests
of some of the constituents show contradictory tendencies between themselves.

In the following, we shall attempt to systematize in a historical perspective
the role of the post-World War II capital-government- military-science social

constituency of power in shaping the development of the US's R&D system

and, particularly, of microtechnology. For analytical purposes, and to underline
the fact that the case of microtechnology actually reflects a much general process

affecting the entire sphere of science-related technologies (19), we shall first

describe an "iron triangle" as a political relationship that brings together three key
participants in a clearly delineated area of policy-making. The Federal bureaucracy, the key
committees and members of Congress, and the private interests. In defense, the participants
are the Defense Department (plus NASA and the nuclear weapons branch of the Department
of Energy); the House and Senate Armed Services Committees and Defense Appropriations
Subcommittee, as well as Congressional members from defense-related districts and states;
and the firms, labs, research institutes, trade associations, trade unions in the industry
itseif...The special interests and the Federal bureaucracy interpenetrate each other. Policy¬
makers and administrators move freely between the two areas and policy issues are

discussed and resolved among participants who share common values, interests, and
perceptions." (Adams,1982,p.24). See also Dickson (1984).
(18) The practical way in which these interests interlock around R&D for military
purposes in the US is described by Sapolsky (1972). "In the United States, though there are

government-managed weapons laboratories and arsenals, the private sector is a significant
participant in the weapons acquisition process. Universities are actively involved in the
conduct of military research. Non-profit corporations advice on design and management
questions. And business firms perform research, development, test, evaluation and
management functions as well as manufacture weapons." Sapolsky,p.453). See also Norman
(1981).
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focus on the US's R&D system when discussing the historical development of
the above social complex, the role played by its constituents, their varying
interrelations, and the main tendencies characterizing their development in the

presence of varying historical galvanizing forces (20), On this base, we

subsequently focus on the particular case of microtechnology showing how the
above social complex has effectively been the social constituency shaping its

development and how this development has mirrored the interests, tensions, and

relative weight of the constituents under given historical circumstances.

(19) This is not to suggests that everything will be exactly the same for different science-
related industries. In fact, every industry will exhibit its own particular characteristics in
accordance with its importance vis-a-vis the interests of the diverse social constituents. The
aircraft and missiles industry, for instance, has consistently had paramount military
importance and hence, it has been heavily influenced by the role of the military. See
Kaufman (1972). This industry has consistently received the highest proportion of Federal
funds for industrial R&D and such funds constitute a very high proportion of that
industry's total R&D expenditures. At its highest during the early-1960s Federal support
reached 91 percent of the total (NSB,198l).
(20) There is a much richer and detailed information about these issues in relation to the
US's R&D system than for microtechnology.
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33, The Social Constituency of the US's R&D System: The
Interrelations Between Corporate Capital, Government,
Military and Science (21)

The main theme of the present section is that the US's R&D system has
become the focal point for the convergence of social interests who seek to
further and reproduce themselves through its development and who, for the
same reason seek to shape such a development in the direction of their purposes.

To a large extent, in the same way as semiconducting electronics has become the
link for a convergent relationship between signal systems, here R&D and, as

we shall see later on, microtechnology have become the link for a convergent

relationship between different social interests. Unlike the technical convergence

discussed in Chapter II, however, the convergence of social interests we are

suggesting may be affected by contradictions between some of the interests in
such a way that, while generally unified in their support to R & D, a degree of
struggle may take place in particular historical conjunctures, which will be

ultimately reflected in the issues dominating the course of development of R &
D. In the latter respect, as we shall see below, international military and

political pressures, on one hand, and international economic pressures, on the
other, have both provided the main historical galvanizing forces which have

brought together and legitimized the post-World War II government-capital-

military-science constituency of the US's R&D. One, the other, or both

galvanizing forces have dominated the development of the above social

constituency since World Weir II, creating the conditions for the convergence and
contradictions between its constituents. As we shall see, it has been the pressures

of both galvanizing forces coexisting together which has been most associated
with contradictions, a fact which is rather recent and which certainly did not

affect the development of US's R&D for a long period after the war when

military pressures clearly constituted the dominant force underlying it.

(21) Appendix HI provides a historical analysis of the origins and pre-World War II
development of the R&D system, looking at the variations of its social constituency and
the latter's impact upon the development of industrial technology. For illustrative purposes,
there we have drawn primarily upon the communications industry which constitute the most
direct historical roots of the present-day electronics industry. As we shall be able to
realize, there is an important degree of continuity between the periods before and after the
war and most of the tendencies characterizing the development of the postwar US'S R&D
system had been clearly at work in the prewar period. Given the fundamental continuity of
the capitalist system throughout, this is certainly a fact that one should expect. Most
particularly, the tendency towards capital concentration had been at work for a long time
leading already to the existence of large units of corporate capital which we shall find
playing the most crucial part in the social constituency of the US's R&D system during
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In effect, tables 3.1, 3.2. 3.3 and 3.4 statistically illustrate the historical
variations undergone by the US's R&D system after World War II (22).
Focusing on the category of financial resources, they provide an idea of the

global evolution of the US's R&D system in relation to the role of each one

of its dominant social constituents. What is first clear is that, since World War

II, the system has grown dramatically (23) and, in spite of a decade of near

stagnation (1965-1975), it continues to grow in real terms as shown by figure
3.1 depicting this growth in constant dollars. The second major feature which
clearly transpires from the tables is the high relative weight of the military in
the postwar social constituency of the US's R&D system (24). Therefore,
unlike what happened in the aftermath of the First World War, when a large-
scale loss of influence by the military constituent took place (see Appendix III),
it is clear that no such a loss of influence took place after World War II, at

least in the long-term. Indeed, with the swift revival of military pressures and

the historical period of our concern.

(22) Statistical data are no intended to provide a exact quantitative picture but rather the
tendencies characterizing the processes under consideration.
(23) See Appendix III for a view of the prewar scale of the US's R&D system.
(24) According to Pappademos (1983), the true extent of the Post-World War II military
portion of US's R&D spending is even much higher than that indicated by the NSF's data
which we are using in table 3.1. For him, "these data hide the true size of the outlay on

military R & D in at least two ways. First, the "defense" R&D figure includes only R &
D spending by the Department of Defense (DOD), whereas there are at least two other
agencies that carry out significant amounts of war-related R&D. One is the Department of
Energy (DOE) which is responsible for the production of all nuclear materials and warheads
for the Pentagon, as well as most testing of nuclear weapons. It is estimated that over 40
% of the DOE budget goes directly for military purposes. Another federal agency with a

very significant fraction of military spending is the National Aeronautics and Space
Administration (NASA)...According to Hans Mark Deputy Administrator of NASA, more
than half of the space effort is military...A second factor hides the true extent of
government financing of war-related R&D. Company funding for industrial R&D (i.e., R
& D performed by corporations and not, supposedly, billed to the government) is known to
be indirectly paid for by the government by being included as overhead charges on federal
contracts. Giant corporations with the large "defense" contracts do most of the R & D in
industry, and the government eventually pays for it as overhead" (Pappademos,1983,pp.6-7).
On this basis, the author adjusts NSF's data showing that, in 1980, instead of the 22 % of
the total R&D outlays which the NSF gives to defense, "a staggering 59.6 % of the
nation's scientific research and development was devoted to military purposes... since rising
to 62.0 in 1982" (ibid.,p.8). Most likely, these figures tend to overestimate the magnitude of
military participation in the same manner as official figures tend to underestimate it. My
attention has been drawn, for instance, to the fact that Pappademos' second factor may

actually support a case for overestimation if the federal contracts are actually defense
agencies contracts. This because companies tend to inflate their costs when dealing with the
government so that defence figures would show a higher value than has actually been spent.
I thank D. MacKenzie for this point. On the whole, however, there seems to be a better
argument for underestimation than for overestimation. Here we shall use the most
conservative figures of the NSF to avoid any doubt as regards our case.
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its endless reproduction through the Cold War (25), the military has become a

permanent dominant constituent, heavily influencing the postwar development of
the US's R&D system. So much so that, for the first time in an important
scale, R&D work for military purposes has come to be seen as a major source

of new technologies for civilian applications: the so-called technological overspill
or spin-offs of military work (26). Of course, the existence of the latter

process was well supported by the evidence relating to the civilian spin-offs of
wartime military research. Thus, according to Salomon (1977), where, before, the

military technology had relied on civilian technology, now an important reversal
had taken place. In his words,

"Until then military research had been content with adapting civil
technology to the needs of war: the tank of the 1914-1918 war was
indeed nothing but a cannon placed in an armoured car, and even the
use of gases on the battlefield was only a military version of the
progress achieved by chemical research in civil life. During and
immediately after World War II scientific and technical research,
conceived with military ends in mind, became the source of newly
discovered forms of technology which were to be applied on a vast
scale in civil life: atomic energy, radar, jet planes, DDT, computers,
etc." (Salomon,p.48).

Since then, and not surprisingly given the continuous important role played

by the military, civilian spin-offs of military work have continued, thus further

entrenching the notion that military pressure is in fact an important driving
force in advancing the frontiers of civilian technology. Tirman (1984) has
described the basics of the 'spin-offs' argument as follows,

"...military R&D develops new "products" for defense, but the
technology created can also be transformed into something useful for
commercial industry. Since the Pentagon is willing and able to

(25) For Mumford (1970), this was the inevitable result of the emergence of the new

megamachine with the development of the atomic bomb. According to him, "...something
worse than the invention of a deadly weapon had taken place: the act of making the bomb
had hastened the assemblage of the new megamachine;...in order to keep that megamachine in
effective operation once the immediate military emergence was over, a permanent state of
war became the condition for its survival and permanent expansion" (Mumford,p.256).
(26) In the words of an OECD report (1971), after the war, "...There was no question as to
the value of the products derived directly from military and space technologies such as jet
aircraft, computers, and integrated circuits, although even in this area there was a question
as to how much derived from direct government R&D investments and how much from
induced demands for the products... But there is little doubt that, at least, their [these
products' A.M.] development would have been considerably slower if the military incentive
had been absent" (OECD,p.43). The same view is taken by Sundaram (1981) and Salomon
(1985) who questions the suggestion that public R&D investment would undoubtedly have
a better effect on the economy if invested directly in the civilian sector; he asks, "But
could this happen in the United States if defence aims were not there to spur the
administration to action?" (Salomon,p.85).
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underwrite high-risks "blue-sky" research and has ample funds to give
to promising ideas, it is on the cutting edge of technological advance,
actually more risk-taking and adventurous than most private industry.
No single institution can so steadily push back the frontiers of
knowledge and discovery. And this advance inevitable finds its way
into civilian commercial applications. Thus, DoD's [Department of
Defense's A.M.] emphasis on technology not only enhances U.S.
military preparedness, it directly benefits the civilian economy."
(Tirman.pp.16-17).

Along with this argument giving the military a decisive dynamic role in

pushing the frontiers of knowledge, a second argument has pointed to the crucial
'market' role of the military, particularly, at the initial stages of the product

cycle. Thus, in relation to semiconductors for instance, "...By providing an initial
market and premium prices for major advances, defense purchasers speeded their
introduction into use" (Utterback and Murray.1977,p.3). Below we shall see

that these views pointing to the role of the military as a driving force in the

development of postwar civilian technology have not gone unchallenged. Indeed,

they have been criticized from various angles, particularly, from the point of
view of the negative impact of the military control over a large part of the
US's R&D system on the US's overall economic performance and rate of
innovation vis-a-vis its major international competitors. Be as it may, the
fundamental fact and the one which is of our immediate interest here remains

unchanged, namely, the high relative weight of the military in the postwar

development of the US's R&D system.

Examining tables 3.1, 3.2 and 3.3 more closely, however, it is possible to
see that the military influence upon the R&D system has not been all that
uniform throughout the postwar period. Indeed, importants ups and downs have
taken place which have, by and large, tended to follow the pattern of variation
of the historical galvanizing forces dominating the development of the US

society, particularly, in the economic and political arenas both nationally and

internationally. Table 3.5 and figure 3.2 serve to illustrate this situation by

showing the historical ups and downs of both total defense expenditure from
1950 to 1981 (27), on one hand, and the level of defense procurements since
World War II to 1979, on the other. To this, it has to be added that, during
the 1980s, military expenditure has continued to grow larger under the policy of

rearming of the Reagan administration, already taking the level of real term

(27) For figures from 1930 to 1950, see U.S. Department of Commerce (1965), Table 342.
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Taar

TotalFadaralOutlay* Allrunctlon*

NationalDafena*Outlay*
Currant Dollara (Ml.)

Cota«tant(1972) Dollar* (Ml.)

Currant Dollara (Ml.)

Conatant(1972) Dollar* (Ml.)

CurrantDollar*a* Percantagaof FadaralOutlay*

1950

A2.6

93.8

12.A

30.9

29.1

1955

68.5

126.A

39.8

76.8

58.1

I960

92.2

1A3.3

A5.2

72.9

A9.0

1965

118.A

166.9

A7.5

68.9

AO.1

1968

178.1

22A.6

78.8

101.2

AA.2

1970

195.7

220.2

78.6

90.1

AO.1

1975

32A.2

260.2

85.6

68.7

26.A

1979

A91.0

297.2

117.7

70.6

2A.0

1980

576.7

316.7

135.9

72.7

23.5

1981

657.2

327.5

159.8

76.A

2A.3

1982

728.A

358.7

187.A

81.7

25.7

1983

805.2

356.6

21A.8

88.8

26.7

TaM*3.3.-radaralBudgetOutlay*forNationalDafanaaInthaU.S.(1950-1983). Sonroa.-AatablaA.3.
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expenditures beyond both the Korean and the Vietnam wars (28). Indeed, the
administration's own figures suggest an increase in procurement of about 240 %
(real terms) from 1976 to 1986 (29).

From table 3.5 and figure 3.2, it is possible to observe a clear attachment
of the military fortunes to the prevalence of war and militaristic pressures.

While Tables 3.1, 3.2 and 3.3 show how this has been reflected in the realm of

the R&D system. Historically, it is clear that immediately after the war, there
was a dramatic fall in the level of military expenditure from the very high
levels reached during the conflict (30). For a time it looked like the
demobilization which followed World War I was to be repeated with similar

consequences for the social constituency of the R&D system (see Appendix
ID). By 1946, the Federal outlays for National Defense had been almost halved
and by 1947, they had fallen to around 15 % of their wartime peak (31).
Such a situation, however, was shortlived, as the galvanizing force of war soon

reappeared to reconstitute, this time on a rather permanent basis, what had been
the wartime social constituency of the US's R&D system. Several events

served to justify what became known as the Cold War (32), which, according
to Freeman (1974) was to largely determine both the priorities of Government R
& D policy for the 1945-1970 period and the rise of the military-industrial

complex (33). The Berlin Blockade of 1948, the Chinese Revolution of 1949
and the first Soviet atomic bomb test in the same year, were all seen as a clear
threat to US hegemonic interests. It was the outbreak of the 'hot' Korean War

(28) Reagan assumed the US presidency in January 1981. "The initial estimates showed
Department of Defense budgets rising by $181 billion more than Carter administration's
projections in the 1982 to 1986 fiscal years, a total of some 1.5 trillion. By the time the
fiscal year 1985 budget was being proposed, the figure had risen again: for the years 1984-
1988, Defense Department budgets were slated to exceed $1.8 trillion—In fact, the Vietnam
build up cost only one-third of the Reagan rearmament in terms of constant dollars,
comparing the 1965-70 period with 1981-1986." (Tirman, 1984a,pp.ix-x).
(29) Caspar Weinberger (Secretary of Defense). Annual Report to the Congress. Fiscal Year
1986. See table 1 in the report.
(30) "From the early build up in production for European needs to the high point of
wartime production, spending for defense jumped from less than 2 percent of gross national
product (GNP) to nearly 40 percent" (Reppy,1983,p.22). For yearly figures since 1940, see
U.S. Department of Commerce. Bureau of Census (1975).
(31) See U.S. Department of Commerce. Bureau of Census (1975). Series Y 472-487. In
addition, by 1947 the total Federal outlays had fallen approximately 40 % their highest
wartime level.

(32) For instance, the Berlin Blockade of 1948, the Chinese Revolution of 1949 and the first
Soviet atomic bomb test in the same year.

(33) "... the priorities of the 1945-70 period were largely determined by the Cold War.
Government support for aircraft, nuclear and electronics R&D was both massive and
effective. Firms in these industries became part of a special military-industrial complex, in
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in 1950, however, which was to provide the most effective galvanizing force and
hence, the opportunity for a big surge of military spending and for the

consequent consolidation of the high relative weight of military interests within
the social constituency of the US's R&D system (34).

Figure 3.2 shows the dramatic rise of military procurements associated with
the Korean War, while table 3.5 shows an increase in national defense outlays
of about 150 % in real terms for the period 1950-1955. During the same years

the total Federal outlays went up about 35 % so that, by 1955, military

outlays accounted for about 60 % of the total Federal outlays. As regards, the
R&D system the impact on the military surge was considerable. Thus, table
3.1 shows defense and space increasing its share from 23 % in 1950 to almost
50 % of total R&D outlays by 1955. Most strikingly, however, the military
share of Federal funds reached 85 % in 1955, suggesting a clear convergence of
government and military interests and, more broadly, the reconstitution of the
wartime social constituency of the R&D system. In effect, corporate capital
and science also played a full part in this process and benefited in consequence

(35). Thus, as table 3.4 depicts, post-World War II expenditure for industrial
R&D went up by 28 % during 1953-55 with the Federal share for such

expenditures raising from 39 % to 47 % (36).

In addition, in line with the tendencies at work from the very early days
of the US's R&D system, the overwhelming part of the financial resources

accrued to the large corporations dominating the science-based industries (see
Appendix III). In 1957, for instance, the chemical and allied products, the
electrical equipment and communications, and the aircraft and missiles industries
accounted for 66 % of the total industrial R&D funds (37). From these the

electrical and the aircraft industries alone had a share of 57 %, thus reflecting

which state-supported innovation was normal" (Freeman,1974,p.4l).
(34) "The geographically contained Korean War, which began on June 25, 1950, caused the
United States not only to remobilize its conventional army, air and naval forces, but also to
undertake urgent technological developments for the maintenance of a power base for
worldwide stability" (Emme,1967,p.58l).
(35) In Norman's words, "...Major weapons laboratories were established in the forties and
fifties, links were forged between government agencies and private corporations as industry
began to build new weapons and conduct military research under government contracts, and
prominent scientists were pressed into service to advice defence agencies on their weapons

programs" ( Norman,1981,p.73).
(36) Other statistical sources suggest a 40 % increase in industrial R&D expenditure for
the period 1953-55 and a 100 % increase for the period 1950-55. The same source suggests a
40 % increase in university R&D expenditure for the years 1950-55. See U.S. Department
of Commerce (i960). Table 706.
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their primary importance for military interests. In fact, between themselves these
two industries used 80 % of the Federal funds for industrial R & D. On the

other hand, looking at the size of the companies, we find that, in 1957, those

companies with more than 5000 employees accounted for 85 % and 90 % of the
total and Federal industrial R&D funds respectively. At the same time, the
first 4 companies with the largest R&D programs spent 22 % of the total
funds and 29 % of the Federal funds for industrial R&D; while the first 100,

accounted for 81 % and 94 % of the same funds respectively. There is little
doubt, therefore, about who was benefiting most within the sphere of industry.
As in the past, the interests of corporate capital had found clear expression in
the reconstitution of the wartime social constituency of the US's R&D system.

The Korean War ended in July 1953 but the social complex of power

spurred by war remained in strength, as it is possible to see from the high
levels of military expenditure long after the end of the war. Certainly, the
Cold War provided the necessary long-term military pressure for this to happen.
But another important force was also working to reinforce developments in this
direction. This was the economic perception that high government and military

expenditures were a powerful means to stimulate the US economy. It is the
latter which makes Reppy (1983) to state that the surge of military spending

during the Korean War, "was only partially related to the war itself"
(Reppy,p.22).

According to Chomsky (1980), the "corporate managers who flocked to

Washington to run the wartime economy learned the lesson that Germany and

Japan had discovered without the benefit of Keynes. Government induced

production of armaments, on a massive scale, can -temporarily- overcome the
crisis of capitalist institutions" ( Chomsky,p.7). In fact, the Second World War
had rescued the US economy from the severe depressive levels of the 1930s and

brought unemployment down sharply from 17.2 % of the labour force to 1.2 %
in 1944 (Baran and Sweezy,1975) (38). Later, however, with the general
demobilization which followed the end of the war and reached its peak in
1947-48, government and military expenditures had decreased considerably (39)

(37) For these and the data that follow, see NSF (1971).
(38) "The other side of the coin was an increase of government spending from $17.5 billion
to a maximum of $103.1 billion in 1944" (Baran and Sweezy,1975,p.l62).
(39) In 1948, Government expenditures had fallen to about one-third of its 1944 level while
military expenditures had fallen to about 15 %. See U.S. Department of Commerce (1965).
Table 342. The impact of these reductions on that industry heavily committed to wartime
needs was enormous. Observe, for instance, what happened in the US aircraft industry. "By
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with the result that "the slack in the economy again appeared, bringing with it

unemployment and declining economic activity" (Tirman,1984,p.6). It seemed
clear, therefore, that a policy of high government and military expenditures was

the right answer to the postwar economic problems of the US. As we have

already seen, the Cold War and the Korean War provided the opportunity for
the implementation of such a policy, thus initiating what is generally

acknowledged as a long period of unprecedented US economic prosperity which
was to protract itself until roughly the mid-sixties.

From the early-1950s, therefore, economic and politico-military concerns

came to reinforce each other into a dynamic that provided a solid a long-term
basis for the consolidation of the social complex of power intermingling the
interests of corporate capital, government, the military and science. Indeed,
fueled by international political and military presures (e.g., the Sputnik

challenge, the Cuban missile crisis and the Vietnam war) and their associated

technological race, government, military and R&D expenditures increased

markedly for more than a decade and a half (40), until the late-1960s, when
the effects of the renewed competition from Europe and Japan (41), the Vietnam

the end of 1945 contracts amounting to well over $21 billion had been cancelled, and
sixteen airframe plants remained in operation out of 66 that had been functioning a year
earlier. It was unquestionably a difficult time; between 1944 and 1947 the industry's sales
dropped by over 90 %, with corresponding effects on earnings and employment"
(Rae,1968,p.l73).
(40) In Birr's words, "...The imperatives of the Cold War in the 1950s and the race for
national supremacy in space in the 1960s served to stimulate the demand for R&D
activities in the post-World War II era" (Birr, 1979,p.202). Let us also remind ourselves that
it was in 1961 when the then President Eisenhower warned the US about the political
danger of the growing military-industrial complex. "This conjunction of an immense military
establishment and a large arms industry is new in the American experience...In the councils
of government one must guard against the acquisition of unwarranted influence by the MIC.
The potential for the disastrous use of misplaced power exists and will persist... Akin to,
and largely responsible for this has been the technological revolution. The prospect of
domination of the nation's scholars by Federal employment, project allocation and the power
of money is ever present but there is an equal and opposite danger that public policy could
itself become the captive of a scientific-technological elite" (Quoted by Pavitt and
Worboys,1977,p.27).
(41) It should be pointed out that after the war the pressures of international economic
competition were minimal since the destruction of Europe and Japan had effectively left the
US as the unchallenged economic power within the capitalist world. In particular, the
country's had been considerable strengthened by the wartime government support and by the
immigration of many leading European scientists during the thirties and forties
(Norman,1979). As Vigier (1980) describes, "...The War which came to an end in 1945 was

historically unique, in that, when peace finally came, nearly all the antagonists were broken
and exhausted. The United States was the only exception. Its strength had more than
doubled" (Vigier,p.l50). After the war, this situation manifested itself most clearly in the
spread of US transnational enterprises through the world capitalist system. In effect, the
"..American economy, tuned up to wartime pitch of production, was looking about with
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War and the outset of an economic crisis began to shake the stability of the

arrangement found in the early-fifties.

Table 3.5 illustrates this process in relation to total government and
defence outlays in the US. As we can see, from 1950 to 1968, both went up in
real terms: government outlays by approximately 240 % and defense outlays by
about 330 %. Simultaneously, defense diminished its share of government outlays
from a high of 58,1 % in 1955 to 44.2 % in 1968. The latter, however,
reflected no major change in the relative weight of the military in the R&D

system, but rather the change in technological emphasis demanded by the Cold
War and the opening of the space race with the launching of the Sputnik by
the Soviet Union in 1957. Considering the military implications of space

technology, the Sputnik event was perceived and portrayed as a major threat to

US national security (42). Space activities were thus accorded high priority
with a consequent transfer of resources from the Department of Defense (DoD)
to the National Aeronautics and Space Administration (NASA). Tables 3.1 and
3.2 confirm this effect, by showing the variation in the defense and space R &
D expenditures within the period 1955-1965. Table 3.2, in particular, shows
that within the Federal funds for R & D, defense and space together kept and
almost constant share of 85 %. Thus, what was lost by defense was gained by

space in a symmetrical relation clearly demonstrating that at least for a time
the emphasis of the technological race nurtured by the Cold War had shifted
towards space (43).
On the other hand, given the low level of Federal financial support for R&D

trepidation for ways of managing the transition to a peacetime economy" (Vernon,1971,p.91).
On the other hand, the "...world was crying out for American goods, and dependent on
American financial aid...[thus A.M.]...Although Europe began to recover very quickly, U.S.
companies continued to enjoy immense advantages until at least the early 1960s."
(Tugendhat, 1981,p.48). As a result, between 1950 and 1969, direct foreign investment by
US firms expanded at a rate of about 10 % per annum, a fact which was explained,
partially, by the rapid growth of Europe and Japan as well as by the slow relative growth
of the US market (Hyman,1979). "In 1964, among the 100 largest companies of the
capitalist world, 65 were American, 5 Japanese, 11 British and only 19 from the Common
Market countries" (Mandel,1979,p,15l). Overall, by the early 1950s, the US with only 6 %
of the world's population was using 60 % of the world's mineral resources as well as

producing 70 % of the Western world's production [Fitt(l980), Vigier(l980)].
(42) "The launching in 1957 of the Soviet Sputnik satellite sent shock waves through the
U.S. government, for it suggested that the Soviet Union had pulled ahead in a key area of
science and technology that had obvious military implications" (Norman,1981,p.77).
(43) Of course, not all space R&D activities had direct military purposes. The race to the
Moon, for instance, was primarily a goal for purposes of international politics and to a
lesser extent scientific research. The technological advances behind the race, however, had,
like the Sputnik, clear military implications. In all, it is estimated that about 40 % to 50 %
of the NASA activities are directly for military purposes [OECD(l967), Pappademos(1985)].
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with primarily civilian application -15 9o for the period 1955-65- it seems clear
that the latter could hardly be reduced any more during peacetime.

As in the past, industrial interests, particularly, big corporate capital related
to the military sector, benefited greatly from the enormous injection of Federal
funds for military-space purposes (44). As we shall see later on, this was the

period which saw the birth of the semiconductor-based electronics industry, and
whose historical details have led Noble (1984) to suggest that the "modern
electronics industry...was largely a military creation" (Noble,p.7). Overall,
industrial R&D expenditures went up by about 400 % between 1953 and
1965, with the Federal contribution to these expenditures increasing steadily to

reach 58 9b in 1960 before falling to 55 % in 1965. This plainly suggests how

important the role of the government and the military-space sector was for the

development of industrial R&D during those years. Corporate capital's own

contribution, however, should not be underestimated, since its increase was also

quite remarkable: almost 300 % for the period 1953-1965. As we shall see

below, the latter contribution was to become dominant by the late-sixties as the

heavy Federal contribution began to weaken while industry's commitment
remained strong.

By the late-1960s, the stability of the US hegemony within the world
capitalist system and hence, of the order which had grown out of the Second
World War, was showing signs of exhaustion. First, economic indicators began to

show a deterioration in US economic performance (45) and, most importantly,
tendencies towards a long-term economic decline vis-a-vis Japan and Europe,

chiefly West Germany, began to be felt. These tendencies, which became
for alarm after the 1973-oil shock sent the capitalist world into its deepest

(44) According to Reppy (1983), the postwar interlocking of military and industrial interests
was the result of both a political choice and a technological necessity. In the latter respect,
she identifies "the significant increase in the rate of technological change in weapons and
associated systems during and after World War II" (Reppy, p.23) as a major cause. In-house
military facilities were perceived as not well suited to cope with the technological demands
of rapidly advancing weapons systems. Thus, "...Technology and a political preference for
private enterprise combined to shift resources from the in-house establishment to outside
contractors... currently government arsenals still retain a significant role in the production
of munitions. Overall, 70 percent of DoD's programme for research and development is now

performed by private industry, and the figure for procurement approaches 100 percent"
(Reppy,p.23).
(45) "The United States began experiencing both inflation and balance-of-payments problems,
and there is evidence of deceleration of productivity growth at about that time"
(Nelson,1979,p.50).
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recession since the 1930s (46), showed, among other aspects, that the US's share
of the Western world's production fell from 70 % to less than 50 % since 1950

(taking into account the share of US transnational abroad it would still be
about 60 %) (Fitt,1980) (47). Also, the US share of the world market for

manufactured products fell from 23 % percent in 1960 to 18 % in 1976.
Meanwhile, the Japanese share increased from 6 % to 15 %. In terms of

productivity, although in 1978 the US still had the highest within the capitalist
world, by the early 1980s it had been overcome by both Germany and France
with Italy and Japan close behind and, even worse, its rate of productivity

growth has declined steadily. It has dropped from an average of 2.3 % for
1950-60 and 2.1 % for 1960-70 to only 1.2 % for 1977-83. Whereas Japan and

Germany had had productivity growth averages of 9.7 % and 4.6 % for 1960-70
and 3.9 % and 2.4 % for 1977-83 respectively. Other aspects show that the rate

of productive investment was also higher in Japan and Germany than in the US.
Between 1967 and 1971, it was only 7 % in the latter country compared with
31.3 % in Japan and 11.8 % in Germany. In addition, the US trade balance,
which had first shown a deficit in 1958, began a considerable deterioration by
the late 1960s. It reached $6,400 in 1972, and it jumped to $69.4 billion in
1982, with Japan accounting for 21 billion. U.S. transnational corporations
could not escape the general effect of the relative decline. The US's share of
direct foreign investment worldwide dropped from 53.8 % in 1967 to 47.6 % in
1976. At the same time, Japan and West Germany increased their share from
1.4 to 6.7 percent and from 2.8 to 6.9 percent respectively. By all appearances,

as Norman (1981) put it, "...the United States has seen its dominant position

greatly eroded" (Norman,p.49).

The reasons for the relative decline of the US hegemony are various and
some of them we have already seen in Chapter I in dealing with the views of
the 'exogenous writers'. Perhaps the most compelling point is that the US

hegemony of the fifties and sixties was simply the result of the temporary

elimination of competition caused by the war. In Norman's words, "...The U.S.

(46) Between 1974 and the early 1980s, the situation of the US economy has been described
its follows: "...the nation's economic performance reached several post-Depression records for
unemployment, business failures, inflation, high interests rates, idle capacity, and just about
every other category of significance." (Tirman, 1984,p.14).
(47) For these and other data given below in relation to the relative decline of the US
economy, see Bueche (1979), Norman (1981), Fitt (1980), U.S. Department of Commerce
(1983), Tirman (1984), Thurow (1985). For various tables showing, through different
economic indicators the post-World War II US economic performance in relation to that of
other developed countries, see Niosi and Faucher (1985).
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technological dominance was somewhat artificial, and it was bound to erode

following the successful rehabilitation of the war-torn economies of Europe and

Japan " (Norman,1978,p.l4). The other relevant event, particularly because of its

impact on the social constituency of the R&D system, was the Vietnam War.
As we can see from figure 3.2, this war brought about an increase in the level
of defense procurement as large as that of the Korean War. This time, however,
the conditions were not the same as those of the early 1950s, and with Japan
and Europe greatly recovered from the effects of World War II, its impact was

rather adverse (48) not the least because the adventure turned into a sour

defeat. Thus, while the US was stretched worldwide militarily, Japan and

Europe, chiefly West Germany, relieved of a large burden of military

expenditures by the presence of U.S. troops, began to assert themselves on the
economic front (Vigier,1980).

As the war came to a close, the massive protest movement against it (49)
and the inevitable confusion and questioning which followed defeat was to have
a powerful impact on the R&D system and the social constituency which had
controlled its development thus far (50). It was to be a new period marked by
the emergence of "a new set of demands and values" which effectively
constituted "a reaction against the forces that had shaped technological

development during the postwar years" (Norman,1981,p.56). It was in the words
of Dickson (1984), a "critique of the social consequences of unfettered

technological development, ranging from the environmental damage caused by the
side-effects of modern science-based production processes to the use of

sophisticated electronics in the war in Vietnam" (Dickson,p.30) (51).

(48) Among the negative consequences, it has been argued that "the recurrent price inflation
experienced in the 1970s was the result of the precipitous rise in military spending during
the Vietnam War. President Johnson was unwilling to raise taxes to pay for the Indochina
conflict, and the economic consequences were harsh" (Tirman, 1984a,pp.ix-x).
(49) "During the 1960s, a popular movement to end the war achieved a quite unprecedented
scale. The resistance of American youth to the war against Vietnam -and Laos and
Cambodia- has no parallel..." (Chomsky,1980,p,9).
(50) "The long campaign in Indochina had employed a dazzling array of technologies in
support of the American cause. Although the entire arsenal was not exhausted...the sheer
quantities and varieties of hardware used (and lost) in Southeast Asia brought home the
military increasing dependence on technology. As the nation's first "television war", Vietnam
also displayed this employment of gadgetry to its large living room audience. Moreover,
since the U.S. expedition in Indochina was a failure, the pervasive use of technology was all
the more intriguing" (Tirman,1984,p,14).
(51) Among the most conspicuous new attitudes and demands were "rising concern about
environmental degradation, growing alienation of workers stuck in boring, mindless jobs, a
shift in aggregate demand away from material goods toward services, and increasing calls for
the regulation of food, drugs, chemicals in the workplace, and other threats to health. Even
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The impact of the increased concern for social responsibility in the

development of science and technology was soon to be reflected in the control
and allocation of the basic resources of the R&D system and, ultimately, in
the overall position of its dominant social constituency of the postwar as well
as in the relative weight of each one of its components. In effect, examining
table 3.1, it is possible to see that the first impact was a stagnation of R & D
expenditures in real terms from the late 1960s to the mid-1970s. This fact is
also clearly illustrated in figure 3.1. As a result, R&D expenditure as a

percentage of GNP dropped from a high of 2.9 % in the mid-1960s to a low of
2.3 % in the mid-1970s. In parallel, from table 3.1, we also see that the total
Federal contribution as a percentage of total R&D outlays began a process of
decline which by 1980 was still continuing. An important part of such a drop
is accounted by the decline in the Federal defense and space expenditure which
fell from its high of 85 % of the total Federal funding for R & D in the early
1960s to a low of 60 % by 1980 (see table 3.2). The other explanatory factor
was that non-Federal outlays, particularly industry's, did in fact increase during
the same period, thus reinforcing the relative drop in the share of the Federal
contribution. Table 3.3 shows how, between 1956 and 1975, industry's funding
of R & D went up in real terms while government's was coming down. The
same table also shows that such a rise of industry as a source of funds was

just enough to prevent a fall in R & D performance in real terms. This is the
reason why, for most of the decade (1965-75), R&D expenditure in industry
remained mainly stagnant.

During the 1965-75 period, therefore, we see that a definite alteration took

place within the social complex of power dominating the development of the
US's R&D system since the postwar. First, as the galvanizing forces of war

and international politics lost impetus and the interests -"new set of demands
and values"- of other social forces gained strength, for the first time since the
war an effective opposition challenged the convergence of interests underlying the

power of the postwar capital-government-military- science social complex. As a

result, the relative weight of the military-space constituent vis-a-vis the other
forces and within the government weakened considerably since its heyday in the
1950s and early-1960s. Admittedly, as table 3.2 shows, the Defense share of
Federal funds for R&D remained around 50 % percent from 1965 to 1980.

economic growth itself, the very basis of industrial advancement for generations, came under
assault as the prime cause of many of the problems facing industrial society"
(Norman,1981,p.56). See also Salomon (1984).

- 172 -



And it was the space budget which suffered the brunt of the cuts, mainly, it is

argued, because the Apollo programme and the race to the Moon had come to
an end in the late-1960s. The point, however, is that, in the sociopolitical
conditions of the late 1960s, even if this was correct and the space budget had
to come down "naturally', the percentage lost by space could not go back to

defense where it had come from in the early 1960s. The pressures from the
"new set of demands and values" called for more government involvement and

support for R & D with direct social relevance. Thus, as table 3.2 shows, the

percentage of total Federal funds devoted to civilian purposes went up from 16
% in 1965 to 40 % in 1980 (52).

But the relative decline in the military's control of the basic resources of
the R&D system not only showed itself in the changes occurred in the latter's
social goals. It also showed itself in the ascendancy of industry's and hence,

corporate capital's relative weight within such a system, to the point that, by
1970, industry's share of funds for industrial R&D had reached 57 % from
45 % only 5 years before (table 3.4). Most dramatic, however, a decade later in
1980, industry's share of funds for all R & D in the US actually overtook that
of the Federal government (see table 3.3). Since this tendency has continued into
the 1980s, it means that, overall, the control of the basic resources of the US's

R&D system has shifted in favour of corporate capital, particularly, large

corporate capital from the science-based or high technology industries as they
have become commonly known. As we can see from table 3.3, in 1982, industry

provided almost 51 % of all the financial resources devoted to R & D while its

laboratories spent more than 73 % of all these resources. As we shall see below,

keeping to the historical pattern, the concentration of these resources in large
science-based industries was enormous. By all accounts, therefore, corporate

capital has become the dominant factor in the development of the US's R&D

system. Although, historically, industry had always been the main performer of
R&D, now it has also become the dominant source of funds. As we shall see

later on, this situation will have important implications for R & D in industry
and, in our particular case, R & D in the electronics industry, as the direction

(52) The political response to the new technological demands of society was epitomized in
the New Technology Opportunities Program announced by the Nixon administration. "Top
research priorities, it was announced, would include clean energy, the control of natural
disasters, transportation, emergency health care, and drug control. Symbolic of the whole
approach was Nixon's announcement of the inauguration of a ten-year "war on cancer", an
effort which, he confidently announced, would show that man was capable of using the
same scientific skills that had taken him to the moon to come up with a cure for the most
threatening of all human diseases" (Dickson,1984,pp.29-30).
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of such activity is primarily shaped by those interests who control its basic
financial, human, material and time resources.

By the second half of the 1970s, the "new set of values and demands"
emerged in the late-1960s had lost momentum. The deepening of the economic
crisis with the oil shock of 1973, plus the realization that the US economy was

in a process of decline vis-a-vis Japan and Europe so that international

competition rather than unchallenged US hegemony was to be the pattern for
the future, made the demands for greater social responsibility and accountability
in the development of science and technology historically out of place. Within
the capitalist system, it was clear that such socially-directed demands could

provide nothing like the historical galvanizing force of war and international
competition, either politico-military or economic competition. As happened, the

years of socially-directed demands were those of stagnation in the development
of the R&D system and as soon as the spectre of the Vietnam defeat began
to slip into the background in the face of the economic crisis, the very old

galvanizing forces of war and international competition began to reassert

themselves and, with them, their propounders and beneficiaries, the same

dominant social interests who had seen their postwar alliance losing strength

only a few years ago. As Dickson (1984) has put it,

"The postwar period saw decision-making over the allocation of funds
for science largely dominated by scientific, corporate and military
elites...In the late 1960s and early 1970s, the domination of these
three groups was challenged...Now, waving the banner of social
efficiency and international competition, with the direct encouragement
of Washington, these three elites are reestablishing their alliance...
Industrial leaders argue that only scientific and technological supremacy
over the rest of the world will allow the country top prosper
economically. Military leaders claim that only a rapidly increasing
military research budget, feeding directly into ever more sophisticated
weapons of mass destruction, will ensure a stable peace. Politicians
have picked up and faithfully amplified both refrains" (Dickson,pp.
18 and 3).

By the early 1980s, there was already clear evidence that the convergence

of social interests which has dominated postwar developments in the US was

back in strength. A combination of military and economic pressures which, as

we shall see below may turn out to have contradictory effects on the

development of the US's R&D system, had recreated the favourable

galvanizing forces for its reproduction and further expansion.
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Thus, on the military side, since 1980 a huge process of rearming has been
under way in the name of the US and her NATO allies' security. It has been

argued that, during the 1970s, the US military capability dangerously
deteriorated relative to the Soviet Union and this was destabilizing for a world

peace based on the balance of deterrence. In addition, the fears about Soviet

aggression and expansionism were fueled by the latter's invasion in Afghanistan
in December 1979 and the military coup in Poland in 1982. As a result, the

military galvanizing force was soon in operation manifesting itself most clearly
were it matters most, namely, in the increment of the basic resources under the
control of the military. In effect, military expenditure in real terms has
increased markedly since 1980 (see table 3.5) and, according to SIPRI analysts,

given the projections of the own US administration "by 1988 the U.S. military
expenditure would have doubled its volume in the course of one decade"
(SIPRI,1985,p.270) (53). In relation to the R&D system the relative weight of
the military is increasing again, particularly, as a proportion of Federal
expenditures. Table 3.1 shows an increase of 5 % in the defense's share of total
R&D expenditures for the years 1980-83 and a similar fall in civilian
pursuits. Whereas table 3.2 shows an estimated increase of 23 % in the defense's
share of Federal funds for R&D for the period 1980-85, with a drop of 15 %
and 7 % for civilian and space pursuits respectively. In this context, the
invasion of Grenada in 1983 provided the touch of action and renewed sense of

global power which has come together with the militaristic mood of the eighties.

On the other hand, on the economic front, the efforts have concentrated on

the revitalization of the US technological and industrial base as a means of

strengthening the nation's competitive muscle in the world markets and,

ultimately, to counteract the trend towards a relative decline in the US
economic performance vis-a-vis Japan and Europe. In this respect, we have

already seen the details and reasons for the relative decline of the postwar

hegemony of the US so much associated with the prosperous times of the fifties
and sixties. In the eighties, however, it is clear that the search for such

prosperity is taking place in a completely different arena. The presence of

strong industrial competitors in the world markets has all but eliminated the

unchallenged freedom of the 1950s and 1960s and it has been left to US
corporate capital to respond to the technological challenge imposed by
international competition and, more broadly, by the process of capital
accumulation as a whole (54). Table 3.3 shows that R & D in industry has
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clearly taken up again and it has been doing so since the late 1970s, after the
period of stagnation 1965-75 (55). In addition, in terms of performance,
industry has kept its share of the increased total funds for R & D to around
75 %, while, as a source of funds for industrial R & D, its share has remained

around 68 % (see table 3.4). As expected, large corporate capital has taken the
lion's share of the renewed drive for R&D with the first 100 companies in
terms of size of R & D programme accounting for 80 % of the total funds for
industrial R & D in 1982. Of these the first 4 alone accounted for 20 %. With

regard to the Federal funds for industrial R&D, the concentration is even

greater with the first 100 companies accounting for a share of 95 % and the
first 4 companies 20 % of these funds in 1982 (NSF.1984). And to complete the
historical pattern of the US's R&D system, it has been in the science-based
industries where most of the funds have been spent. Again, in 1982, the
chemical, machinery (including computers), electrical and aircraft and missiles
industries accounted for almost 70 % of the total funds and almost 85 % of the

Federal funds for industrial R&D. The latter two industries alone accounted

for 44 % and 77 % of the total funds and Federal funds respectively. And,

reflecting the military drive, the share for the aircraft and missiles industry
reached 53 % in 1982 (NSF.1984).

At a first glance, therefore, it would seem that the postwar social complex
of power, having reencountered favourable economic and politico-military

galvanizing forces, has once again achieved a convergence of overriding interests
which, like in the fifties, might lead to both economic and military strength

simultaneously. The government is providing large financial resources, the

military is channelling most of them towards the corporations and scientific
centres in their demand for sophisticated and expensive weapons systems and,

industry is benefiting from it, while, at the same time, benefiting the other
constituents in its own effort to increase productivity and enhance the

competitive strength of US capital (56). It would seem, therefore, that a sort

(53) See also data given in note 27 above.
(54) Let us remember from Chapter I that the historic fall in the rate of profit which has
characterized the crises of the mode of capital accumulation since the late-1960s has not just
been associated with increased international competition but, also, saturating markets for the
growth industries of the 1950s and 1960s and increased costs of labour and energy. Hence,
the current technological and industrial challenge, although focused on international economic
competition, relates also to the opening and expansion of markets and the search for
productivity increases to counteract the effects of the costs and the power of labour.
(55) Battelle-Colombus (1984) shows that, in real terms, R&D expenditure performed by
industry began to rise in 1977 and has grown swiftly since to an estimated increase of 55
% by 1985.
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of virtuous circle of self-reinforcing interests, galvanized and driven by military
and competitive pressures, has been found which may restore the US to its

hegemonic position of the 1950s.

On closer examination, however, the situation reveals itself of greater

complexity, as it seems that military and competitive pressures tend in fact to

have contradictory effects upon the development of the R&D system. After
World War II, there was no international competition. Thus, the military and
international political galvanizing force reigned supreme in shaping the

development of the R&D system. It was also the time when the relative

weight of the military social constituent of this system achieved its peak. In
contrast, nowadays, not only corporate capital has the greatest relative weight
within the social constituency but, most importantly, the presence of Japan and

Europe and even the NICs in the world markets, is making it increasingly
difficult to conciliate the enormous demands of the military upon the R&D

system without sacrificing resources for the success in the commercial battle. The

problem is that both the military and the commercial strengthening of the US
has now come to depend on the resources of the R&D system, as the key to

both goals is seen in the use of science-based or high-technology. The military's
claim on the R&D system is to make weapons smarter and more deadly thus

counteracting any quantitative advantage of the Warsaw Pact forces. The US
has a definitive lead over the Soviet Union in the high-technology fields relevant
to military applications (57) and the government and the military want to see

it widening and, above all, translated into military advantage [Perry and
Williams(l982), Marshall(l98l)]. On the other hand, the economic interests'

claim on the R&D system is deeply rooted in the US economic performance
which clearly suggests that the most dynamic industrial sectors are those related
to high-technology. Figure 3.3 illustrates, for example, the difference in the
evolution of productivity between the US semiconductor industry and

productivity in the manufacturing sector and in the US economy as a whole.
More generally, as Staat (1979) has put it,

"When high- and low-technology industries are compared, high
technology firms have productivity rates twice as high, real growth

(56) In practice, all this dynamic has manifested itself most clearly in the great importance
attached by all parties to what is known as the government-industry-university linkages. On
this topic, we shall dwell in detail below, in relation to the development of
microtechnology.
(57) According to Smith (1983) in nineteen out of twenty leading military technologies the
US is ahead of the Soviet Union.
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Source.- ¥. Pinem (1981), p.26.
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rates three times as great, one sixth of the annual price increases, and
nine times the employment growth. The same kind of favourable ratio
prevails in terms of international trade. The trade balance for R &
D-intensive manufactured products has been generally rising through
the period 1960-1976, and is now more than $28 billion. The trade
balance for non-R & D-intensive products is down from a break-even
level in 1960 to a 16 billion deficit." (Staat,p.l36) (58).

As we can see, therefore, both the economic and military objectives have a

legitimate claim to the basic resources of the R&D system. However, to the

extent that the products, associated demands and end-users are different for both
cases (59), they seem to lead not to a unified and coherent path of development,
even when financial resources are being poured into similar technological areas,

but to separate paths where the main interconnection is left to the eventual

'spin-offs' from one side to the other. In this respect, looking at the past

experience, there is little doubt that in the current military drive spin-offs will
effectively take place. The big question mark, however, is not whether this will

happen but, given both the large demands of the military upon the US's R&D

system and the presence of strong commercial competitors whose military
concerns are considerably less than the US's (60), whether the spin-offs
mechanism coupled with industry's own commercial R&D will be sufficient to

enable the US economy to effectively stave off the growing challenge in the
international markets. Undoubtedly, it is too early to say (61), but there is

suggestive evidence that this may turn out to be a rather difficult undertaking.
In effect, a number of scholars have focused their attention on the impact of

high military expenditures on the economic performance of the US and have put

forward what may be seen as a technoeconomic critique of the militaristic

approach and its associated spin-offs theory.

Most typically, the economic critique suggests the existence of a correlation
between the US's relative economic decline vis-a-vis Japan and Europe and the

high relative weight of the military in the development of the country's R&D

system and technological base at large. This is argued at both quantitative and

qualitative levels. At the former level, comparisons are made between the US's

military burden and economic performance and those of Japan and Europe,
notably W. Germany, showing a negative correlation between high military

(58) For figures showing the trade-balance performance of high- and low-technology
industries since 1960, see NSB (1981).
(59) For a discussion concerning the differences in the civilian and military sectors demands,
see Tirman (1984), Gansler (1980) and Kaldor (1985), Melman (1986).
(60) During the three decades comprised between 1950 and 1979, the US has spent an

average of 8.4 % of her GDP in defense. In contrast, Japan and W. Germany have spent
and average of 0.9 % and 4 % of their respective GDPs during the same years (U.S.
Department of Commerce,1983).
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control of basic resources and economic performance. For instance, Japan, having
had the smallest military budget in percentage of GNP, has also had the highest

growth rate among developed countries. Whereas the US, with the highest
military budget as percentage of GNP, has achieved only moderate growth rates

[OECD(197l), Niosi and Faucher(1985)]. In the period 1961-1975, Japan and W.

Germany spent on defense and space 4 % and 20 % of their respective overall
government R&D budgets, compared with US's 70 % average for the same

period (Dumas,1984). Likewise, the US and the UK, being at the top of the list
in military-related R&D expenditures among capitalist powers, are at the
bottom in productivity growth [De Grasse(l984), Barnaby(l98l), U.S.
Department of Commerce(1983)]. Finally, it is also argued that the rate of
innovation has also shifted against the US, chiefly in favour of Japan and W.
Germany as shown by the decline of the US's share of patenting both at home
and abroad (62) The conclusion is that in the US the technological brain drain

generated by the military sector has gradually led to the relative technological
decline of the civilian sector and hence, to a decline in the country's relative
economic performance. For Niosi and Faucher (1985), who have also examined
the plausibility of other explanations to the US economic decline, this is the one

that seems "to fit the facts better". At the qualitative level, the technoeconomic

critique raises various points which, ultimately, would explain the US's poor

quantitative economic performance. The most crucial concerns the growing

inappropriateness of the military technology to civilian applications and thus, the
difficulties affecting the transfer of technology from one sector to the other
which, ultimately, would lead to the distortion of the US's civilian technological
base given the high military demands upon its basic resources. In particular, the

inappropriateness of the military technology relates to the so-called process of
"technological overdevelopment" affecting military technology as a result of the

exacting performance criteria imposed by the military. This view accepts that

spin-offs can be created at the very early stage of development of a technology
but the more the latter matures the less possible spin-offs become as military

specialization takes it farther and farther away from commercial applications. In

(61) As Schnee (1978) has put it, "...we should not expect the technological impacts of
public programs to produce economic returns in the short run. The process of converting a
significant technological advance into new products or processes is complex and time
consuming" (Schnee,p.2l).
(62) According to Rosenberg (1983), "...It is doubtful that such data constitute good evidence
of the changing relative pace of technological progress. It is more plausible to argue that the
rising percentage of patents in the United States obtained by foreigners has been dominated
by commercial judgements and considerations such as changes in the size of specific markets,
in the composition of demand, in relative prices, and so on. They do not necessarily indicate
changing technological capabilities " (Rosenberg,p.282). There is evidence in the electronics
industry to support Rosenberg's contention. Thus, Shapley (1978) reported that in some key
areas of electronics, "... Americans have remained inventive, but they have been using the
patent system less and less as a method of protecting their work" (Shapley,p.848).
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addition, this view suggest that overdevelopment is associated with economic
concentration in the military industry (63) and hence, it tends to inhibit
innovation and efficiency (Tirman,1984). Spin-offs are also affected by the lack
of transfer of technology from the military to the commercial sector due to the
basic differences between the commercial and military environments: there is
little sensitivity to price in the military arena while cost is the central concern

of the commercial customer (Melman,1986). In addition, there is a conflict

between the military custom-made requirements and the civilian need for
standardization (De Grasse,1984) (63a). To these, it is further added that, on

the whole, secrecy, concerns for national security and lack of incentive to

actually transfer technology from defense to civilian sector have all contributed
to diminish the possibility of spin-offs (Tirman,1984). Ultimately, all these
factors are at the core of the contention that the high military control of the
US basic resources for science and technology actually leads to a distortion of
the civilian technical base. Indeed, if we consider that the military is controlling
not only about 70 % of the Federal budget for R&D but that, in practical
terms, this means, by conservative estimates, the control of approximately 30 %
of the R&D effort administered by universities and colleges, 30 % of
industrial R&D activity and the talents of a third or more of the nation's
pool of scientists and engineers [Dumas(1984,1986),Melman(l986)] then it is clear
that the drain of all these resources away from civilian possibilities and into a

military realm is bound to affect the development of the civilian technical base
vis-a-vis strong competitors where the military weight is substantially smaller.
As Botkin et al (1982) have put it in the context of the Reagan administration,
"... International competition and Reaganomics have caught the high tech

industry -and with it the American economy- in a squeeze play. While Japan

challenges our technological leadership, burgeoning defense programs soak up

engineering skills critical to continued American innovation" (Botkin et al,p.2)
(64).

(63) For a recent analysis of the US defense industry, see Adams (1982). See also Gansler
(1980).
(63a) It should be pointed out that although in the field of microelectronics the military
have not favoured standardization, this does not mean that they are in principle opposed to
it. Indeed, the highly regimented nature of military organization often works in the direction
of standardization, for instance, in such technologies as uniforms, rifles and combat gears [see
Mumford(l967),Smith(l985)]. Thus, it may be suggested that the military will tend to
promote standardization in those areas where the technological frontier is moving slowly and
their demands are massive, while in those areas such as microelectronics where the frontier
is moving constantly and rapidly they will tend to promote the latest device for the specific
needs they wish to satisfy.
(64) It is interesting to note that the spin-offs argument has also been criticized from a
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Undoubtedly, the arguments we have just exposed will dominate the

development of the US's R&D system for years to come. The final word,
however, belong to history. For our purposes, what is most relevant of the

postwar process discussed above is that it constitute the sociohistorical
framework which has shaped the development process of microtechnology in the
US and. which, for the same reason, holds the key to the understanding of the
social nature of the US's indigenous microelectronics capability. In the following,
we shall see that, step by step, the development of microtechnology has been

inextricably related to the social forces and issues we have encountered above.

political and moral point of view. Kulish (1976), for instance, sees it as part of the
ideological arsenal which "justify the arms race and glorify war as a necessary evil which
makes it possible to consolidate good" (Kulish,p.55). Also, Thee (1981) has argued that "if
the tremendous resources wasted on military R and D could be channelled into peaceful
applications, the accrued benefit to humanity would be equivalent to thousands of spin-offs
from military technology" (Thee,p,57). Finally, given the essentially non-democratic nature of
the military, Dumas (1984) has warned against the possibility of democracy being corrupted
via technology transfer. To the extent that technologies that originated in service of the
military bear the inherent values of that system, care must be taken when applying such
technologies in the civilian sphere to avoid the subtle corruption of those very ideals central
to democratic society as a whole" (Dumas,pp.145-46).
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3.4. The Social Constituency of the US's IMC: The Social Nature
of the Historical Development of Microtechnology in the US

The process of development of microtechnology has been determined, on the
one hand, by the very nature of the technology involved, particularly, the

process of convergence we have analyzed in Chapter II, and, on the other, by
the process of convergence of social interests expressing themselves through and

shaping the development of the technology. It is the latter process which
constitute our concern here.

Briefly, the gist of the argument we shall strive to substantiate in the

present section is that microtechnology represents a particular case of the process

we have discussed in relation to the R&D system. In other words, that the

post-World War II capital-government-military-science complex of social interests
has effectively been the social constituency behind the development of

microtechnology in the US, with the result that this development has by and

large mirrorred the convergence of interests, tensions and relative weight of the
constituents under changing historical circumstances.

As we shall see below, the entire postwar history of microtechnology
illustrates its character as focus for the systemic convergence of interests of the

postwar social complex. However, at no time this convergence of interests
achieved a clearer expression than during the period of the microtechnology's
infancy, following the invention of the transistor and the subsequent search for
miniaturization leading to the IC. As we saw in Chapter II this was the period
that witnessed the beginning of the convergence of signal systems on the basis
of semiconductor-switching techniques and, as we shall now see, it is the period
which, primarily under the galvanizing force of war, also saw the consolidation
of both the social constituency of microtechnology and, more specifically, modern
electronics industry geared to the profit-making production of microtechnology
for a commercial outlet. Let us now see how the historical conditions of the

time informed the role of the social constituents in shaping the development of

microtechnology and the industry as a whole.

The germane role or major relative weight of the military in the early
social constituency of microtechnology has been the theme of such works as

Noble (1984). Admittedly, it was not the military alone. It was the entire social

complex of power who as a systemic interlocking of interests in control of the
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basic resources of microtechnology actually created the modern electronics

industry, but it was the military who played much of the leading role in

shaping the development of the technology in a process which started with
World War II.

In effect, we have already seen in the previous section how World War II

galvanized the wartime social constituency of the US's R&D system as a

result of the great scientific and technological efforts demanded by the large-scale

military enterprise. One of the great beneficiaries of these efforts was to be
electronics technology as major programmes were carried out in many areas

concerning signal systems. As Electronics, (1980) put it, "...the exigencies of
World War II transformed electronic technology...Out of the conflagration were

born computers, miniaturization, radar, loran, and guided missiles" ( Electronics,
p.151). The radar programme in particular was a huge undertaking estimated to
have costed $2.5 billion as against $2 billion for the Manhattan Project. This
project more than any other during the war epitomized the emergence of the
wartime social constituency of microtechnology. Stimulated by the wan and the

huge financial resources made available by the government and the military,

major R&D centers such as Bell Labs and the MIT Radiation Laboratory as

well as industry become heavily involved in radar work. Thus, at one time,
one-fifth of all the US's physicists worked on radar development at the
Radiation Laboratory while such large corporate establishments as the Bell
System and Westinghouse also advanced its development and implemented its
production [ (1980), Brooks(l976), Noble(1984)] (65). In radar, therefore,

government, the military, science and corporate capital clearly converged into a

systemic interaction galvanized by war, and which not only satisfied the
common interest of winning the war but also the particular interests of each
one of them. Industry, for instance, received financial resources for R & D
work which ultimately would strengthen its technical capability while the

manufacturing contracts provided a secure market for its production (66).

(65) According to Brooks (1976), the greatest contribution of Bell Labs to victory was in
the field of radar, where the system shared the leadership with the MIT's Radiation
Laboratory. Before the war was over, the system "had produced, from Bell Labs designs,
57,000 radar units of seventy different types for airborne, ground, and naval use,

constituting about half of all U.S. radar manufactured" (Brooks,p.21l). In addition, the total
absorption of the Bell system into the war effort was enormous. Thus, Western Electric, its
manufacturing arm, was converted about 54 % to war work in 1942 and later by 1944 the
figure reached a peak of 85 %. On the research front, Bell's commitment to military work
was complete. "...Beginning in 1942, virtually all the Labs' six thousand people were engaged
in such a work" (ibid.,p.210).
(66) At the same time, the government made sure that labour costs would be kept from
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Likewise, science saw its financial resources and facilities to undergo a

considerable expansion with the creation of such new centers as the MIT's
Radiation Laboratory and the Radio Research Laboratory at Harvard University.

Finally, the government and the military saw the military power and also, as

we saw in the previous section, the economy thriving up in fulfillment of the
US's role in politico-military and economic affairs both nationally and

internationally.

As a whole, the expansion of the electronics industry during the war was

decisive and established it as a permanent economic factor in the US economy

and technical base. According to Electronics ( 1980), it expanded "to more than
12 times its monthly prewar net factory filling value on end equipments and
from over 2 to 20 or 30 times on the major components. The expansion of
labor employment was from a prewar peak of approximately 110,000 workers
to a war peak of 560,000"( Electronics, p.158). Most importantly, however, were

the qualitative advances which set the foundations for the development of the

huge present-day electronics industry. In effect, during the war, important
advances took place in components, miniaturization techniques, computers and
control systems. Electronic valves were improved in their performance
characteristics and, most significantly for the postwar development of the
transistor, radar work meant the improvement and heavy use of crystal rectifiers

-notably Germanium- as mixers, video detectors and dc restorers. In turn, the

development of the proximity fuse led to the search for miniaturization

techniques which, in practice, set the stage for the integrated-circuit era (67).
Finally, the areas of computers and control systems also underwent crucial
advances. The first digital computer, ENIAC, for instance, was the result of a

military-science project aimed at solving the increasing difficulties of ballistic
calculations (68). Also during the war, various relay-operated digital computers

rising on account of the military emergency. "Throughout the war, for the labor force as a

whole, wages were frozen at 15 percent above 1941 levels...while prices rose 45 percent and
profits increased 250 percent" (Noble,1984,p.22).
(67) This project eventually came to involve one-third of the electronics industry at a cost
of approximately $1 billion. As a result, manufacturing capacity for tubes, capacitors and
resistors was increased tremendously ( Electronics, 1980).
(68) It was built by the Moore School of Electrical Engineering at the University of
Pennsylvania for the US Army. In fact, the Moore School had been working with the Army
(Ballistic Research Laboratory) on ballistic problems since the 1930s. The galvanizing force of
war only made the need for results all the more urgent. In Soma's view, "...the military
had a huge demand for computational power for the development of ballistic firing tables.
This demand was intensified by the occurrence of World War Bf (Soma, 1978,pp.l-2). One
of ENIAC's first practical uses was in the atomic-bomb project at Los Alamos Laboratory in
New Mexico. See Fleck (1973) and Electronics ( 1980).
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were designed for the Armed Forces, in which C. Stibitz of Bell Labs played a

major part (Goldstine,1972). Last, in 1944, the Harvard-IBM ASCC or Mark I,

although primarily a corporate capital-science effort (Pugh,1984), also entered
full-scale operation tackling ballistic problems for the Navy (Fleck,1973). On the
side of control systems, the efforts to develop weapon-fire control systems

rapidly advanced the technology of closed-loop or servo-systems (69). Industry
and universities were the centre of these efforts with Bell Labs and the MIT's

Servomechanism Laboratory at MIT playing the leading role. Thus, in 1943, Bell
Labs produced for the Army "the first practical antiaircraft system that was

essentially automatically controlled" (Brooks,1976,p.212). Whereas in 1944, the
MIT's Servomechanism Laboratory, alongside its work on automatic fire control,
also began to build a simulator for multiengine aircraft at the US Navy's

request (Fleck,1973).

There is little doubt, therefore, that the impact of World War II upon

electronics was quite momentous (70). In the words of one commentator, it
"had generated a wide range of components and devices, greater understanding of
electronic technology, and an army of electronics enthusiasts" (Noble,1984,p.47).
Most crucially, it had also generated a constituency of social interests, which

galvanized by the military pressures, had come to control and shape the

development of electronics technology primarily in the direction of war and

military needs. In this context, the civilian benefit had become, for the first time
on a massive scale, the technological spillover. Only the end of the war and a

decisive and long-term subsiding of the military pressures might have altered
this situation. However, this was not to happen to any lasting extent during the
next two decades.

As we saw earlier in relation to the US's R&D system, the end of the
war did bring about a sharp decline of the military weight upon the industrial
and technological base of the US. This was reflected in the development of the
electronics industry, where the government and military constituents were

rapidly displaced from their dominant role regarding the direction of the

(69) During the war, "...The speed and maneuvrability of aircraft quickly made traditional
gun-laying techniques obsolete. In order to meet the pressing military requirements,
considerable numbers of highly capable scientists went to work on the problem of designing
and constructing automatic position control, or servomechanisms, systems"
(Diebold,1952,p.l9).
(70) The progress we have described was not all that came out of the wartime years. There
were also major advances in radio, TV and instrumentation. Among other devices, the
magnetic tape was produced along with recording heads and tape recorders for sound movies
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industry. This is illustrated by table 3.6 where it is possible to see that, by
1950. the government share of the market had declined to under less than one-

fourth of the total sales by the US electronics industry. As two analysts have
commented, "...The government had naturally been the biggest purchaser during
the war, but was rapidly toppled by the post-war consumer spending spree"
(Braun and MacDonald,1978,p.78).

As we know, however, the Cold War and the Korean War were soon to

restore the strength to the wartime social complex of power. Again, table 3.6
shows the impact of this process on the development of the US electronics

industry. From 1952 onwards, it is possible to observe that, once again, the
government's share of the market had become the dominant factor. Most
importantly, this situation was to protract itself for many years and, in the

process, the technologies and the industries behind today's microrevolution were

to be clearly shaped by the convergence of interests of a social constituency
whose commanding position was to be left to the military just as we saw

earlier in relation to the R&D system as a whole. This fact is strikingly
illustrated by figure 3.4 where a broad range of advances in electronics systems,
between 1952 and 1966, is shown to have originated from an equally broad

range of military projects.

Indeed, the influence of the government-military constituents was wide-

ranging, affecting the development of all areas of signal systems. But nowhere
this influence was more important than on the development of the emerging

technologies and industries of computers, industrial control systems and, above
all, semiconductors, the technical base for the convergence of signal systems

(71).

and radios. See Electronics ( 1980) and Atherton (1984).
(71) The telecommunications industry had a long standing and corporate capital had a solid
control of it financial, human and material resources. The Bell System, for instance, was
described in 1939 as "the largest aggregation of capital ever controlled by a single company
in the history of private business enterprise" (Coon,1939,p.2). At the time, it was a five-
billion-dollar business with nearly 650,000 stockholders and annual purchases running into
hundreds of million of dollars (ibid.). A corporate organization of this size, exercising a

near-monopoly of the US huge telephone system, was clearly on a par in its interrelation
with the government and military interests. In effect, Bell had a well established
technological base of its own and although it benefited greatly from its relation to the other
constituents of the wartime social complex, it did not actually depended upon them for its
continuous development. Bell's technological commitment was primarily to telecommunications
and because of its huge resources, it could keep the control of the industry's development
while incorporating all the advances derived from its participation in the wartime social
complex. The war, for instance, had seen the Bell Labs "forged... into probably the greatest
invention factory in any field of science that the world had ever seen" (Brooks,1976,p.216).
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TotalsalesGovernment (SM)(percent)
Industrial (percent)
Consumer (percent)

Replacement components (percent)

1950

2705

24.0

13.0

55-5

7-5

1951

3313

36.0

13.6

42.3

8.1

1952

5210

59-5

95

25.0

6.0

1953

5600

57-7

10.7

25.0

6.6

»954

5620

55-2

25.0

8.3

1955

6107

54-6

12.2

24.6

8.6

1956

6715

53-5

14.2

23.8

8.5

Table3.6.-.DistributionofUSElectronicsIndustrySalesbyEnd-Use(1950-1956). Source.-E.DraunandS,MacDonald(1978),p.79,



(

19515255

65644566

Figure3.^-CommercialSpilloversfromMilitaryTechnologicalProjects Source.-J.Dlebold(1964),p.37.



It may be argued that, during the fifties and early-sixties, the shape and

technological dynamism of all the industries abovementioned was primarily the
result of the role of the military and government. Under the galvanizing forces
of war and politico-economic concerns, it was they who led the postwar social

complex of power and through their demands for microtechnology provided not

only a clear frame of reference for the activities of corporate capital and science

but, most crucially, all the necessary resources and conditions for the latter to

fulfill their own particular interests for capital and scientific-technological
accumulation respectively. In addition, during all this time, the galvanizing force
of war and politico-economic concerns and the absence of international economic

competition provided the fertile environment for the coherent operation of this
social constituency of microtechnology.

In fundamentals, the specific role of the government and the military as

regards computers, control systems and semiconductors can be described as a

multi-pronged technoeconomic approach in addition, of course, to their major

political role in reproducing the environmental conditions by keeping, for
instance, the Cold War very much at the forefront of the country's
international politics. In the technoeconomic approach, it is possible to distinguish
three main aspects having the most direct impact upon the emergence of the

microtechnology and hence, showing at its clearest the workings of the social

constituency (72). These aspects are funding of R & D work, provision of
secure markets and broad and sometimes very precise specification of technical
demands. As we shall see below, these three aspects accounted for much of the

shaping of the 1950s and early-1960s development of the computer, industrial
control and semiconductor technologies and industries, although with different
overtones in accordance with the particular characteristics of each one of them.

And after the war, the system immediately began to reap the benefits from its R & D
work. Thus, the first commercial mobile telephone service was put in operation in 1946; in
the same year, coaxial cable was used to transmit television signals; and, in 1947,
microwave radio was first used for long-distance telephony (ibid.). With the Cold War, the
Bell System again became an important participant of the wartime social complex (see
Brock.,1981) and although the military pressures certainly shaped important technological
work in the System, the effect upon the overall development of the industry was nothing
like the extent to which these pressures shaped the development of the computer and
semiconductor industries.

(72) There other aspects of a more indirect nature such as taxation, legal dispositions on

competition, and educational policy which undoubtedly have played an important part in the
global approach to the industries concerned. For our purposes, however,we need only to
select those aspects which are the most revealing.
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As regards industrial control, for instance, the origin of numerical control
(NC) and the growth of an NC machine tools industry can be clearly attributed
to a military-led social constituency exploiting the technical advances of World
War II. In effect, in 1949, the wartime experience in gunfire control systems

brought MIT's Servomechanism Laboratory to the center of an effort to develop
an NC milling machine for the US Air Force (USAF). Parsons Co., Michigan,
had originated the idea informed by the USAF's technical specifications for a

wing panel for a new combat fighter [Braverman(1974), Noble(1984)] (73). The
machine was developed at MIT and together with the USAF they undertook the
task to promote the NC technology among the established machine tool industry
(NAE/NRC.1983). But machine tool builders reacted cautiously to the prospect

of risking their own capital in the new technology. Only one company, Giddins
and Lewis, responded positively (Noble,1979) (74). In the aftermath of the
Korean War, however, all this was to change, as Layton (1972) describes,

"...in 1956, following the Korean War, the US Federal Government
took the decision to build up a stock of advanced machine-tool
capacity, both as a reservoir for potential armaments production, and
as a means of stimulating advanced technology. The U.S. Air Force
approached the machine tool and electronic manufacturers, first with
development contracts for numerically controlled tools and then with
orders for batches of 50 - in all worth $30 million. Bendix, General
Electric and Thompson Ramo Wooldridge (later Bunker-Ramo) obtained
contracts for numerical controls and Cincinatti for tools. Software was

further developed at MIT under government contract" (Layton,pp.l71-
72).

Thus, the USAF not only subsidized NC research but singlehandedly created
a market for it (Schlesinger,1984). As a result, the military-led social

constituency entered in full operation so that, by 1949, the commercial market
for NC machine tools took off, clearly as a spillover from the military market.

By the late 1960s, between 15 and 20 % of the value of machine tools installed
each year in the US was numerically controlled (ibid.). The role of the military
had been paramount. They had provided the technical problem, the funds for R
& D work as well as the secure market which enabled the convergence of
interests of all the social forces in control of the basic resources of NC

technology (75). As far as industry was concerned, there was little doubt as to

(73) "The new high-performance, high-speed aircraft demanded a great deal of difficult and
expensive machining to produce airfoils (wing surfaces, jet engines blades), integrally stiffened
wing sections for greater tensile strength and less weight, and variable thickness skins"
(Noble,1979,pp.24-25).
(74) According to Sciberras and Payne (1984), early NC machine were also supplied by
"Bendix Aviation Corporation (with an in-house built machine and controls) and Jones &
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whom was the main beneficiary. In Schlesinger's words, "the benefits of this
effort redounded almost entirely to the largest companies in the computer,

machine tool, and control systems fields, as well as to a limited number of big
aircraft firms" (Schlesinger,p.l84). Thus, within industry, it was large corporate

capital who was to play the leading part in the social constituency of the NC
technology.

The case of computers follows a similar pattern with the government-

capital-military-science concert of interests plainly interacting in the R&D,

production and demand for these systems. Here, building up on the wartime
advances, it was the government-military constituents who again led the drive
for computers by providing the necessary resources and conditions for their

development. Indeed, as Sharpe (1969) states.

"Until 1951, the computer industry was essentially noncommercial:
each machine was one of a kind, and support came primarily from
universities and government. In fact, it can be plausibly argued that
without government (and particularly military) backing, there might
be no computer industry today" (Sharpe,p.l86).

In effect, it is possible to say that the whole of the first generation and

important part of the second generation of electronic computers, right up to the

early-1960s, were largely the outgrowth of government and military involvement
in the field (76). On the one hand, their demands provided the focus around
which most of the computing development revolved, particularly throughout the
1950s, and, on the other, their support enabled and stimulated the participation
of scientific and corporate interests not only through the necessary funds for R
& D but also through "a ready market due to federal procurement of

computers" (Soma,1975,p.3). In this way, they spearheaded the formation of a

social constituency which included, along with themselves, the considerable cadre
of computing scientists which had developed during the war (77) and big

corporate capital which came chiefly from those industrial lines most likely to

be affected by the potential spread of the computer (78). In terms of computer

Lamson's NC turret lathe" (Sciberras and Payne,p.39).
(75) Between 1949 and 1959, the military spent at least $62 million on the
research,development and transfer of NC (Noble,1979). See also Kaplinsky (1984).
(76) "Government supported R&D programs were both antecedent and directly related to
first- and second- "generation" commercial machines as well as to significant intragenerational
improvements" (Katz and Phillips,1982,p.166).
(77) "The cadre of people working on computer development came from universities, various
government departments, and industry. They had frequent formal and informal contacts
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R&D, the role of the military and government during 1945 and 1955 is
described by Schnee (1978),

"From 1945 to 1955, the U.S. Army, Navy and Air Force, the Atomic
Energy Commission, and the National Bureau of Standards all placed
major contracts for the development of improved computers with
universities and with the firms who began design and manufacture
-especially Remington Rand (Univac) and, later, IBM. As a result,
rapid progress was made in solving some of the problems of logic
design, memory storage systems and programming techniques"
(Schnee,p.l6).

In practice, this process manifested itself in several lines of interaction
between the different social constituents, all of which taken together, helped to

shape the computer industry as we know it today. Thus, there was systemic
interaction based on large-scale computer projects for clearly specified military

purposes. The outstanding example was the Whirldwind-SAGE (Semiautomatic
Ground Environment) (79) which, at one stage or another, involved the Navy,
USAF, MIT's Lincoln Laboratory (previously Servomechanism Laboratory), IBM,

Burroughs, the Rand Corporation and Western Electric (Bell System) [Katz and

Phillips(l982), Soma(1975), Dinneen and Frick(1977)]. It began operations in
1958 and enormously advanced the technology of computers, particularly,

regarding real-time operations. It is also acknowledged that IBM owes much of
its current position as the giant of the industry to its prominent participation in
the SAGE project (Kap,1982).

In a less grandiose dimension, there were also a number of government-

military computer projects involving mostly large corporate capital. Raytheon,
for instance, produced the RAYDAC (1947-1951) under contract with the
National Bureau of Standards (NSB) on behalf of the Office of Naval Research

(ONR); RCA produced the Typhoon for the Navy in 1947 and, later, in 1955,
the BIZMAC for the Army; General Electric produced the OARAC computer for

with one another" (ibid.p.167).
(78) "IBM, Remington Rand, NRC and Borroughs were all obvious companies to develop
computer capabilities because of their stake in the business machine market, which was

likely to be displaced by the new technology" (Brock,1975,p.l3). It would be only in 1959
that companies based entirely upon computers would successfully enter the field. These were
Control Data Corporation (CDC) and Digital Equipment Corporation (DEC). "Each of the
previous entrants... was an established large corporation in other lines of business before
entering computers" (ibid.,p.l5).
(79) The SAGE System "was set up to protect the United States against a surprise attack.
SAGE consisted of a network of radar-fed computers that continuously analyzed every cubic
foot of air space around the U.S., instantly tracked all approaching aircraft, and decided on
an appropriate response...The original computer programs for SAGE consumed 1800 man-years
effort; the total system cost has been placed at close to $2 billion"(Schnee,1978,p.l6).
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the ONR in 1953 and throughout this period Burroughs was also developing
computers under military contracts: it delivered the ATLAS computer to the
USAF in 1955 (Katz and Phillips,1982). Looking at the historical environment,
it is clear that the galvanizing role of the Korean War greatly spurred the
involvement of corporate capital in the field of electronic computers. Indeed,
IBM's decision to enter the field at all is said to have been prompted by the

opportunities opening up with the conflict (80). IBM proposed its Defense
Calculator to government contractors in 1951 and completed it in 1952 under
the new name IBM 701. It was to be the first of a very successful endeavour
which would take the company to become the undisputed leader of the

industry.

A final line of interaction revolved around the more general approach to

support the emerging US computer capability through the backing of projects
and new companies. This was particularly the case during the late-1940s and

early-1950s as people involved in wartime projects strove to continue computing

development and organized commercial ventures mainly directed to government

and military markets. An instance of this nature was the Institute for Advanced

Study (IAS) organized by Von Neumann in 1946 with the participation of RCA
Labs and funded by IAS and the Army and Navy Ordnance Departments. It is
said to have been instrumental in the development of electronic computers

(Soma,1975). On the side of commercial ventures, government and military

backing enabled the start of Engineering Research Associates (ERA) in 1946 and

Eckert-Mauchly Computer Company (EMCC) in 1947. They were instrumental in

developing the first commercial computers, the ERA 1101 and the UNIVAC.
Both lacked the financial resources to survive in the market, however, and were

bought by Remington Rand (later, Sperry Rand) in 1952 and 1950 respectively

[Pugh(l984), Katz and Phillips(1982)]. A similar fate occurred to Computer
Research Corporation and Electrodata Corporation, both founded in the early-
1950s, again on the bases of government/military contracts. The first was

bought by National Cash Register (NCR) in 1953 and the latter by Burroughs in
1956, thus adding to the well-established trend for large corporate capital to

dominate the field (81).

(80) "Watson, Jr. suggested this might be an opportunity to become involved with
government agencies as supplier for electronic computers...[ln his view A.M.]...large-scale
electronic computers might be crucial to the company's future" (Pugh,1984,p.29).
(81) For a brief description of mergers, joint ventures and outright sales up to the mid-
1960s in the computer industry, see Sharpe (1969).

- 194 -



Through all the lines of interaction we have described, therefore, by the
second half of the 1950s, the computer industry was already heavily
concentrated in the hands of large corporate capital while, at the same time, the
latter's relative weight within the social constituency of the technology had

experienced a marked increment. Table 3.7 shows the share of the market for

the firms which have dominated the computer industry between 1955 and 1971.
As it is possible to see, since 1956 onwards, only one firm, IBM, has totally
dominated the industry with an average share of 72.2 percent for the period
1956-1971. In addition, the control by the 4 top companies has been consistently
over 85 % of the market for the same period (see also Sharpe,1969). On the
other hand, table 3.8 shows the variations in relative weight occurred within the
social constituency of the computer technology through the changes in the
relative share of the military-space market vis-a-vis the commercial market. As
one can see, right up to 1954, the dominance of the military was overwhelming.
This was the year when the first commercial computer, a UNIVAC, was

delivered by Sperry Rand to GE (Schnee,1978). By 1957, the role of the

military was declining fast as commercial computer sales had climbed up to 40
%. However, this was the year of the Sputnik and the start of the space race

which gave a renewed impulse to the galvanizing pressures of war and
international politics. As a result, in 1958, commercial computer sales fell back

by more than 10 % while space-defense sales jumped up by more than 40 %
(82). In 1959, the space-defense share of total sales reached a peak of 72 %
before starting to decline as commercial computer sales gathered momentum once

again. By 1963, the military-space share had finally come down below the 50 %
line, thus signalling the beginning of the end of its dominance in the

development of computers. Figure 3.5 illustrates this situation for the case of

general-purpose digital computers. By the mid-1960s, the value of these

computers installed by all government agencies was less than 20 % of the total.
This decline in government weight was also reflected in terms of R & D

support. Thus, whereas in the 1950s government-contract R&D accounted for
about 60 % of total expenditure at IBM, by the early-1960s such support had
become only a small part of the company's R&D budget (Freeman,1974).The
government-military role, however, was still important as regards the
development of some very large computers embodying advanced features such as

(82) This renewed space-defense drive for computers was instrumental in the emergence of
Control Data which in 1971 ranked second to IBM. As Schnee (1978) describes, "...Space-
defence business provided the initial impetus for Control Data's growth; almost all of the
company's pre-1960's sales were to government agencies" (Schnee,p,13).
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SperryControl
YearRandHoneywellData 1955

38.5

1956

18.6

1957

16.3

.3

1958

16.3

1.0

1959

17.8

1.2

1960

16.2

0.9

1.0

1961

15.5

2.0

2.2

1962

12.4

2.3

3.1

1963

11.2

1.8

4.0

1964

11.8

2.5

4.4

1965

12.1

3.8

5.4

1966

11.3

5.2

5.3

1967

10.6

4.7

4.7

1968

5.6

4.1

3.9

1970

3.2

4.8

7.3

1971

4.4

7.6

7.7

Table3.7.-MarketSharesofLeading Source.-G.Brock(1978),p.22. (l)Calculationfromotherfigures.I negligible.

RCA

BurroughsNCR

IBM*1)

5.1

0.3

1.6

4.4

0.1

.8

3.9

0.06

1.8

3.3

0.04

1.4

4.2

0.12

2.4

3.4

0.4

3.0

2.6

0.7

3.5

2.2

1.9

3.5

2.6

2.7

3.0

3.1

2.8

2.9

3.6

2.9

2.7

3.0

2.4

3.2

2.9

2.5

2.4

2.1

2.2

2.1

3.4

2.3

2.1

4.1

2.5

56.1 75.3 78.64 77.36 74.38 72.9 70.6 70.9 70.7 69.1 66.0 66.6 68.4 76.5 73.8 71.6

Companies(1955-1971).Percent. theshareofanyotheroompanyas



Year

Commercial Computer Sales

Space-Defense Computer Sales

Total Computer Sales

Space-Defense Shareof Computers

195<i

200

200

100%

1955

68

250

318

79%

1956

185

300

485

62%

1957

230

350

580

60f

1958

200

500

700

71%

1959

310

800

1110

72$

I960

600

900

1500

60%

1961

820

1000

1820

55%

1962

1200

1100

2300

48%

1963

1370

1200

2570

47f

Table3.8.-DistributionofComputerSalesBetweentheCommercialandSpace-DefenseSectors(1954-1963)•MillionsofDollars,
Source,-J,Schnee(1978),p.9.
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the STRETCH. But as Freeman (1974) pointed out, "the highly successful
transistorized 1401 series (1960), the 360 series (1965) and the 370 series were

private venture projects" (Freeman,p.l33). In short, therefore, it is possible to

state that, by the mid-1960s, by all accounts large corporate capital had become
the dominant factor within the social constituency underlying the development
of computer technology in the US. The role of the government and the military

although still substantial was gradually declining.

The case of semiconductor technology and industry is to em important
extent very similar to that of the computer. Although differing in details, the
same complex of social interests, playing basically the same roles, is involved in
the rise and development of the technology. The lines of interaction between
the different social constituents which we have distinguished for the case of the

computer may also be found here, although due to the invention of the
transistor by a large corporation: Bell Labs, the role played by university R &
D is much less pronounced (83). In the following, we shall concentrate on the
distinctive features and developments which have shaped the unfolding of the

technology and industry as well as the interrelations among the social forces

making up its social constituency.

The transistor, unlike the computer, was not an invention related to

military purposes, although the work leading to its development certainly
t .

benefited from the wartime radar-research on'semiconductor crystal detector (84).
Bell's primary concern in developing the transistor was an internal need, namely,
a semiconductor amplifier to replace and improve upon the vacuum tube in the

technology of electronic switching of telephone calls [Brooks(1976),
Mowery(1983)]. Bell Labs more than any other industrial research organization

(83) Apart from the work at Purdue University in the late 1940s which came close to
inventing the point-contact transistor before Bell Labs, in the fifties and sixties "the
aggressive development policy of Stanford University, together with the strength of the
physics and electrical engineering faculties at Stanford and the nearby University of
California at Berkeley, was responsible for the location of numerous merchant semiconductor
firms in the Santa Clara Valley. University-industrial ties in the Bay Area and in the
Boston area were especially close in these early years, and many new ventures involved
university faculty in important consulting or managerial roles" (Levin,1982,p.47).
(84) On the other hand, one has to remember that work on semiconductors at Bell Labs
had actually been interrupted by the war. It had started in 1936 being pursued by Shockley
and Brattain, but as Brooks (1976) explains, "...early in 1940 the two scientists' energies
were diverted into war work. The coming of the war thus postponed the coming of the
basis of postwar electronic technology" (Brooks,p.203). See also Braun and MacDonald
(1978).
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in the world counted on all the necessary resources to produce the transistor

breakthrough (Hogan,1977) (85). It is a matter of agreement among scholars
that this fact was to have crucial implications for the development of
semiconductor technology and industry, for. Bell, being interested in the rapid
advance of the technology on one hand, and, being under pressure for its

monopolistic activities on the other, decided to pursue a very liberal patenting

policy regarding the transistor [MacDonald et al(l98l), Freeman(1974),
Silk(l960)] (86). This led to a rapid diffusion of the new technology as Bell

published and organized symposia to transfer the knowledge and the techniques
involved [Tilton(l97l), Braun and MacDonald(l978), Nelson(l982)] (87). At

this stage, the military had played no significant role and, indeed, it is said that
the Bell team was rather apprehensive as to a possible attempt by the military
to keep the technology secret [De Grasse(1984), Freeman(l982)]. Such fears did
not materialize, however, as the military seem also to have been interested in
the rapid development of the technology for their weapon systems. From the

beginning, therefore, the diffusion of semiconductor technology was unhindered

by patenting as Bell's practice of liberal licencing subsequently became the norm

for the whole industry (88). As we shall see, much of the high technological
dynamism of the industry and the relatively less degree of concentration, for
instance, as compared with computers, have their roots in this particular fact.

In practice, however, it was to be the involvement of the

government/military interests on one hand, and the synergistic interaction of
semiconductors with electronic equipment industries (e.g., computers and

(85) According to Brooks (1976), Bell Labs grew into a giant with World War II and since
has developed into a supergiant. By the mid-1970s, it maintained seventeen locations in nine
states, and an eighteenth in Kwajalein atoll in the Pacific Ocean. It had about 16,500
employees of whom 44 % were professionals and 23 % technical assistants; these included
more than two thousand Ph.D. holders and almost four thousand with master's degrees. The
total Bell's budget for the year 1974 was $625 million.
(86) A few years later, in January 1956 a Consent Decree enabled the Bell System to
become a regulated monopoly, thus avoiding its break up. In exchange, its "two substantive
provisions restricted the scope of Bell System activities and required liberal licencing of Bell
System patents" (Brock,1981,p.191).
(87) Just consider that, by 1960, as one observer put it, "...Almost 90 percent of the
semiconductors items...in commercial production came right out of Mother Bell's Cookbook"(
Silk,1960,p.75).
(88) One reason for this is that the Bell System has acquired most of the important patents
(Tilton,197l). Other reason is that "...Once the critical patents were freely available, the
cumulative nature of technical progress in the industry guaranteed that patents would either
be widely cross-licenced or simply ignored" (Levin,1982,p.8l). It is interesting to note that
the fundamental concept of liberal licencing has lasted for several decades and it is only
recently that it has come under serious challenge as a result of the fierce competitive battle
being waged by the US and Japanese semiconductor industries (Molina,1986).
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communications) on the other, which was to give rise to the complex of social
forces shaping the emergence and development of the US semiconductor

capability. The role of the military was particularly important in the early days
of the technology in the 1950s and in the crucial innovations that set the
foundations for the development of present-day microelectronics. In effect, the
electronic valve had proven to be highly unreliable in military equipment so

that, in the wake of the Korean War, in 1951 "the three services assigned

responsibility for military production development of the transistor to the Signal

Corps" (Braun and MacDonald,1978,p.80). The aim was to increase the

availability of the transistor, reduce its cost and improve its performance and

reliability (ibid.). The means was a major injection of resources in the form of

support for R&D and the build up of production facilities as well as in the
form of procurement which clearly specified the military needs and ensured a

stable market at premium prices [Wilson et al(1980), Utterback and

Murray(l977)]. The practical effect was to be the rapid advance of the

technology and its shaping very much in consonance with the military needs.

In terms of R & D and production lines support, by 1952, large established

corporations (i.e.. Western Electric, GE, Raytheon, RCA and Sylvania) were the
first to benefit from the military funding for the setting up of pilot
semiconductor production lines [Schnee(1978), Levin(l982)]. According to Linvill
and Hogan (1977), $11 million were invested in building alloy (germanium)
transistor lines, table 3.9 shows the level of funds directly allocated to firms
for semiconductor R&D and production refinements between the years 1955
and 1961. As we can see, support for R&D increased substantially since
1957/58 reflecting undoubtedly the impact of the space race and the shift
towards a strategy increasingly based on missiles (OECD,1968b), which
stimulated the miniaturization programmes eventually leading to the invention of
the IC. On the other hand, the year 1956 shows a $14 million expenditure in

production refinements in the transistor area. This reflect the impact of the
silicon transistor and the need to build production lines for the new diffused-
base process of production (Linvill and Hogan,1977) (89). This direct federal

funding, however, does not account for all the backing actually received by the
semiconductor industry. In terms of R & D alone, a 1960 DoD survey found
that in 1958 and 1959, the direct and indirect funding actually amounted to

(89) Table 3.9 does not show production support for ICs but it is estimated that $10
million were given to the semiconductor industry as early as 1959 to build a production
capability for ICs. (Linvill and Hogan,1977).
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Useoffunds

1955

1956

1957

1958

1959

1960

1961

Researchanddevelopment
3.2

4.1

3.8

4.0

6.3

6.8

11.0

Productionrefinement Transistors

2.7

14.0

0.0

1.9

1.0

0.0

1.7

Diodesandrectifiers
2.2

0.8

0.5

0.2

0.0

1.1

0.8

Total

8.1

18.9

4.3

6.1

7.3

7.9

13.5

Table3«9»-USGovernmentFundsAllocatedDirectlytoFirmsfor SemiconductorR&DandforProductionRefinement Projects(1955*1961).MillionsofDollars.
Source.-J.Tllton(1971),p.93.



$13.9 million and $16.2 million respectively; these figures were almost three
times those for direct funding given in table 4.9 (Tilton,197l). True enough,

industry invested an even larger amount of money in semiconductor R&D and

production (90). In R & D, for instance, in 1958 and 1959. the government's
share of the total expenditures was 25 % and 23 % respectively (ibid.).
However, the fact was that military funding played a pivotal role in the whole
process of semiconductor development through the flexibility and timing of this
investments. At critical stages funds were made available. First, for the

germanium transistor, then for the silicon transistor and later for the IC
(Levin,1982). The industrial interests most favoured for R&D appropriations

throughout the fifties were the large corporations with well established R&D
facilities. By 1959, Western Electric and 8 other large valve-producing electronic
companies were receiving 78 % of the government R&D funds, although their
share of the total market was only 35 %. New firms, which by then held 63 %
of the market, were getting only 22 % of government R&D funds (91). For
this reason, as Braun and MacDonald put it, "...The semiconductor industry as a

whole benefited from Government R&D expenditure and more from

government production improvement funds, but the older firms benefited very

much more than the newer" (Braun and MacDonald,1978,p.8l).

There can be little doubt that through their R&D and production
refinement programmes, the military social constituent helped very much to

shape the development of semiconductor technology in accordance with their
interests. For instance, early funding to Bell Labs and to other for pilot

production was undertaken principally to provide the military with devices that
it could use and test in its communication equipment and weaponry

(Levin,1982). Likewise, the production of a silicon transistor was a goal very

much in the interests of the USAF as devices capable of operating at higher
levels of temperatures and radiation were needed for missile guidance systems.

Indeed, no sooner the production of germanium transistors had got under way

in the early-1950s, that the USAF had launched a $5 million R&D programme

on silicon devices. This military demand was very much in the mind of Texas
Instruments (TI) as the company pushed forward the programme of research
which was to produce the first silicon junction transistor in 1954 (92). The

(90) The production refinement contracts for transistors called for federal support of all
engineering design and development effort, while the firms involved paid for capital
equipment and plant space (Levin,1982).
(91) At this time, the older companies were themselves providing about two-thirds of their
E & D expenditure and the new firms about 90 % (Braun and MacDonald,1978).
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pay-off was enormous, the silicon transistor was bought by the military on a

massive scale and TI completely dominated the market for about three years.

The invention of the IC by TI in 1958 (93) again showed a definite pattern

of military interests helping to shape the unfolding of semiconductor technology.
As Mowery (1983) describes, "...As radar and military electronics increased in

importance and complexity during the early 1950s the military services became
more desirous of modular circuit designs that could reduce the number and
complexities of interfaces within missile guidance and detection devices"
(Mowery,p.l87). Then, the launching of the Soviet Sputnik enormously
stimulated the search for smaller and more reliable devices as the military began
to pour money into miniaturization research programmes. At first, different

approaches were tried by the different armed services involving primarily the

large established corporations. Thus, between 1957 and 1963, the Army Signal

Corps spent $26 million on the "micromodule" programme designed to stack and

encapsulate transistors. Most of the work was carried out by RCA [Kilby(1976),
De Grasse(1984)]. From 1958, the Navy backed the thin film approach designed
to print a circuit and passive components onto a ceramic wafer (ibid.). Finally,
from 1959, the USAF supported the molecular electronics approach which

purported to build a circuit in the solid without reproducing individual

components. The $2 million contract was given to Westinghouse fOECD(1968),
Braun and MacDonald(l978)]. Eventually, all these approaches proved unfruitful
and were abandoned as the IC concept was first developed by TI in clear

pursuit of the military interests and particularly aimed at the micromodule

programme [Wolff(1976), Kilby(1976)]. Soon after, the military got heavily
involved in IC as TI immediately sought their support for further development
work. In 1959, the company received $1.15 million form the USAF and the next

(92) Gordon Teal, whose work in crystal-growing techniques at Bell much advanced the
production process of transistors, moved to TI in 1952. By the time. Teal was working on

single-crystal silicon because of the expected high-temperature capability (Teal,1976) which
was so much in demand by the military. TI had made it its goal to be the first to make a
silicon transistor available to the military (Levin,1982). According to Teal (1976), "...It is
hard to overestimate the impact of TI's commercial lead in silicon transistors" (Teal,p.637).
(93) The IC was simultaneously invented by Fairchild, the company which also developed
the planar process (see Chapter II) so crucial for the mass-production of semiconductor
devices. Fairchild did not receive direct R&D military support and the development of the
planar process was primarily related to the desire to improve the production process of
discrete transistors [0ECD(1968), Mowery(l983)]. The IC itself was developed by Fairchild
more in response to TI's impending announcement [Wolff(l976), Electronics( 1980)] but, in
1958, the company did received a USAF's $1.5 million contract to supply silicon diffused
transistors. According to Levin (1982), this helped the company to further development
work on the planar process. Later, in the early sixties, Fairchild was to benefit greatly out
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year $2.1 million for production refinement purposes (Levin,1982). Again, the

military interests were clearly expressed in the shape of the technology as the R
& D contracts, in particular, called for the development of ICs capable of

performing several specific functions and fabricated out of silicon, rather than
the germanium used in TI's first demonstration models (ibid.). Later, in the

early sixties, the USAF IC support programme was expanded to include other

companies, at the same time that other agencies, NASA in particular, also
became heavily involved (93a). In all, during the period 1959-1964, it is
estimated that government allocated $32 million to IC R & D, with the USAF

accounting for 70 % of the total (ibid.). According to Wilson et al (1980),
government R&D spending in semiconductors peaked by the mid-1960s with
the NASA space effort playing a leading role (94). After that, "funding did
decline in the late 1960s...[and A.M.]... During the 1970s government support

for R&D subsided significantly" (Wilson et al,1980,pp.l54-155).

During the early years of the industry, however, as we have indicated, R
& D and production facilities support was only a part of the major role played

by the government-military social constituents. Of equal importance was the

complementary influence of their market role through procurement ensuring a

stable demand for semiconductor components at premium prices. This demand is
considered to have deeply influenced the shape and dynamism of the industry on

several accounts. In Tilton's view,

"Military demand...stimulated the formation of new companies and
encouraged them to develop new semiconductors by promising the
successful ones a large market at high prices and good profits.
Further, the military market, by activating learning economies, often
serves as a stepping stone to eventual penetration into the commercial
market" (Tilton,1971,p.92).

Indeed, unlike the case of computers, many new firms were able to enter

the semiconductor field targeting their strategies towards the military who often
provided the major or only market for their products and at premium prices
[Utterback and Murray(l977), Wilson et al(l980)]. Table 3.10 shows the

importance of the military-space market for semiconductors between 1955 and

of the space race demands for ICs.
(93a) The NASA Microelectronic Reliability programme set criteria for the acceptance of all
semiconductor devices and also required the inspection of all production facilities under
contract to NASA (Wilson et al,1980).
(94) Some of the important R&D work backed by the military were on MOS, CMOS and
Silicon-on-Sapphire technologies. RCA received funding for these three programmes (Wilson et
al,1980).
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Total Semiconductor
Shipments

Year (millions of dollars)

Government
Share of

Shipments to Federal Total Ship-
Government* ments

(millions of dollars) (percent)

1955 40 15 38
1956 90 32 36
1957 151 54 36
1958 210 81 39
1959 396 180 45
1960 542 258 48
1961 565 222 39
1962 575 223 39
1963 610 211 35
1964 676 192 28
1965 884 247 28
1966 1123 298 27
1967 1107 303 27
1968 1159 294 25
1969 1457 247 17
1970 1337 275 21
1971 1519 193 13
1972 1912 228 12
1973 3458 201 6
1974 3916 344 9
1975 3001 239 8
1976 4968 480 10
1977 4583 536 12

•Includes devices produced for Department of Defense, Atomic
Energy Commission, Central Intelligency Agency, Federal
Aviation Agency, and National Aeronautics and Space Admin¬
istration equipment.

Table 3.10.- US Government Purchases of Semiconductor
Devices (1955-1977).

Source.- R. Levin (1982), p.60.
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1977. Until the early 1960s, the average share was around 40 9o with a peak
of 45 % and 48 % for 1959 and 1960 respectively (95). reflecting the impact of
the huge demand for semiconductors created by both the USAF Minuteman
Missile programme and the NASA space programme. On the other hand, figure
3.6 shows the changes in the number of entrants into the industry compared
with growth in semiconductor production for the period 1951-1967, while tables
3.11 and 3.12 provide an idea of the changes in concentration and leadership of
the industry for the periods 1957-1972 and 1955-1980 respectively.

The pattern which emerges is one of concentration -although relatively less
than for the case of computers- accompanied by a relatively high degree of

dynamism in which new companies were able to benefit from the combined
effect of the high rate of technological change, liberal patenting environment and

high military demand for new products at conditions that substantially reduced
the risks of entry into the industry (96). TI, for instance, rose to the

leadership of the industry on the basis of the silicon transistor whose work had
first began at Bell Labs, and the ensuing military contracts for the device.
Another company, Transitron, also succeeded on the basis of a new product
whose work had initially began at Bell Labs, the gold-bonded diode which was

sold entirely to the military (Tilton,1971). In the late fifties, both Fairchild and
Motorola entered the industry and rose to success in the wave of new

technology using silicon and relying on the oxide masking, diffusion, planar and

epitaxial techniques that began in the early 1960s (Wilson et al,1980). Both
received large contracts from the military.

The military-space encouragement to the IC, however, was outstanding. As
shown in table 3.13, initially, in 1962, when the "learning* economies were low
and the product expensive, the military-space share of the market was 100 %. It
was the USAF who opened the first major market with a contract to TI to

produce 300,000 ICs for the Minuteman Missile programme. A family of 22
special circuits had to be designed and built [Layton(1972), OECD(1968),

(95) Prior to 1955, the military demand was perhaps even higher. For instance, of the
90,000 transistors produced in 1952, mostly point contact devices from Western Electric, the
military bought nearly all (Braun and MacDonald,1978). At the time, however, industry had
also began to incorporate the transistor. RCA, for instance, demonstrated an all-transistor TV
in 1952 and Bell had started to use it in the telephone system in 1951 (MacDonald et
al,198l).
(96) A new variety of transistor, for example, would command a very high price when it
first came onto the market if it had unique advantages. The military was prepared to pay
exorbitant prices to have the very best as soon as possible (MacDonald et al,1981).
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PercentofTotalU.S.Shipments
NumberofCompanies

1957

1965

1972

Allsemiconductors 4largestcompanies

51

50

50.

8largestcompanies

71

77

66

20largestcompanies

97

90

81

50largestcompanies

100

96

96

Allcompanies

100

100

100

Integratedcircuits 4largestcompanies

69

57

8largestcompanies

91

73

20largestcompanies

99

91

50largestcompanies

100

100

Allcompanies

100

100

Table3.11.-ConcentrationofUSSemiconductor 1972. Source.-R.Wilsonetal(1980).p.22.
Shipments:
1957,1965and



1955 Transistors Hughes Transitron Philco Sylvania TmiiInstruments GsnerslElectric RCA Meetinghouse Motorola
CIsvita

1960 Semiconductors TexasInstruments Trensltron PhilCO GeneralElectric RCA Motorola Clevtte Fairchild Hughes Sylvanis

1965 Semiconductors TexasInstruments Motorola Fairchild GeneralInstrument GeneralElectric RCA Sprague Philco-Ford Transition Raytheon

1976

IntegratedCircuits TexasInstruments Pairchlld NationalSemicon¬ ductor
Intel Motorola Rockwell GeneralInstrument RCA Slgnetloa(Philips) AmericanMicro¬ systems

1910

IntegratedClrculta TexasInstruments NationalSemiconductor Motorola Intel Fairchild(Schlumberger) Slgnetlcs(Philips) Mostek(UnitedTechnologies) AdvancedMicroDevices RCA Harris

Table3.12.-LeadingUSSemiconductorManufacturers(1955-1980), Source.-R.Levin(1982),p.30.



Averageprice ($)

Percentageconsumed bytheMilitary

1962

50.00

100

1963

31.60

94

1964

18.50

85

1965

8.33

72

1966

505

53

1967

3-32

43

1968

2-33

37

1969

1.67

197°

i-49

1971

1.27,

1972

1.03

Table3.13»-AveragePriceofIntegratedCircuitsand ProportionofProductionConsumedbythe Military(1962-1972).
Source.-E.BraunandS.MacDonald(1978),p.113.
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NUMBEROFENTRANTSMILLIONSOFDOLLARS Figure3.6.-EntryintotheSemiconductorIndustryComparedwithGrowth inSemiconductorProduotlon(1951-1967).
Source.-R.Wilsonetal(i960),p.l*.



Electronics( 1980)] (97). NASA followed soon after with a decision to demand

ICs for its Apollo spacecraft guidance computer. The main contract went to

Fairchild (Levin,1982). In 1965, space-military market for ICs was still almost
three-quarters of the total market and new contracts enabled companies such as

Motorola, Signetics, General Microelectronics and Siliconix to enter into IC

production (ibid.). By the late sixties, however, the military-space share of the
IC market had dropped to 37 %, reflecting, on the one hand, the rapidly

increasing demand of the commercial sector, particularly as a result of the

third-generation computer, and, on the other, a decline in military-space

expenditure as the Apollo programme was already operational and the general
cutback in military expenditures began to filter through (Wilson et al,1980).
Table 3.14 shows that the same decline of the military sector occurred

throughout the semiconductor field. From 50 % of total semiconductor sales in
1960, it had fallen to 35 % in 1968 and it would continue to fall in the next

decade. Along with the R&D programmes, however, the high volume of
military-space orders of the fifties and first half of the sixties had decisively

helped to shape the development of the technology and the industry. During this

period, the government-military social constituents played a leading role and the
commercial sector benefited clearly from it: not only through the numerous

spillovers that occurred but, above all, through the rapid process of innovation
and "learning^ economies which resulted from competition and exacting military
demands (98) and which enabled the rapid diffusion of the technology to

commercial applications (table 3.13 shows this situation for the particular case

of the IC) (99). Finally, unlike the case of computers, large corporate capital
with well established R&D organizations at the time of the invention of the
transistor (e.g.. Bell System, RCA, Raytheon, Westinghouse, Sylvania, Sperry
Rand and GE) was not the dominant force by the late 1960's. The combination
of factors which we have described plus the effect of antitrust policies (100),

(97) For a discussion of how the Minuteman Missile programme shaped the development of
early ICs, see Platzek and Kilby (1964).
(98) For instance, "...the improved Minuteman program called for the development, design,
fabrication, and delivery of twenty new types of semiconductor integrated circuit in a six-
months period. Although this number was subsequently reduced to eighteen types, it
undoubtedly exceeded the total number of types in production in the industry in mid-1962"
(Platzek and Kilby,1964,p.1678).
(99) "Initial defense demand for components, the rapid expansion and the size of demand all
led to rapid dynamic or "learning" economies and laid the base for subsequent price
reductions. All the means which encouraged entry into the industry—also led to a more

competitive situation and lower prices. Cost reductions and price competition engendered by
the military probably resulted in much more rapid penetration of industrial and consumer
markets by transistors and integrated circuits than would otherwise have been the case"
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EndUse

1960

1968

1974

1979

Computer

30.0

35.0

28.6

30.0

Consumer

5.0

10.0

23.8

27.5

Military

50.0

35.0

14.3

10.0

Industrial

15.0

20.0

33.3

37.5

Totalvalue (millionsofdollars)
560

1,211

5,400

10,500

Table3.14.-DistributionofUSSemiconductorSalesbyEnd-Use(1960-1979).Percent.

Source.-R.Wilsonetal(1980),p.19.



like the Consent Decree of 1956 which allowed Bell to produce semiconductors

only for its own internal market and the military market, led to the
domination of the industry by the so-called new firms (see table 3.12). Indeed,

already in 1959. the semiconductor sales of the new firms accounted for 63 %
of the total. As we know, however, in the same year the older established firms
were receiving 78 % of the government funds for R&D and, overall, were

spending 30 % more than the new firms in semiconductor R & D. In the latter

category, therefore, the role of the older firms was still very important as

indeed was their role in the very formation of the new semiconductor firms. In
effect, it is a well known fact in the history of the industry that, through

personnel mobility, the origins of many of the new firms can be traced back to

spinoffs from one or another of the large older corporations, particularly, the
Bell System (101). The family tree given in figure 3.7 dramatically illustrates
this situation. Thus, it seems clear that, although in a different fashion, large
corporate capital was also one of the major social constituents behind the early

development of semiconductor technology. As we shall see later on, through

mergers and acquisitions its role seems to have surfaced more clearly in the
1970s.

All in all, therefore, since World War II and until the late 1960s, the

social constituency of microtechnology was by and large the same as the social

constituency of the US's R&D system. Consequently, the process of socio-
historical developments affecting the unfolding of microtechnology followed a

very similar pattern to what we have seen earlier in relation to the R&D

system. Naturally, there were differences in the specific form of development of
the different industries, either for technological or for social reasons, but the
fact of a government-military led social constituency galvanized by the pressures

of war and international politics and mostly free from the pressures of
international economic competition, is something that underlies the emergence and

development of all of microtechnology, perhaps with the exception of the
communications industry which had a long pre-war history of its own.

(Utterback and Murray,1977,p.4).
(100) "Antitrust policies apparently shifted to seme extent the market positions and towards
manufacturing for internal use and generating revenues from innovative efforts in their other
markets...Some of the older firms like Sylvania, Sperry Rand, Westinghouse and General
Electric eventually had to drop out of the so-called merchant market altogether, although
they continued to manufacture for themselves " (Wilson et al,1980,p.l57).
(101) See Utterback and Murray(l977), Golding(l97l), Freeman(l974), Tilton(l97l),
Braun(l980), Schnee(l978).
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Flgnra 3.7.- Spin-Offs from Bell Laboratories, Vestlnghouse
Electric, Shockley Transistor, Hughes Aircraft,
Sperry Semiconductor GE, RCA and Radio Receptor.

Source.- C. Freeman (1974), pp.147-149.
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By the late sixties, however, the relative weight of the government-military
constituents was in decline as the emerging technologies and industries matured
and corporate capital was able to exploit the vast opportunities offered by the
commercial sector. In addition, the general decline of the role of the military-
space constituent, which started by the mid-to-late-1960s as the galvanizing force
of war lost momentum in the wake of the Vietnam War and the beginning of
the economic crisis, had began to filter through and it was clearly reflected in
their participation in the social constituency of microtechnology. This tendency,
which was to continue during the 1970s as the crisis deepened and the pressures

of international economic competition became stronger, was to give corporate

capital the clear dominant role in the social constituency shaping the

development of microtechnology, just as happened in relation to the R&D
system as a whole. This was particularly illustrated by the case of
semiconductors (102) where, as table 3.10 shows, the percentage of government

purchases reached an all time low of 6 % in 1973, the year of the Oil Crisis,
to recover later to 12 % in 1977. In turn, table 3.14 shows the computer,

consumer and industrial markets accounting for roughly a third each in the
distribution of US semiconductor sales. In terms of R & D, the decline of the

military role was equally dramatic. Thus, it was estimated that, by the late
1970s, government R&D funding comprised about 5 % of the total R&D
outlays for semiconductors (Wilson et al,1980). In terms of both market and R
& D, therefore, by the late 1970s the military social constituent was no longer
able to influence the development of microelectronics as it has done in the early

days of the technology. Indeed, the most important breakthrough of the 1970s,
the microprocessor, was developed entirely for commercial applications by US
Intel [Sciberras(l980), see Chapter II]. The direction of the spillover effect has
then changed dramatically from a military to a commercial origin. According to

Mowery (1983), very little transfer of technology from the military to the
civilian sphere has taken place since the late 1960s, while military applications
of ICs during the 1970s drew upon custom circuits similar to those designed for
the civilian market (103). The overwhelming importance of the civilian markets
and the changing international competitive environment, therefore, had apparently

(102) We shall only take the case of semiconductors to illustrate the point, but it seems

plausible to assume that for the other microtechnology industries the pattern is broadly the
same as for the semiconductor industry. Indeed, as we have seen in figure 3.5, for the case
of computers, already in 1970 the government's share in the total value of general-purpose
computer was about 15 %.
(103) For instance, the industry leaders first introduced MPUs for commercial markets. "The
Fairchild F8 and the Texas Instruments TMS 9900 were followed only later by military
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driven a wedge in the convergence of interests between the military and

corporate capital. At least this was the case as far as the convergence of
interests around predominantly military demands was concerned. As two

commentators have put it. "...The interests of the Military in high reliability and

performance, whatever the cost, can no longer be those of the industry, if it

hopes to compete in the commercial markets" (Braun and MacDonald,1977,p.l4l).

In general, therefore, it is possible to say that, by the mid-to-late 1970s,
the situation of the social constituency of microelectronics was again very much
a reflection of what we have seen in our analysis of the social constituency of
the R&D system. That is, the commercial interests of corporate capital had
become dominant in the midst of a general slackening in the galvanizing forces
of war and international politics, mostly, as a result of the Vietnam War and
the economic crisis. This had, in turn, led to a general slackening of the
interrelations between the dominant constituents of the complex of social
interests associated with the pressures of war, to the point where their systemic
influence on the technological process had weakened considerably. The latter fact
was clearly expressed in the dramatic decline of military influence but it was

also confirmed by the sharp fall in (basic) science activities related to

semiconductor technology. According to one analyst, by the late 1970s this

activity, particularly at universities, was insignificant and it was seen by many

as threatening the long-term development of the industry (Wilson et al,1980).
About this time, however, all this would begin to change as the galvanizing

military pressures began to revive, at the same time that the answer to the US
economic problems in the context of growing international competition was

perceived as resting on the science-based technologies of which microtechnology

represents the most prominent of its current expressions. In the following, we

shall turn our attention to this particular process as it represents the current

stage of historical development of the social constituency of microtechnology in
the US.

devices, such as the Texas SBP 9900" (Sciberras,1980,p.289).
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3*5. The Social Constituency of Microtechnology: Major
Relations and Tendencies Dominating the Current Phase of
Historical Development

The main features of the broad socio-historical context circumscribing the

development of microtechnology in the US in the late 1970s and early 1980s
have been discussed earlier in relation to the US's R&D system. There, we

saw that, by the late 1970s, the galvanizing pressures of economic and politico-
military concerns were recreating the ground for a renewed convergence of
interests between the constituents of the postwar government-military-capital-
science social complex of power. The long-term relative decline of the US
economic and technological performance vis-a-vis Japan and Europe, particularly
W. Germany and the alleged decline in military power following the detente

policy and the fall in military expenditure of the 1970s, have provided the

specific reason and pressure for this to happen. The path ahead, however, was

not as coherent as in the aftermath of World War II when the same complex of
social interests was reconstituted, primarily, under government-military influence
and in the face of negligible economic competition from the war-shattered
economies of Europe and Japan. In fact, in the current phase we saw that the

galvanizing forces of war and strong international economic competition may

actually have contradictory effects as both lead, with different purposes, to lay
claim on the resources of the R&D system and science-based technologies such
as microtechnology. In the 1980's, therefore, the social constituency of

microtechnology seems not as cohesive as in the 1950s. Indeed, as we shall now
see, the entire social process underlying the development of microtechnology has
become much more complex as military, economic, political and technical

developments interpenetrate each other in a single sociotechnical process of both
national and international dimensions. The major aspects and tendencies of such
a process for the case of the US social constituency of microtechnology are the

subject of the following discussion.

In the main, it is possible to distinguish four major sub-processes deeply

interacting with each other.

a) The process of re-strengthening of the links between corporate capital,

government, the military and science on the basis of the galvanizing forces of
war and global economic and technological competition. This has manifested itself
most clearly in the proliferation of government supported technological

programmes and a variety of institutional arrangements seeking to strengthen,
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for instance, government-industry-university links, military-industry-university
links, etc.

b) Closely related to the previous process is the military effort to regain
influence within the social constituency of microtechnology through the massive
and strategically-placed use of financial resources and with the aim of reshaping
at least an important part of the technological process towards military ends. A
process of reversion of the spillover mechanism is at stake here.

c) The process of convergence and synergistic development of signal systems
which has not only brought into collision industries of quite separate existence
in the past but, also, created the conditions underlying both a huge process of
vertical and horizontal integration within the electronics industry and the

convergence of large corporate capital spanning many industries into the field.

d) The process of intensified electronics competition on a global scale which
in a conflated cause-and-effect interrelation to the process (c) above has not only
stimulated the perennial capitalist tendency towards oligopolistic market
concentration at national and international levels but, also, the national and

international integration and/or coalition of capitals at both intra- and inter¬

industry levels.

Let us see the practical manifestation of each one of these deeply
interrelated processes.

3.5.1. Re-strengthening of the Links Between Corporate Capital,
Government, the Military and Science

This process began to take shape by the late-1970s as the overriding
interests of corporate capital, government, the military and science were able,
once again, to tune themselves into convergence favoured by the subsiding of the
Vietnam crisis (104) and the perceived need for a science-based technology
response to the military and technoeconomic challenge facing the US. As a

result, industry, apart from its own research, has stepped up its support to

university research (105), while the university has itself encouraged the

(104) As one observer put it in relation to the university, the focus of the Vietnam protest
movement of the early-1970s, "... The great crisis of ideology during Vietnam has all but
evaporated among faculty, students, and staff" (R. Sproull, president of the University of
Rochester, quoted by Walsh (1981), p.1003).
(105) The primary source of university research funds for the past 25 years has been the
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formation of various links with industry. At the same time, government and the

military have themselves enthusiastically stimulated and participated in these

linkages and, as we shall see below, the latter in particular have evolved their
own technological programs in an attempt to direct the technological thrust of
the renewed social constituency towards their own interests. All of the social
constituents emphasize the mutual benefits of the re-strengthened linkages and,
of course, the benefits for the nation and whatever the tensions arising from
their ethical differences, these are being rapidly accommodated to the demands of
their overriding interests. Under the circumstances of the early 1980s, these

overriding interests for the case of the university-industry linkage were

described as follows, "...industry facing sharp international competition is looking
to university research for some of the answers to its lagging productivity and

technological innovation...[and A.M.]... money is what academia needs

desperately right now" (Stanfield,1980,p.202l) (106). In practice, this

complementarity is what has predominated (107) and table 3.15 gives an

indication of the type of practical arrangements to which it has increasingly
given rise. In fact, as we have said, the government and the military have

encouraged and participated in most of the important arrangements as,

ultimately, a strong university-industry link is seen as the key to the
acceleration of science-based technology and hence, in the interest of everyone

(108). In this sense, due to its strategic importance, microtechnology is perhaps

federal government (Stanfield,1980). In Dickson's words, "federal support for education and
research increased in the 1950s and 1960s much faster than that for industry. As a result
even though industry sponsorship of research continued to grow significantly in absolute
terms, as a proportion of academic research funding it dropped precipitously -from 10 percent
of the total in 1955 to 5 percent in 1960, and less than 3 percent in 1970"
Dickson,1984,p.64). See also Pappademos (1983).
(106) For a discussion about the specific benefits accruing to industry, the university and the
country from a closer interrelation between these two institutions, see Prager and Ommen
(1980) and David (1979).
(107) According to Noble (1982), this complementarity of interests has developed into a
much deeper integration of interests spanning social and political views and actions. This has
taken place, primarily, through the merging of interests of corporate capital and what Noble
calls corporate academics. "Quite naturally, and without the need for any conspiracy, their
two identities merge in their thought and actions. Thus do academic interests, and often
personal and professional interests as well, converge with corporate interests. These corporate
academics have come to share the world view of their confreres in the board room"

(Noble,p.147). See also Dickson (1984) for a similar analysis.
(108) For instance, as two analysts have described, NASA and DoD, "...through their major
technology development and procurement programs, have stimulated the formation of
research consortia to direct "their collective capabilities to the solution of specific technical
problems. The Department of Energy has stimulated university-industry-government
cooperation in R & D related to specific energy technologies—The Department of Commerce
enlists the aid of universities in facilitating the introduction and application of technologies
designed to improve the competitiveness of industries in the international market place"
(Prager and Ommen,1980,p.382).
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the foremost technology expressing the convergence of interests as much as the
variety of arrangements which has come to crystallize such a convergence in the
historical conditions of the present stage of development of the US society. A

complex of institutional arrangements has taken shape which has come to press

for, advance as well as shape the development of microtechnology.

The great push came initially from the government when in January 1978.
the National Science Board agreed to change the guidelines for research grants

awarded by the National Science Foundation (NSF) to permit funding of

cooperative research projects involving both university and industry
(Dickson,1984). Two years later, in 1980, a bill was signed by President Carter
authorizing the expenditure of $285 million by the NSF and the Department of
Commerce to establish industrial technology centers at universities (109).
Industry was expected to contribute at least 25 % of each center's funding and
the latter were "expected to become, ultimately, either self-sustaining or totally

industry-supported" ( Physics Today, 1980,p.55). The military joined the push in
1983 by adopting a plan which would give a bonus on R & D contract to

companies that worked with universities ( The Chronicle of Higher Education,
1983). This general idea of the military encouraging industry-university ties
had been proposed in 1980 by the government to the heads of the Army, Navy,
Air Force and the DoD Advanced Research Projects Agency (DARPA) (110) (
Physics Today, 1980). Soon centers began to spread in the microtechnology field
(ill) as electronic corporate capital and universities converged into this systemic

arrangement (112).

(109) The aim of the center was to be the sponsoring of "joint industry/academe research
on generic technologies, in which individual firms have little incentive to invest, but which
may have significant economic or strategic importance, such as manufacturing technology. The
centers are also to provide assistance and advice to individuals and industries, particularly
small businesses"( Physics Today, 1980,p.55).
(110) DARPA was formed in the late 1950s in the wake of the technological race unleashed
by the Sputnik. Its aim has been to promote basic research and until recently its role,
particularly, of its Information Processing Techniques Office (EPTO) has been considered of
great importance for the development of computer science in the US. As Ornstein et al
(1984) explain, IPTO, "headed by distinguished computer scientists, has established itself as
the principal government sponsor of computer research at universities and industrial
laboratories. Much of this research has been generic in nature -applicable to a large variety
of military and non-military problems" (Ornstein et al,1980,p.ll). As we shall see later on,
all this has began to change as a result of the renewed military drive on technology.
(111) Centers appeared in other technological fields as well, for instance, biotechnology,
building technologies, and polymers. See Ploch (1983) for a list of centers and their
research activities, including those in the microtechnology field.
(112) Various authors have described these centers. See Ploch (1983), Botkin et al (1982),
Norman (1982), Mason (1980).
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At Cornell University, for instance, a $5 million grant from NSF enabled
the establishment of the National Research and Resource Facility for Submicron
Structures. Of the 8 members of the facility's policy board, 4 came from major
electronics companies, namely. Bell Labs, IBM, Hewlett-Packard and Intel
Corporation. In addition, through its affiliate programme, other major companies
such as GE, TT, Rockwell International and Xerox, are also linked to the facility

(Dickson,1984). Other major center is the Center for Integrated Systems (CIS) at

Stanford University, promoted independently by the university and bringing

together corporate capital and the military, with a support of $12 million and
$8 million respectively. Here, major corporations were to give the university an

unrestricted grant of $1,750,000, spread over 3 years, to help pay for a new

building and research equipment (113), while the military, through DARPA,
were to help to establish a facility at CIS for rapid fabrication of large-scale
ICs (Norman,1982). MIT has followed Stanford with its $20-million

Microsystems Industrial Group (MIC). Again, large corporations are putting
$750,000 in a three-year period but small companies can also join MIC for a

$50,000 fee each. At Rensselaer Polytechnic Institute (RPI) a $30-million Center
for Integrated Electronics (CJLE) has also been established. Here, big corporations
such as IBM and GE had committed large sums of money: $2.75 million the
former company and $1.25 the latter company. An initiative launched by

corporations themselves is the Microelectronics and Computer Technology

Corporation (MCC), a non-profit joint venture promoted by Control Data Corp.
and bringing together computer and semiconductor companies so that they can

pool their resources and share the cost of doing long-range research (Marbarch et

al,1985). Among the 12 major corporations that joined MCC are Honeywell,
Motorola, RCA and Control Data. The companies will donate scientists and
researchers to MCC, loaning them for up to four years. MCC's budget will be
about $75 million a year with a staff of 250. It will be based in Austin, Texas,
after a competitive bid involving 57 cities in which Austin's private donors, the
state and universities put together a generous package of incentives (ibid.).

There are other forms in which the social constituents of the

microtechnology are liaising with each other to further the development of the

technology. Thus, in some places, it has been the state-government which has

provided the bulk of the money for the set up of electronics centers, mostly, at

(113) Among those sponsoring CIS in 1983 were GE, TRW, Hewlett-Packard, Northrop,
Xerox, TI, Fairchild, Honeywell, IBM, Tektronics, DEC, Intel, ITT, GTE, Motorola, United
Technologies and Monsanto. In sum, many of the companies dominating the electronics
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state universities. This has been the case in Arizona. Minnesota and North

Carolina. In Arizona, for instance, the state-government has put $20 million for
the Center for Excellence in Engineering (CEE) whose core activity will be solid
state microelectronics and computer science. Industry's financial participation in
this case amounted to $9 million. In other instances, a multilateral arrangement

has been structured which pools financial resources from electronics companies,

particularly with the aim of promoting basic research at universities. This is the
case of the Semiconductor Research Cooperative (SRC) initially suggested by IBM
but now sponsored by the Semiconductor Industry Association (SIA). The goal
of the cooperative is to establish 8 to 10 "centers of excellence" at universities
known for their work in key areas of microelectronics and computer science
(Ploch,1983). By 1986, total research funds distributed in this way is expected
to reach $40 million a year. The first grants were made in November 1982,
when $3 million were shared between the University of California at Berkeley,

Carnegie-Mellon University (CMU) and eight other universities to support
research on ICs (Dickson,1984).

Yet another form of university-industry interrelation is that pursued by
CMU in relation to its Robotics Institute. Here the main founders are

Westinghouse, DEC, and the Navy. Westinghouse provides $1.2 million and DEC
$1 million a year for research projects of their interest. Unlike the cases above,
the corporations will hold the patents arising from the research. In addition, the
Institute has an affiliate programme with 17 companies, each paying from
$10,000 to $50,000 annually for periodic reports of work in progress and
attendance to briefing sessions (Norman,1982). More recently, a Software

Engineering Institute (SEI) has been established at CMU which is being entirely
financed by the military at a cost of $103 million. SEI will employ 250 people

by 1988, with the specific mission to "accelerate the transition of emerging or

advanced computer software technology into use in the development and
maintenance of DoD weapons systems" ( Datamation, 1 October 1984). It is
stressed, however, that SEI's activities will "exclude development of mission
software for defense systems" (Leopold,1985). In turn, the California Institute
of Technology (Caltech) is running a successful affiliates programme with it
Silicon Structures Project (SSP). Corporations pay Caltech $100,000 to send a

staff scientist to the university to work for a year in the general area of
computer-aided design of ICs. Twelve firms were participating in this project in
1982. Finally the NSF has also stimulated cooperative research projects carried
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out jointly by academic and industrial researchers. Here, corporations are

required to supplement NSF's funds. Among the projects under way. Bell Labs
and Lehigh University are working on thermal convection in cavities; several
computer firms are working with Caltech on design of silicon structures;

Raytheon is working on signal processing with the University of Rhode Island
and Westinghouse and the University of Florida are working in robot

manipulation [Prager and 0mmen(l980), Dickson(l984)].

In all the ways mentioned, therefore, the social constituents of
microtechnology are networking their interests behind the development of the

technology and, ultimately, shaping it. Specifically, an important tendency
towards integration around science, particularly around what is referred as

generic research, seems to be in operation which is bringing together not only
the different social constituents of microtechnology but, indeed, competing

corporations within the electronics industry constituent and different universities
within the science constituent as well as different departments within particular
universities. The latter, of course, being a process deeply rooted in the

convergence of scientific and technical disciplines due to the multidisciplinary
nature of most of the projects (114).

3.5.2. The Renewed Drive of the Military Social Constituent on
the Current Development of Microtechnology

Closely interrelated to the process above is that process whereby the

military is currently seeking to direct the development of key areas of

microtechnology towards their own technical needs. In effect, helped by the
renewed pressures of war and aware of their clear decline within the social

constituency of microtechnology, the military have understood that without a

major effort to improve their relative standing within this constituency through
a major technological programme of their own making, they would have to

content themselves with the civilian spillover as a major mechanism to satisfy
their technical needs. Thus, by the late 1970s, the efforts to redirect at least an

important part of the technological process began to take shape eventually

crystallizing in such huge programs as the Very High Speed Integrated Circuit

industry (Norman,1982).
(114) RPI, for instance, has brought together faculty members of five different departments
for its Center for Integrated Electronics. Likewise, the Robotics Institute at CMU draws on

faculty from several different departments, especially computer science and mechanical
engineering (Norman,1982).
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(VHSIC). the Strategic Computing Plan and the ICAM and MANTECH
programmes for automation. Lately, the Strategic Defense Initiative project
threatens to give the military a hold on the development of microtechnology
which will outlast by far the end of the present century. Let us see first the
basic tenets and rationale behind the VHSIC program (115). In the words of
W. Perry, Undersecretary of Defense for Research and Engineering,

"...we have little ability to influence those companies whose sales are
predominantly commercial. This is a serious limitation in the case of
the semiconductor industry, whose products play a crucial role in
nearly all of our advanced weapon systems. Therefore, we have
initiated a new technology program intended to direct the next
generation of large-scale integrated circuits to those characteristics most
significant to Defense applications...This initiative will require
expenditures of $31 million in FY 1980, and involve a total cost of
about $200 million over six years...we expect this investment to
stimulate at least an equal amount in industry... Our goal is to get
the full benefit of our investment plus the added benefit of influencing
the direction of a substantial amount of company R&D" (W. Perry,
quoted by Mowery,1983,p.l9l).

The technological goal of the VHSIC program is to provide, by the mid-
1980s, microcircuits in which high-speed, complex real-time signal processing is
essential (116). Thus, reducing the minimum feature sizes and increasing the
functional complexity on a chip are only part of the programme. In addition, a

low power consumption is desirable and some specific military requirements, like
radiation resistance, must be met [Connolly(1978), Sumney(1980),
Hazewindus(l982), Aviation Week & Space Technology( 1981)]. The program was

initially divided in three phases and the three Armed Services are cooperating in
its development. Large Corporations are the main or prime contractors and they
are joined by other companies and universities and research institutes as team

members. Table 3.16 shows how the diverse social constituents have teamed up

behind different technical projects for Phase I of the programme. Table 3.17
shows the corporate and science constituents who will be involved in Phase III
as well as the impressive array of technical projects which are involved in the
VHSIC programme. Phase I was expected to end by May 1984. However, in

(115) "...planning foi the program began in 1978 immediately after military intelligence
reports revealed that the U.S. advantage in the electronics embodied in field weapons systems
had been significantly eroded" (Levin,1982a,p.49). See also Perry and Roberts (1982) and
Weisberg (1978). Specifically, classified intelligence data showed the US technology lead had
slipped from an estimated 5 to 10 years to 3 to 5 years and was continuing to diminish
(Connolly,1978).
(116) The goal of the program is pilot production in 1986 of processors containing 250,000
gates, operating at clock speeds of at least 25 MHz, and performing several million to
several billion operations per second" (Sumney,1980,p.24).
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Defense Dept.'s VHSIC Program
pk *ia /are

rnrnf contractor r nlK if'O

& tejm member* Technology Architectural Approach Monitor

General Electric C MOS and Standard chip sei o! Army
Intersil C-MOS'SOS seven logic devices.
Martin Marietta* three memory chips

Analog Devices
Tektronix
Stanford Univ

Honeywell Bipolar (integrated Standard families of US AF

Schottky logic, current chip sets and CAD
mode logic, and current
sourcing logic)

Hughes Aircrafl C-MOS/SOS and Not available Army
Signelics bipolar (integrated)
Burroughs Schottky logic).
Res Triangle tnstit
Cornell Univ.
Stanford Univ

UCLA
IBM N-MOS Standard chip set tor Navy
Northropf data processing and

macro cell standard

custom via CAD

Raytheon Bipolar (isolated Standard chip set of four USAF
Fairchild Semiconductor integrated and custom "glue chips"
Varian/Ejrtrion Injected logic) using gate arrays

RocLwef! C-MOS and Standard chip set: Army
Sanders Assoc. C-MOS/SOS tour logic plus
Perkin-Elmer two memory

Texas Instruments Bipolar (Schottky Standard chip set of five USAF
transistor logic) and gate array

N-MOS memory "glue chips"
TRW Bipolar (three- 1S-2C chips total Navy
Motorola diffusion) and C-MOS in two technologies
Sperry Unlvac
GCA-Mann

Westinghouse C-MOS and Standard chip sei of six Navy
National Semiconduclor C-MOS'SOS and set of gate array
Control Data Corp "glue chips'
Harris Electronics*
Mellon Institute

Boemg AerospaceT
* Joined team after Phase Zero award

t Proposed additions tor Phase 1 effort.

Table 3.16.- Capital-Milltary-Sclence Constituents
Behind Fhase I of the VHSIC Program.

Source.- Aviation Week & Space Technology (1981),
p. 50.

- 227 -



VHSIC Programs—Phase 3
Duration Funding

Company (cop* 9* War* (months) (thousand)

A"* Scence Development of * Concentrgir^ ce&matmg 11 two
6 Engineer*^ #unwnat»on System tor i-ray tonography
AVCO rf\tans/?y pm'sed piasma i-nry source IS 249

tor micr©tonography -

AVCO Coronaphoraait tor pat purification t 220

8o**ng Storage logic array* 1? 455

CBM Corp UUra-high speed iubmicron drsct erHe 20 1.243
atocl'or beam sg>oa/i system

GC Devetopmant of MESFTT Axr on sapphire 12 338

lor K galas
GC to^rpved performance p-ecksge tor VKSC It 235
Hewtefl-Packard Advanced raais! matariato r*2 processes 20 491

Ho** / Etoclronic peciagmg lor VKSC 25 470

Hughes low temperature photochemical processing 24 574
tor VHSC appfceattona

HugSes laser annaakng 24 700 !
Hughas Electron beam processing 24 392

Hughes Refractory metal to* Inter connection 24 422

Hughes FeAure management design eyslem 24 703

Hughes State induction transistor logic technology. 24 1.124
tow-tempersiure siucor aphaxy. and
improved rasusU 'or eteclron-beem tonography

Hughes Acourtc microscopy for inspection of VHSCe 28 602

Hughes E-ba*m Urography components for directly 24 1.541
•rrtling very-higVapaed integrated circuits

Hughes Electron beam ee-cutt tartar 18 451
LocAheed A study of VKSIC applications for nam/ U 551

pal/of aircraft
PertJrv-Eimer Extend racroftthc technology through 24 378

piaama etching resaa/rh
Periirv-Elmer pTOposa' to extend m<roJ renography 15 1.520
(Harris U*ad) technology
Raytheon K«gh demfry performance hybrid £*0*1 16 180
Rock wef low f*5?slNnTy gates for C-MOS integratad 17 85

crcults
Sondaa Memory processor Study 15 278
Tl Oats ftow archhactura K 436
TRW (GCA) Electron beam system software 15 1.369
TRW Transporiabftoy of CAD data 10 479
TRW Software archriectvr# study 12 754
Van* Development of direct write E-beam 48 1.215

tonography sytfem
Westnghouae EJactronicafty arte-able ROM lor VMSlC 24 581

Westnghouse Low defect density aibcon substrates for NMOS 24 599

Westinghoua* Mobitoy and drift velocrty measurements 14 83

in inversion layers
Wast.nghouae improved SOS tor VHSC 24 248

Universities t Research Institutes
t>v* of Arizona S<gnaf processing algorithms on chips 12 131

Cerneg* UeAor, A fverarchicai design approach tor VHSC 24 389
Comef l>rwv. Stud«s on User anneahng of SOS arid 36 282

pofy aiyinsUator
Cornm£ UrWv. Smpie aubmicror device modsis tor oraAf 36 256

armuuttton
Come* Dnrv. Exact simulation of aubrmcron scale devices 36 256
Comefi Ur*rv Anetylice! methods for determination of 36 204

substrate defects introduced during p-ocessmg
use Design automation 24 281
use Des*gn for testability and reliability 24 332
Urwv of if roofs Ratable. h*gh periormanct VHSC system 46 2.696
Research Tnar^ie identrf.cat.on and assessment of on-chip 12 170
Institute (RTl) eeff-test and repair concepts
RTI Design. development and application of a 48 519

signal processor architecture performance
evaluation too*

SRJ Feufr tdarant architecture for VKSC 12 251
SRf Intense plasma way source for submicron 33 493

tonography
SRl Assignment togomhms for the control of 12 100

VHSC aamicondvxrtor chips
Stanford Tasting VHSC devkoee 36 530

Table 3.17.- Social Constituents Behind
Phase III of the VHSIC Program,

Source.- Aviation Week & Space Technology
(1981), p.54.
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1983, it was already clear that not only this phase was going to go beyond this
date but, also, that the whole programme was changing with Phase II possibly

becoming a Phase IV, thus extending the programme towards the late 1980s
(Beresford,1983). In the meantime, the costs related to Phase I itself are

increasing, not only because the 28 chips involved in it are now expected to
arrive before the end of 1985 (nearly half had appeared by the end of 1984)
but. also, because two additional programmes have been deviced to ensure both
the rapid insertion of the new chips and a yield-enhancement in their process of

production. On account of the insertion programme, by the end of 1984, the
Office of the Under Secretary of Defense for Research and Engineering, which is

managing the VHSIC programme, had already seeded 38 insertion programmes at

a cost of about $150 million, and an additional $50 million in seed money were

being planned. On the other hand, the VHSIC-sponsored yield-enhancement

programme involving all the Phase I contractors had meant another $90 million
from the office. In turn, the three services had put up an additional $300
million to support insertion contracts (Iversen,1984). As to the entire VHSIC

programme, its cost is now put at $680 million without taking into account the
insertion and yield-enhancement programmes related to Phase I (ibid.). Thus, as

frequently happens with military projects, the actual cost of the VHSIC

programme has in the end meant considerably more resources being devoted to

military purposes than originally proposed. Hence, one should look with

apprehension the fact that DARPA, "in an effort that is separate but

complementary to the VHSIC program, is looking into the future when it may

be possible to fabricate more than a million gates on a single chip" ( Aviation
Week & Space Technology, 1981,p.54). For all this, it seems plain that the

military are aiming for a rather long-term shaping of semiconductor technology
in accord with their own interests. Below, we shall see that this development
has brought echoes of the general controversy over the impact of the military
on the US's R&D system, as a number of people have raised serious doubts
about possible impact of this renewed military drive on semiconductors in
conditions of major importance of commercial markets and strong international

competition particularly from Japan [De Grasse(1984), Mowery(l983)].

In the field of computers and AI, the military, through DARPA, launched
their Strategic Computing Plan (SCP) in 1983. It was hailed by some

commentators as the US response to the Japanese Fifth Generation Computer

Project and a re-encountering with the spirit of the space race. Thus, in the
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view of Botkin and Dimancescu (1984),

"Twenty-five years ago, DARPA led the charge to restore our technical
leadership in the space race against the Soviet Union. The pieces were
there but they had to be pulled together and focussed on a mission.
Now we are faced with another race -this time with the Japanese- for
leadership in information processing. It took Japan's Fifth Generation
Computer Project to awaken our competitive spirit now. Again DARPA
has seized the initiative. Its strategic computing program with five-year
funding of $600 million was recently submitted to the Congress. It
lays out a multiyear research and development program to assure U.S.
superiority in information processing...The basis for this focused effort
is national security, but the potential for strengthening our industrial
base is also enormous" (Botkin and Dimancescu,pp.224-225).

What the authors seem to overlook, however, is not only that the
historical conditions have changed quite markedly since the space race, but, also,
that due to Japan's focus on commercial markets, the latter country is in a

rather different race-track from the one DARPA is leading the US. The space

race with the Soviet Union pointed to similar technological purposes, unlike the
current race, where Japan is striving directly for social and industrial goals
(117) and the US for military ones, expecting only indirectly to defeat the

Japanese industrial challenge.

A brief look at the research goals of SCP will serve to confirm the point
we have just made. It is a three-pronged plan which includes intensive efforts in
microelectronics, computer architectures and AI software, all of which will be

(117) As the VLSI project, the Fifth Generation Project is in fact part of a Japanese
strategy to gain international superiority in the science-based industries. This goal is
explicitly asserted in Vision of MTTI's Policies in the 1980's, "...It is extremely important for
Japan to make the most of her brain resources, which may well be called the nation's only
resources, and thereby develop creative technologies of its own...Possession of her own

technology will help Japan to maintain and develop her industries' international superiority
and to form a foundation for the long-term development of the economy and society"
Quoted by De Grasse,1984,p.95). In this context, the Fifth Generation Project is specifically
envisaged as a) increasing productivity in low-productivity areas particularly white-collar
work; b) providing intelligent assistance to managers with high-level expertise necessary for
making important decisions; c) developing new computer technology based on Japanese
conceptions, thus breaking with the dynamic of following the computer lead of other
countries; d) saving of energy and resources through better information and its optimal use;
e) helping Japan to cope with the problems of an aging society, for instance, in health
management; f) helping international cooperation through the development of translation and
interpreting systems; g) expanding human abilities by amplifying, not merely physical labour,
but intelligence too; and, finally, as part of the general development of knowledge industries,
the Fifth Generation project is seen as helping in the promotion of stable, consistent, and
sophisticated judgements in politics, administration, and industry (Feigenbaum and
McCorduck,1983). More to the point of US-Japan competition, M. Dertouzos, director of
MIT's Computer Laboratory, has seen the project as a "carefully conceived blueprint of the
research and engineering needed to leapfrog the US computer industry and destroy its world
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closely tied to specific military applications [Tucker(1985), Sun(1983), Ornstein
et al(l984)]. Among the highlights of SCP, it is envisaged that gallium arsenide
chips will gradually replace silicon chips as a means of getting faster computing
speeds, lower power consumption and greater resistance to nuclear radiation. In
turn, work in computer architecture will focus on ways to run several
computers in parallel, thus obtaining at least a thousand-fold increase in net

computing power. Finally, software research will put the emphasis on AI since
it is envisaged that expert systems will play a vital role in the evaluation of
complex problems and high-level planning while machines will be able to see

and understand speech. Specifically, the fruits of SCP are shared by the three
armed services. For the Army, a class of autonomous vehicles that could

navigate 80 miles from one destination to another independently performing
reconnaissance and other military missions. For the USAF, an automated pilot's
associate which would be a crucial aid to aircraft operators in the face of ever¬

more complex aircrafts and demanding combat-flight conditions. For the Navy,
an expert system which is a battle management system to help commanders of
carrier battle groups plan and conduct major battles at sea [Sun(l983),
Tucker(l985), Ornstein et al(l984)].

As we can see, therefore, the military's stimulus to computer and AI is for
reasons quite unlike those behind the Japanese Fifth Generation Project. As
DARPA's computer director, Robert Kahn, has put it, "...This is a very sexy area

to the military, because you can imagine all kinds of neat, interesting things

you could send off on their own little missions around the world or even in
local combat" (Quoted by Marbarch et al,1985,p.65). Thus, there is good reason

to question how such military incantation and the demands is going to impose

upon the field of computers and AI, can be construed as direct response to the

Japanese challenge. In this sense, only to the extent that large corporate capital
is able to manipulate the military demands for its own purposes regarding
international competition, one could find a connection between SCP and the

Japanese challenge.

In the field of industrial control and automation in general, the military
have also taken the initiative in shaping the development of the technology and

bringing together corporate capital and universities behind the effort. Following
the tradition of the 1950s, the USAF started the first project, the Integrated

supremacy" (Quoted by Marbarch et al,1985,p.60).
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Computer-Aided Manufacturing (ICAM), in 1977. Technically, as we saw in
Chapter II, the ICAM programme aims at the development of computer-

integrated manufacturing systems to be vised within industry, particularly, that
related to the military sector (Hudson,1982). Through ICAM, better productivity,
lowered costs, greater design flexibility and greater management control over the

productive process were seen as achievable goals for the manufacturing industry.
The first two goals, however, have already been seriously questioned
[Noble(l984), Schlesinger(l984)], while, in practice, for the industrial interests,
the latter seems to be the goal which actually offer the highest pay-off potential
(De Grasse,1984). Indeed, according to Noble (1984), "...The Air Force Systems
Command (AFSC) estimated a 54 percent reduction in "people" (blue-collar
workers) as one of the chief Air Force CAM center benefits" (Noble,p.33l).

Like VHSIC and SCP, ICAM also materializes the convergence of corporate

capital-government-military-science interests. Thus, between 1977 and 1982, the

programme awarded more than sixty-five contracts involving US companies and
universities and, between 1979 and 1984 the expenditure was expected to reach
$100 million. Currently, the AFSC has twenty ICAM projects under way,

including a "Factory of the Future" where a team of ten contractors, led by

Vought Corporation and including North Carolina's Research Triangle Institute, is

trying to develop an entire plant that utilizes only cutting-edge production

technologies (Schlesinger,1984). In addition, the AFSC is actively promoting an

industry-wide dissemination and transfer of this model factory between 1985
and 1990.

Most importantly, however, the ICAM program has led to similar efforts
from the other services as well as to an spin-off programme, the $67 million
TECMOD (Technology Modernization) programme devoted to refining specific

pieces of computer-integrated systems. The Navy's programme is the Shipbuilding
Technology Program (STP) and the Army's is the Army Tank Command's
Flexible Manufacturing System Project. In addition. There is the Tri-Service
Electronic Computer-Aided Manufacturing (ECAM) project managed by the Army
(Noble,1984). All these projects have come to be seen as part of a military-led
effort to refine manufacturing technologies called ManTech. Between 1977 and
1981, it is estimated that $640 million were invested by the military in
ManTech and $141 million were disposed in the year 1983 alone [Tirman(l984),
Schlesinger(l984)]. Currently, the Army is managing about 600 ManTech projects
worth a total of $300 million; and a 1982-DoD projection for the following five
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years suggested that $1.5 billion would be spent on the automation effort.
ManTech, therefore, has taken to its full development the ICAM basic concept

of a military-led social constituency pressing for. advancing and shaping the

development of the microtechnology of industrial automation. In effect, not only
the scale of the programme is much larger but the social constituency itself has

grown in strength and become more firmly institutionalized. With ManTech, the
military as a whole have become a major driving force behind automation while

organizations such as the industry's Manufacturing Technology Advisory Group
and the academic community's College CAD/CAM Consortium have emerged to

strengthen the military-industry-university links (Schlesinger,1984). Not
surprisingly, in consonance with its increased influence and despite that most

investment focus on weapons production, this social constituency sees and present

itself as not only improving shopfloor efficiency for the defense industry but, in
fact, as leading the US battle for international industrial leadership, particularly

against Japan and Europe. As one commentator has put it, "...DoD increasingly

promotes its MT [ManTech A.M.] efforts as a boost to the country's global
market-share and reputation for industrial leadership. Military MT is to drive all
U.S. industry, not just predominantly defense sectors, towards a more

competitive posture" (Schlesinger,1984,p.l89). To what extent this is going to be
the case is too early to say, but, just as in the case of VHSIC and SCP, the
indications are the Japanese challenge will be equally strong in the field of
industrial automation.

The three programmes we have described undoubtedly have given the

military social constituent of microtechnology a renewed leverage to shape its

development. The VHSIC, SCP and ManTech projects embrace almost every

aspect of microtechnology (without taking into account the military involvement
in other major programmes such as the space Shuttle programme of obvious

implications for satellite communications) and their time-span promises the

military an influential presence well into the 1990s. In addition, all these

programmes are presented as leading the renewal of the US economic and

competitive strength in case these galvanizing forces weaken the relative weight
of the military, as happened in the early 1970s when in the aftermath of the

Apollo Program, the Vietnam defeat and the economic crisis, the military were

left with no rallying cry to safeguard their interests. Today, VHSIC, SCP, and
ManTech are both military and economic programmes and their scale and
duration almost guarantee the military spinoff mechanism becoming once again an
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important aspect in the development of the US microtechnology. It is in this
context, that we have to evaluate the likely impact of the latest military
initiative, the Strategic Defense Initiative (SDI), first announced in 1983 and

popularly known as "Star Wars", since it is quite clear from its technical
objectives that it will ensure the government-military constituents the role of
driving force in the development of US microtechnology well into the 21st
century. Let us briefly see the description of SDI given by G. Yonas, chief
scientist for SDI.

The programme is envisaged in four phases of which the first phase, from
now until the early 1990s, will be devoted to research (118). No system has
been decided yet and this is precisely the broad aim of the research period.
Nevertheless, four major elements have been identified as crucial in any SDI

system. These are a) surveillance, acquisition, trading and kill assessment; b)
interception and destruction; c) battle management; d) Survivability, lethality
and key technologies. All these elements rely heavily on microtechnology and
are bound to impose very exacting demands upon its development, incorporating
and taking even further the advances of VHSIC and SCP. Surveillance, for
instance, will depend on advances in sensor technology, computers and the

computer software to process the data generated. Interception will demand low-
mass guidance and control systems for projectiles, capable of surviving initial
acceleration for example. But it is perhaps in the third element, battle

management, where the most exacting demands will be met. For, what is

actually envisaged here is the integration of multiple layers of defensive
weapons into a highly reliable and fault-tolerant system. In Yonas' words, this

"...will require high-performance computers, sophisticated software and
adaptable communications networks far beyond existing capabilities.
The system will need to track tens of thousands of objects, from
launch to destruction, and allocate defense weapons most efficiently.
This defense system will require a network of space-based computers
capable of performing millions of operations per second, surviving
virtually maintenance-free for years in space and adapting to flaws
and failures within the network. Equally exacting will be the
requirements for software. Programs must be written and tested
exhaustively to make sure that they are free from errors. In fact, the
job of producing the necessary software may have to be done by
advanced computers which would mean developing computer-controlled
programming and debugging." (Yonas,1985,p.3l). (119)

(118) The second phase will be devoted to systems development, the third is one of gradual
and sequential deployment and the fourth will be reached when ballistic missile defenses are

fully in place. Offensive missiles are expected to be negotiated to a minimal amount.
(119) For another explanation of the technical demands involved in the realization of SDI,
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As we can see, therefore, programmes such as VHSIC and SCP seem to be
just mere preparations for SDI and the military shaping of the microtechnology
well into the 21st century. Thus although from many quarters a great deal of
skepticism has been expressed about the technical feasibility and strategic wisdom
of SDI goals, particularly as regards its software (120), the funding for research
for the year 1985 was about $1.3 billion and is expected to increase to almost
$3.7 billion in 1986 and for the first five years of the exploratory research

programme the budget requested is $26 billion [von Hippel(l985), Brown(1985)].
In the medium term, it may even grow to consume up to a fifth of US defense
R&D funding (MacKenzie,1985). As for the total cost of the SDI system, it
has been estimated at around $800 billion, that is, as it has been compared, it is
like "adding another Navy to the budget" (Adam and Fischetti,1985). Tables
3.18a and 3.18b give an outline of the policy arguments in favour and opposed
to pursuing SDI. In the meantime, the military-government-capital-science social
constituency is already shaping up behind SDI as the DoD and the Department
of Energy are providing special funds to "stimulate the widest involvement of
technical talent within government, industry and universities" (Yonas,1985,p.32).
As a result, some large corporations such as Lockheed, GE and RCA have

already formed special SDI divisions or named vice presidents to preside over

SDI work while, the three national weapons laboratory -Los Alamos, Sandia and
Lawrence Livermore- have accelerated their research (Adam and Fischetti,1985).

What is actually taking place at this very moment has been clearly expressed

by Brown (1985). In his view,

"At the moment little exists in the Star Wars program except some
limited research and development activities...But I suspect that what
we are seeing is the tip of the iceberg. The scientific-military-industrial
community has sniffed the air, has smelled the billions of dollars
which are potentially available, and has started to plan programs and
write project proposals" (Brown,p.3).

A military galvanized social constituency, therefore, look set to have a

long-term impact on the development of microtechnology in the US. However,
this is not the 1950s and everything is not as consistent as the government-

military social constituents would like it to be. Indeed, for many, under the

present circumstances of strong international economic competition, the renewed

military drive has been cause for great concern. As MacKenzie (1985) explains,

see Adam and Wallich (1985) and Fischetti (1985).
(120) See Panofsky (1985), Mackenzie(l985), von Hippel(l985), Lin(l985), Lamb(l985),
March(l985), Aftergood (1986) and for an overview of both sides of the argument Adam
and Horgan (1985).
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"

One great American fear is that while engrossed in its military role
as a superpower, economic and technological leadership may quietly
slip away to Japan...Precisely because military and civil technologies
have to a degree diverged, a militarily obsessed America might be a
poor commercial rival to a competition-oriented Japan"
(MacKenzie.1985,pp.10-11).

Given the early stages of this process, however, the impact of the military
on the US microtechnological strength vis-a-vis its competitors is not at all
clear, and there are conflicting views about what is actually taking place. The
semiconductor industry in particular has become the focus of much of the

argument, chiefly, because of its strategic importance (121) and increasing

Japanese presence, although the situation as regards the Fifth Generation

Computer follows very much a similar pattern. Thus, on the one hand, one

finds those views which stress the divergent character of the military and the
commercial lines of development. These views rest primarily on the fact that, in

practice, many of the microcircuits the military are looking for have relatively
few civilian applications [ Aviation Week & Space Technologyi 1981), Fegurson
(1983), Sumney(l980)]. This has led some semiconductor firms to express their
concern that the VHSIC program will divert scarce resources away from civilian
efforts, especially R&D, thus retarding technological progress for commercial

purposes [Botkin et al(1982), De Grasse(1984), Mowery(1983)] (122). For, as

Borrus et al (1982) points out, competitive civilian development will not emerge

in some automatic fashion from defense expenditure (123). In late-1984, a report

(121) "Because the products of this industry are the crucial intermediate inputs of all final
electronics systems, competition in the semiconductor industry will be at the center of
competition in all industries which incorporate electronics into their products and production
processes—The semiconductor industry is therefore strategically vital to the future growth of
knowledge-intensive industrial development within the U.S. economy. For the foreseeable
future the relative economic strength of all advanced industrial economies will rest in part
on their capacity to develop and apply semiconductor technology to product design and
production processes. Thus the loss of leadership in this one industry would mean the loss
of international competitiveness in many of the advanced technology sectors that have been
the basis of a U.S. advantage since the Second World War" (Borrus et al,1982,pp.l-2)
(122) "Contractors and subcontractors alike expect to switch their best engineering talent to
the VHSIC project because it requires the most advanced skills...The most immediate impact
will be to leave potentially large vacuums in nonmilitary research efforts, especially at
highly experienced scientific levels. Yet it is precisely those skilled mature engineers who are
most difficult to find and that industry most needs" (Botkin et al,1982,p.78). The same

concern is raised by Weizenbaum (1985) as regards the impact of SDI on the field of AI.
(123) This judgement is supported, for instance, by the following Utterback and Murray's
conclusion concerning the electronics industry, "...Major advances in semiconductor technology
have with few exceptions been developed and patented by firms or individuals without
government research fundings. Far fewer patents have resulted from defense supported R &
D than from commercially funded R&D, and a far smaller proportion of those which
have resulted from defense support have had any commercial use. Few examples can be
cited of systems or equipment designed for defense purposes and later directly transferred to
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on VHSIC gave much support to these views by suggesting that,

"Contrary to the expectations of many companies participating in the
Very High Speed Integrated Circuits program, speeding the pace of
semiconductor efforts and, hence, commercial spinoffs, are apparently
not central to the Defense Department project...export and national-
security restrictions, a structural bias against innovative smaller firms,
and a military-systems requirement working at cross purposes with
merchant's needs will severely limit the commercial benefits derived
from the $680 million program" (Leopold,1984,p.60).

The fear, therefore, has been that VHSIC would handicap US firms in

competition with the Japanese for the leadership in VLSI technology
(Levin, 1982a). And if one considers that the Japanese have been making

important strides in semiconductor technology and have already overtaken the
US in some key areas of VLSI, these fears are very justified indeed. Figure 3.8
illustrates how a 5-year lag regarding the transistor in 1948 had been
transformed in a 1-year lead regarding 256K RAM memory in 1982. The same

figure also illustrates that this success has been very much the result of long-
term government programmes spearheaded by the Ministry of Trade and

Industry (MITI) and aimed at developing the Japanese semiconductor industry in
the direction of commercial markets and international competition (124). Below
we shall deal with the Japanese electronics industry in detail, what interests us

here is to stress that the Japanese social constituency of microelectronics

technology has no appreciable military component and, thereby, has consistently
concentrated the bulk of its efforts on the commercial development of the

technology (125). Figure 3.9 shows the organization of Japan's VLSI project and

commercial use. Those transfer which have occurred, for example of navigational radar, have
required essentially new designs for commercial applications" (Ufterback and
Murray,1977,p.2).
(124) Details of the Japanese strategy are discussed by Borrus et al (1983), De Grasse
(1984), Sigurdson (1983), basically in relation to the technical-economic context of Japan.
More broadly, some commentators have drawn attention to the fact that, alongside the
techno-economic and policy factors, cultural factors such as Japan's capacity for relatively
rapid social organizational adaptations also play an important part (Freeman et al,1982). In a
recent paper. Freeman (1985) has argued that changes in world technological leadership are
associated with the emergence of new technological paradigms and the associated changes in
industrial structure; and that it has been Japan who has shown most clearly the capacity to
exploit the new information paradigm. For a characterization of the techno-economic
paradigm based on microelectronics, see Perez (1985).
(125) This is not to say that the Japanese electronics industry, particularly the large
corporations dominating it, do not indulge in military projects. They do but so far nothing
like in the scale of the military involvement of the US industry. Berger (1985) provides an
idea of Japan's military programmes and the companies which are working on them.
According to this author, the Japanese who have spent a yearly average of $300 million to
$400 million on US military equipment over the last five years, may now preparing
themselves to become a force in the international military market as well. He quotes a
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Figure 3.9.- Goveraaent-Capital-Science Constituents
Bebind the Japanese VLSI Project.

Source.- UNIDO BCSB (1985), p.18.
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the way in which the specific government, corporate capital and science
constituents have interlinked with each other behind the development of the
VLSI technology. It is in this context that the US divergence of resources

towards military ends and its associated regression towards the military spin-offs
is perceived as harmful. Thus, the "potential commercial spin-off of the

program [VHSIC A.M.], primarily in the high-resolution technology, is not

thought to be worth the effort. Such technologies are being developed by

industry anyway, and a better way of spending money would be in research on

VLSI system design" (Hazewindus,1982,p.l45). Indeed, after some years of the
VHSIC programme running, a 1984 study claims that the commercial sector is in
fact keeping pace with the military as much in miniaturization as in computer-

aided design and engineering (Leopold,1984). As a more fruitful alternative for
commercial purposes, the suggestion has been made that a major programme

similar to VHSIC might be supported by the government on the basis of civilian

pursuits directly benefiting the competitive strength of the US semiconductor

industry (Borrus et al,1982). However, under the present circumstances this is

unlikely to happen, at least as long as the galvanizing pressures of war

reproduce for the military the renewed leverage they now possess within the
social constituency of microtechnology.

On the other side of the fence, the VHSIC and the re-emergence of the

military as a major force in the development of microelectronics has been
welcomed as an important contribution to the strengthening of the US
semiconductor industry. Indeed, given the participation of industry and

university shown in tables 3.16 and 3.17, many companies appear to believe so,

and particularly large corporate capital leading the teams' work. As a report has

put it, "...Close alignment of the semiconductor industry's technology goals with
those of the defense community for the first time in more than a decade has

generated strong support among the components suppliers for the Defense

Department (VHSIC) program" ( Aviation Week & Space Technology, 1981,p.77).
The reason seems to be threefold. First, the military is providing important

development funds; secondly, the military market look like growing in

importance as the VHSIC program aims for a class of semiconductor products
that will enjoy high usage throughout the defense-systems realm; and, thirdly,
the VHSIC products largely will be based on the same technologies that the
semiconductor companies already are exploring [(ibid.). Electronics (1978)]. In

Japanese executive as saying, "...The question is no longer whether Japan will become in the
international military market, but when" (Berger,1985,p.34).
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other words, what for the critics of VHSIC is at odds with the current needs

of the industry, for its supporters is a perfectly complementary development. As
Levin (1982a) has argued, the "fears seem to have been misplaced, as industry

participants have come to recognize the substantial complementarity between
VHSIC and commercial VLSI objectives" (Levin,p.50) (126). In addition, unlike
the case of SCP, it is argued that VHSIC is not the direct response to the

Japanese VLSI programme. For the latter, US firms seek more direct policy
assistance from the government. For instance, the 1981 legislative program of
the Semiconductor Industry Association (SIA) has three major components: tax

incentives for R & D expenditures; access to the Japanese domestic market via
the relaxation of tariffs and controls on direct investment; and support for

engineering education [(ibid.), Borrus et al(l982)]. In this sense, VHSIC is merely

providing an indirect stimulus to US companies in competition with the Japanese
to

,

to the extent that it is an incentive*" the companies own technical programmes.

In fact, as the program has got under way, reports suggest that "there is
widespread agreement among companies involved in the program that it has
accelerated their previous corporate timetables by at least two or three years" (
Aviation Week & Space Technology, 1981,p.52). See also Iversen (1985).

Therefore, as commercial spillover is considered to be occurring and in the
absence of any alternative programme of the same magnitude which would
enable to compare VHSIC relative benefits, it seems clear that the military are

poised to influence the development of microelectronics for some time to come.

The real test for the US semiconductor industry, however, will not be in
relation to itself but in relation to the international competition and,

particularly, its ability to counteract the challenge of the Japanese social

constituency. In this respect, it is good to put into perspective the volume of
the VHSIC funds for R & D in microelectronics as compared with the volume
of the industry's own effort and the Japanese efforts. Figure 3.10 shows the
situation for the year 1979. As we can see, the funds from the DoD were less
than 15 % of the funds provided by the US industry for R & D in
microelectronics. However, if we consider that VHSIC aimed at ensuring at

least a similar amount from industry for its purposes, then the funds devoted

(126) In fundamentals, the same argument prevails as regards SCP and the benefits of the
increased research funds for computers and AI. The fact that much of the research will be
of a generic nature is seen as enabling the US to maintain its position, particularly in AI,
while civilian spillovers will help to counteract the Japanese challenge. For instance, "...The
same technology that can be used to simulate an antitank missile smashing into a heavily
armoured tank can also be put top work on less martial arts" (Marbarch et al,1985,p.65).
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to the program become approximately one-third of the industry's support for
microelectronics R & D. On the other hand, the Japanese devote less R&D
funds in absolute terms but not only these funds are concentrated on the
commercial market, also, they represent a much larger proportion of the

industry's sales, 13 % as compared with 5.8 % for the US industry, thus

showing the crucial importance the Japanese attach to microelectronics R&D
in the battle for the leadership of the industry. Only time will tell the result
of these processes, in the meanwhile, we can only note that according to figure
3.8, since 1978, the year of the announcement of VHSIC, to 1982, the Japanese
lead in RAM memory had increased from 3 months to 1 year (127) and, as we

shall see later on, it estimated that Japan will become the dominant force in the
semiconductor market in the future.

Finally, we cannot close our discussion of the impact of the renewed

leverage of the military within the social constituency of the microtechnology
without touching upon certain issues certainly related to, but of wider social

implications than, the economic battle for the leadership in the market place. In
this respect, serious concerns have been expressed about the overall social impact
of the military attempt at directing the development of microtechnology for
their own purposes. One of the main concerns relates to the military tendency
to impose security regulations on the R&D work carried out by industry and

university. For instance, foreign researchers are expected to be excluded from the

projects of military interests and the flow of information restricted

[Hazewindus(l982), Dickson(l984)]. This has been cause for some friction among

the social constituents because such measures blatantly contradict the normal
academic practice on one hand, and may inhibit industrial innovation and

competitiveness on the other. Originally, the issue centered arowA university
research in cryptography but just a cursory look at the DoD's "list

(127) Similarly, in the field of computers, in 1982 the Japanese companies Fujitsu, Hitachi
and NEC announced supercomputers faster than the most powerful American machines at
the time in the market, the Cray X-MP and Control Data's Cyber 205 (Marbarch et
al,1985). Here, however, as we shall see later on, US supremacy is very strong with IBM
clearly dominating the world market. In terms of R & D, IBM alone had an annual budget
of $1.5 billion in 1982. Of course, only a limited portion of this budget actually goes for
long-term research projects. In contrast, the MOT's budget for the long-term Fifth Generation
Project has been announced at $450 million for a ten-year period and matching funds from
participating companies will take it up to $850 million (Feigenbaum and McCormack,1983).
In turn, DARPA's budget for the US response to the Fifth Generation Project, SCP, started
with $600 million for the first five years of the 10-years period envisaged for the plan.
Thus, in absolute terms, the Japanese are certainly spending less than the US in computer R
& D. Just like with microelectronics, however, the impact of research expenditures is bound
to depend on the direction of its channelling.
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of critical technologies whose acquisition by potential adversaries would be
detrimental to national security" ( Federal Register, 1980,p.65014) is enough to

illustrate to what extent the military consider the whole of microtechnology an

area of national security. Of seventeen entries in the list fourteen can be said to

pertain to the microtechnology field. Such military interest in microtechnology
and the attempt to enforce controls upon its diffusion has meant, for instance,
that Cornell University has withdrawn from VHSIC as a result of secrecy

moves related to the third phase of the programme and which were perceived as

patently damaging for university research in microelectronics (Botkin et al,1982).
For similar reasons, the Department of Commerce has clashed with DoD due to
the latter's control on the export of about 10,000 products "simply because they
have embedded microprocessors" ( Electronics News, 7 March 1983,p.6). It is

argued that many of these products are freely available in the worldmarket sc

that unilateral export controls on them can only harm the competitiveness of US
exporters in the fierce global competition (ibid.). These moves have helped the
critics of the military spin-off argument to reinforce their case greatly. Robert
Noyce, for instance, has pointed out that VHSIC "was originally justified on the
basis that it would have commercial potential and benefit. But right now the
Defense Department is trying to classify the whole thing. The military tends to

go its own path instead of reinforcing the commercial activities" (Quoted by
Adam and Horgan,1985,p.62). And the same problem exists as regards the
commercial potential of SDI as the rules restricting exports of high technology
are bound to include SDI technology. Indeed, in a clear show of military
appetite for control, "...These rules have been expanded recently to include not

only weapons but also fundamental technologies with no proven military

application" (ibid.,p.63).

Another major concern expressed by some analysts relates to the impact of
ManTech on the labour structure of the US. All ManTech projects are aimed at

reducing the need for skilled labour and are bound to result in a net loss of
jobs (Tirman,1984). Yet the military has paid no attention to this issue as in
the search for control and automation labour has had virtually no say about the

philosophy or design of the manufacturing technology programs [Noble(l984), De
Grasse(1984)]. How many jobs?. What will they be like?. Are the technologies

really more productive? If so, productivity for whom?, asks Schlesinger (1984).
No answer to this question has come from the military although they seek
credit for leading the ^industrialization of the US.
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From a politico-military point of view, the military programs, in particular
SDI, have been criticized for contributing to the arms race [Brown(1985),
Panofsky(1985), von Hippel(1985)]. In addition, for Tucker (1985), SCP will
enhance the possibilities of US military intervention in the Third World as the
robots replace the soldier and the human casualties appear more acceptable. All
in all, it seems plausible to conclude that the military effort to gain control of
microtechnology for their own purposes is shaping its development towards paths
of wide social, economic, political and cultural implications both at national and
international levels. Yet in pursuit of their own interests, this huge

responsibility does not seem to deter the interlocking interests of the postwar

social complex from pushing forward the developments we have described above.
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3.5.3. Convergence of Signal Systems and Convergence of Capital
in the Electronics Industry

The technological characteristics of this process have been dealt with in

Chapter II. What concerns us here is the process of convergence of industries
which has developed out of the growing convergence of signal systems on the
one hand, and the expansion of large corporate capital from other industrial
sectors into the electronics industry on the other. In relation to the first

process, it is possible to identify two levels.

i) the convergence between the industries directly involved in the

production of signal systems, that is, within the electronics industry itself, and

ii) the convergence between the industries directly applying or most certain
to be affected by the expanding capabilities of signal systems in the processing
of both real-time and symbolic data.

As to the convergence within the electronics industry, one may say that it
has followed closely that of the technology. Thus, when the microprocessor
transformed computer power into an electronic component, then the limits of
what had been the province of the computer industry inevitably began to blur,
at least at the lower end occupied by microcomputer and minicomputer systems.

Robinson (1980) has described the evolution of component manufacturers since
the days of the transistor.

"In the days of discrete transistors, components manufacturers made
transistors, while someone else designed circuits for specific uses. As
integrated circuits became more complex, components manufacturers
became circuit designers as well as part makers...But today's most
sophisticated microprocessors are as powerful as minicomputers, and
chips yet more powerful are in the drawing boards...components
manufacturers are now makers of computer systems and must provide
the same kind of software support long characteristic of large
computer companies" (Robinson,p.483).

Thus, semiconductor processing, systems design and software development
have converged into the semiconductor industry in a process which since the late
1970s has clearly reshaped the industry. In effect, following the escalation of

resource-requirements (128) and, consequently, costs in a context of growing

Japanese competition, US semiconductor companies were compelled to adopt a

strategy of vertical integration into the equipment and end-product market,

(128) For instance, in 1980, more than half of the development time for the newest
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mainly computers and consumer products [Hazewindus(l982), Mowery(l983)]. In
the latter market, for instance, companies such as TI and National Semiconductor
moved into calculators and watches realizing that it was more profitable to use

their own chips for making the whole products. Most importantly, however,
semiconductor companies began to invade the computer turf as they "tried to

evolve from just selling bare components to supplying complete systems of chips
mounted on a circuit board and partly programmed for a particular application"
(de Jonquieres,1980,p.ll). Thus, in 1981, Intel introduced a microcomputer on a

board (the 4-3-2) and claimed it to have the power of a small mainframe. In
turn, National semiconductor began to supply Japanese designed computers (de
Jonquieres,1981,p.l7), while TI's long experience in the computer field (129)
clearly interacted with the design of its microprocessors ( The Economist, 8
November 1980). In fact, already in the late 1970s, there were reports of legal
battles between minicomputer and semiconductor companies for alleged invasion
of each other fields. For instance, Fairchild and National Semiconductor had been

sued by Data General and DEC for producing computers emulating the

capabilities of machines from the latter companies ( Business Week, 19 March
1979).

As semiconductor companies integrated forward, however, computer

manufacturers began to integrate backwards, both to counteract the onslaught of
semiconductor companies by producing chips more akin to their needs and, most

particularly, to reduce their dependence upon these companies and thereby,

prevent the possibility of bottlenecks or of being caught in a shortage of chips
which would seriously jeopardize their markets (Lamborghini,1982) (130). Thus,

by the late 1970s, the three largest minicomputer companies, Data General, DEC
and Hewlett Packard had all began to invest heavily in the upgrading of their
semiconductor capabilities ( Business Week, 19 March 1979). On the other hand,
IBM, just like AT & T (the Bell System), has always produced ICs for its
internal consumption, being until recently prevented by regulation from entering
the semiconductor market (131). Of other big computer companies, Honeywell
has also made big investments in semiconductor capabilities (Fegurson,1983)

microprocessor was spent in software (Robinson,1980).
(129) According to Fisher et al (1983), TI has marketed a broad range of computer
equipment since the days of the transistor.
(130) "It is foreseeable that in the next few years large manufacturers using microelectronic
components will find it hard to compete and survive without internally producing such
components (Lamborghini,1982,pp.l34-135).
(131) This situation has now changed with the end of the regulatory controls in the last
two years.
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while NCR, Borroughs and Sperry all have captive production of ICs
(Hazewindus,1982). In all, the convergence of technologies has been largely

responsible for the process of vertical integration between the semiconductor and
the computer industries.

Nowhere has the process of industrial convergence been more dramatically
illustrated than in the convergence of the computer and the telecommunications
industries epitomized in the developing battle of the giants AT & T and IBM.
As one commentator has pointed out,

"For the first time AT & T and IBM, the undisputed champions in
their respective classes, are set to compete in the same league. The
previously rigid barriers between the telecommunications and computer
business have been eroded by technology and by major changes in U.S.
policy, leaving the two giants staring eyeball to eyeball" (de
Jonquieres,1983a,p.22).

In effect, although AT & T and IBM have to a certain extent competed in
the past (132), the regulatory controls (consent decree 1956) around
telecommunications had mostly insulated this field from market competition,

leaving AT & T as the dominant force while preventing it from openly

competing in other fields such as computers. In turn, the computer and electronic
data processing (EDP) fields were unregulated, enabling competition but still with
one clear dominant force: IBM. In terms of market and legislation, therefore,
for years everything seemed to be quite clearcut, "IBM sold computers and AT
& T communications services, and each became a top-ranking customer of the
other. They fought their battles and defended their titles in separate games

played in different boards -IBM in a competitive world, AT & T in a regulated
world" (Johnson,1982,p.25).

In 1982 the 'happy' situation just described came officially to an end as a

settlement providing for the deregulation of the communications field was finally

(132) "Despite the continuing restrictions of its 1956 consent decree... AT & T expanded its
offering of computer-related products and services during 1964-1969. As it had done in the
1950s, AT & T competed in the computer industry in at least two ways in the 1960s. The
first involved Western Electric's manufacture and marketing to the Bell System operating
companies of stored-program-controlled electronic switching and automatic intercept
systems—The second form of competition consisted of A T & T's offering of EDP [electronic
data processing A.M.] products and services to non-Bell customers. While this business was
also a large one, AT & T was restricted in the extent to which it could compete in this
area by its 1956 consent decree. These restrictions did not apply, however, to sales to the
U.S. government, including the military, and AT & T was active in such a sales" (Fisher et
al,1983,pp .279-280).
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agreed. The distinction between voice and data transmission on international
routes has been abolished and this enables AT & T to offer computerized data
services abroad while permitting other companies to enter the international

telephone services (de Jonquieres and Bett,1983). Indeed, AT & T is now free to

enter almost any business it chooses both nationally and internationally (133),
"it can sell as well as lease equipment and to branch out into businesses like
data communication, electronic information processing and office automation"
(ibid..p.l2). And AT & T is moving exactly in that direction. In so doing,
however, the company has set itself into a development course which is bound
to have great implications for the world telecommunications industry as well as

for such industries as computers, consumer electronics and publishing (de
JonquIeres,1982). On the other hand, as AT & T's own turf is now open to

competition, other companies, notably IBM, can now converge into that arena

too. Indeed, the situation is such that the entire area of signal systems has now

become the potential arena for the competing interests of electronic corporate

capital, particularly AT & T and IBM.

Various commentators have looked at the strength, strategies and first
moves of both AT & T and IBM (134) to see who stand the better chances.

The picture which emerge is one of uncertainty as both giants seem to be well-
matched, each having its particular strengths and weaknesses. For instance, after
the break up AT & T's assets amount to $39 billion while IBM's assets are $38
billion (Bylinsky,1984). Both companies spend about $2 billion a year on R &
D and command a broad range of technologies. Bell Labs, however, is stronger
on basic research and IBM is better oriented to the development of broad

product lines [de Jonquieres(1983a), Whitington(l982)]. As a money-raiser, AT &
T is in the strongest position but IBM has the strongest marketing organization
with an integrated worldwide system unmatched by any other company

(Whitington,1982). In terms of strategy, both companies emphasize that they are

not going to a head on collision, but AT & T has already made it clear that it

expects to emerge "near the top in computers in the late 1980s"
(Bylinsky,1984,p.50) (135). AT & T counts on its UNIX operating system

(133) Among the important provisions of the 1982 settlement, AT & T agreed to divest
itself of its local operating companies early in 1984. In exchange, apart from the freedom to
compete, AT & T was allowed to retain almost intact Bell Labs, its lucrative Long Lines
division and its manufacturing arm Western Electric (de Jonquieres and Bett,1983).
(134) See Datamation ( July 1982) special issue on IBM v/s AT & T, Foreinski (1984),
Bylinsky (1984), Kirkland (1984), de Jonquieres (1983a), Kozma (1985). For the position
and the competitive strategies of the two companies under the regulated period see Anderson
(1977), Farber and Baran (1977).
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(software) as the main lever in its plan to create a huge new computer business

(ibid.) and is building a nationwide system, the Advanced Communications
System (ACS), which will 'translate' between different makes of computers (136)
while planning to sell a range of small computers and terminals which can

handle both data and voice communications (de Jonquieres,1983a). In pursuing
this strategy, however, AT & T aims "not to be just another computer company

but to use computers to complement the other communications services" it offers

(Kozraa,1985,p.27). This strategy seems to be paying off as recently AT & T has
won a major contract from the National Security Agency for supplying a

network of 325 UNIX-based 32-bit minicomputers. On the basis of this contract

which is said to be well over $1 billion, AT & T has already joined the ranks
of the major computer vendors in the US. (ibid.). In turn, IBM is also

developing integrated voice and data work stations and has moved into
telecommunications through the development of new private branch exchanges
(PBXs) and through its investment in MCI Communications Corp. which is seen

as "an offensive strategy to strengthen the only viable competitor to AT & T's
communications business" (Kozma,1985,p.29) (137). Apart from this, IBM has
also began to use UNIX in an attempt to coopt it (ibid.). In addition, in

pursuing their strategies, both companies are actually moving towards the goal
of office automation, with AT & T planning to use its ACS as the core of such
a development [Wohl(l982), de Jonquieres(l982)]. On its part, IBM also has big
stakes in factory and banking automation having recently become the leader of
the CAD/CAM market (Snoddy,1985) while being second in the league of
automated telling machine manufacturers (Bessant,1984). In sum, it is far too

early to say what will happen in the confrontation between these two giant

corporations. Hence, we can only echo Fishman's words, "...The battle for control

(135) According to Kirland (1984), "...while AT & T mounts a risky and expensive attack
on IBM's home ground -computer hardware and software- IBM will mostly avoid frontal
assaults on markets dominated by the likes of AT & T, GTE, ITT, Northern Telecom and
the regional Bell operating companies" (Kirland,p.37).
(136) Both the UNIX operating system and the ACS were developed in the late 1970s as
AT & T saw the need to strengthen its computing capabilities for the coming competition.
See Fisher et al (1983) and also Fishman (1981).
(137) The investment in MCI Communications Corp. is a recent move by IBM. Before that
the company had a stake in Satellite Business Systems (SBS), an advanced satellite
communications network for private-line service via small antennas right on the customer
roofs. The SBS venture was announced in 1974 when IBM also saw the need to expand into
telecommunications [see Fishman(l98l) and Anderson(l977)]. As part of the recent move,

however, IBM sold its stake at SBS to MCI Communications while investing in the latter
company. According to an observer, "...By investing in MCI and making it more viable,
IBM's goal is to cut into AT & T's resources from selling services, so AT & T can't use
those resources to help fund its attempts in the computer business" (Kozma,1985,p.29).

- 252 -



remains. The only thing certain about its outcome is its uncertainty: despite the
wealth of forecast, it is difficult to know what the market will look like in

five, ten or twenty years" (Fishman,1981,p.318). In this context only one thing
seems to be clearer, namely, that given the systemic convergence of signal
systems, in the long-run, the partial battles just gathering momentum are but
the first manifestations of "a struggle between the giant electronic corporations
for control of the 'information structure'" (Webster and Robin,1979,p.297). And
in this battle, IBM and AT & T, although the most powerful corporations, will
not contend alone. Other companies are already joining battlefield as the

technologies converge and as even industrial interests previously unrelated to the
electronic field are being forced into it either to protect their businesses from the

pervasive impact of electronics or to gain a stake in the growing electronic
market which is expected to reach approximately $800 billion by the end of the
1980s (de Jonquieres,1980a).

In effect, within the electronic field itself, companies other than IBM and
AT & T are gearing themselves up to secure a place in the convergent

electronics markets. In data transmission, for instance, Xerox, ITT and four

value-added common carriers (138) (i.e., companies which provide enhanced
services through the existing telephone network) which are themselves part of
companies offering telecommunications and computer services, are already in

competition. In the PBXs market, participants include telecommunications

companies such as US's GTE and Rolrn and Canada's largest telecommunications
manufacturer Northern Telecom and Mitel a PBX's manufacturer. Computer
companies, Honeywell and Datapoint have entered this field too. The market for
satellite communications is another area in which important electronics companies
are competing, particularly, RCA, GTE and Fairchild. The latter together with
Continental Telephone, a major independent telephone company operating in the
US and Canada, owns American Satellite Corporation which is, in turn, linked
with Western Union's Westar Satellite System (de Jonquieres,1982). In the
electronic mail market, ITT and GTE are already contending with their

computer mail-box services while MCI Communications, the long-distance

telephone company, has recently moved into it in a big way (Louis,1984). The
office automation market has attracted such electronics names as Xerox,

(138) These are Telenet, a subsidiary of General Telephone and Electronics (GTE) the biggest
of the independent US telephone companies; Tymnet, part of Tymshare a computer service
house; Graphnet, part of Graphic Scanning a data communication company; and Uninet, part
of United telecommunications the second largest US independent telephone company [de
Jonquieres(l982), Webster and Robin(l979)].
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Burroughs and Philips and as we shall see, is one of the areas where non-

electronics giants are also converging. In all, it seems clear that a number of
companies are set to play their part along with the main contenders, IBM and
AT & T, in the struggle for the control of the markets growing out of the

systemic convergence of computers and telecommunications and, indeed, of the
area of signal systems as a whole.

As we have distinguished at the beginning of the present discussion,
however, the electronics-based convergence of industries does not end within the
limits of the electronics industry. As the converging technologies spread
themselves throughout the technical base of society, those industries directly
related or most certain to be affected by the expanding capabilities of signal

systems are also been dragged into the electronics web in order to protect their
businesses and/or simply to take advantage of the broad range of available
opportunities. Among these industries the most conspicuous are the aerospace, the

print and the mail industries [de Sola Pool(l983), Brock(l98l), Irving and
Johnson(1977)]. In aerospace, for instance, those firms with satellite expertise
have seen satellite communications as a natural extension of their operations.
Thus, along with the electronics companies we have seen above, both Hughes
Aircraft and Lockheed have also converged into this market (Brock,1981). As

regards the print industry, since electronics has erased the barriers protecting

publishers and newspapers, electronics companies offering media services have
been invading this field. AT & T, for instance, has been taken to court by a

group of newspapers to prevent it from publishing informative kinds of
electronic yellow pages (de Sola Pool,1983). In mail, the arrival of electronic
mail is bringing the postal service into direct competition with communications

companies. Above we saw that various electronics companies are competing in
the electronic mail market. The US Postal Service (USPS) attempted to enter the
market in 1978 through a contract with Western Union for joint provision of
Electronic Computer Originated Mail (ECOM). But, after considerable controversy

involving even the Federal Communications Commission (FCC) and the Postal
Rate Commission (PRC), ECOM was eventually withdrawn from the market

[Brock(1981), Louis(1984)].

Finally, as we also distinguished at the beginning of this section, there are

a number of huge non-electronics corporations from fields such as oil, engineering
and the car industry who are converging into the electronics field to satisfy the

changing needs of their own technologies (139) but, most importantly, to gain a
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major stake in the growing electronics market, particularly in such demanding
areas as office and factory automation. The most conspicuous cases are those of
Exxon, the US largest industrial firm, GE, the US largest engineering firm, and,
more recently, GM, the US largest car manufacturer. But other big corporations
are in the race too. Thus AM international Inc. acquired about a dozen

companies to enter information processing, Eastman Kodak and 3M are working
in office automation and various oil companies -Sun, Standard Oil (Indiana) and
Gulf- have moved into word processing [McCartney(1978), Louis(1984), Business
Week( 16 July 1984a)].

The scale of Exxon's, GE's and GM's efforts, however, is enormous and has

entailed the acquisition of many electronics companies as a recognition of their

insufficiency of basic resources in the field. Exxon, for instance, has entered into

chips and microcomputers, communications and terminal products, graphics and
other intelligent terminals, facsimile transmission equipment, semiconductor laser

products for computers, and also it is involved in speech recognition equipment
for voice input and voice response for computer data entry, information retrieval
and telephone network applications [Fisher et al(l983), McCartney(l978)]. In
total, Exxon acquired about 15 companies to form its Information Systems

Group, a system which when effectively integrated may take the company to
become one of the leading suppliers of EDP products and services. In turn, GE
is already offering an electronic mail service (Louis,1984) and is "aiming to

become the major US supplier of automated 'factories of the future'"
(Kaplinsky,1984,p.3), a market being contested by Westinghouse and IBM, the
current leader in CAD/CAM, and, more recently, by the computer company

Sperry (Charlish,1985). As a result, GE has gained and/or improved its foothold
in microelectronics, CAD/CAM, robotics, numerical controls and also in computer

services were it is aiming to become the largest computer service firm in the
world (Kaplinsky.1984). Finally, as regards GM, its big move into the
electronics industry took place in 1984 when the company agreed to lay out

$2.5 billion to buy Electronic Data Systems Corporation. The latter company

will form the cornerstone of a GM information processing company together
with an AI company and a quality consulting group where GM has acquired

strategic stakes ( Business Week, 16 July 1984a).

(139) Ford Motor Co., for instance, has its own microelectronics center -Ford
Microelectronics Inc.- to stay ahead in the race to use automotive semiconductor (
Electronics, 26 January 1984).
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It is possible to see. therefore, that the convergence of signal systems and
their spread throughout the technical base of society has underpinned a major
process of convergence of previously separate industrial interests. As a result,
the area of signal systems as a whole has become the arena for a major struggle
as corporate capital from within and outside the traditional electronics industry
strive to gain control over its development. The outcome of this process will

depend upon many factors and, as we shall see below, it will not be decided
within the confines of any one nation: the struggle will be global on scale.

3.5.4. Electronics Competition on a Global Scale. Oligopolistic
Market Concentration and National and International

Coalitions Between Corporate Capitals

As we saw in Chapter II, in all areas of signal systems technology has
been making rapid advances and pushing forward into ever more complex levels
of undertaking. The synergistic effect of the convergent technologies upon each
other, the competitive thrust particularly of the microelectronics industry and
the exacting demands of the military, have been clearly behind this development.
In addition, as different industries have began to converge and their areas of
operation are being blurred all the time, we have seen in the previous section
that all sort of companies are being forced into expansion and diversification of
their technological capabilities in order to protect, improve or gain positions in
the rapidly growing electronics market. As a result, for most companies

resource-requirements have increased markedly with a short time-span for return

on investment: a process which, in turn, has led to major increases in the
barriers to enter the main electronics markets as high R&D expenditures,

large-scale economies and a worldwide market have become crucial characteristics
of the electronics industry (140). as Rada (1980) has argued, "...A characteristic

(140) For the microelectronics industry alone, for instance, "...Increasing IC component
density has been made possible by more complex processing equipment. Process equipment has
become much more expensive as a result of its increasing complexity. Thus, the capital or
fixed costs of IC production have increased substantially—At the same time, most IC prices
have declined almost as fast as costs per unit for the new high capacity plant. The
consequence of these two trends is the necessity for IC companies to operate at very high
volumes. More than ever, high volume are required to amortise higher capital equipment
costs. And if it is to generate products which are competitive with other high-volume
producers, the firm must constantly upgrade its fabrication plant to produce the newer
denser ICs...Historically, this problem has been compounded by rapid technical change which
makes process equipment obsolete and hence further increases capital costs"
(Rosenberg,1980,p.36l). A few figures will confirm this situation. For instance, according to
R. Noyce, competing in VLSI markets "implies the willingness to risk at least $50 million to
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of information technology. whether at a component, computer and
telecommunications level, is that it can only be fully and economically

developed in a world market" (141) This process has been exacerbated by the
growing presence of Europe and Japan in the world and the US markets, most

particularly, the Japanese who have been successfully challenging the US
electronics predominance, thus greatly intensifying competition on a global scale.
As we shall see, the combined effect of ail these processes has been to stimulate
the perennial capitalist tendency towards concentration of capital at both
national and international levels.

Let us see the quantitative picture and trends currently characterizing the
electronics industry. The set of tables from table 3.19 to 3.26 depict the
evolution of the overall and individual markets of the three main world

electronics powers, namely, the US, Western Europe and Japan, for the period
1975-1984. As we can see from table 3.19, the total US, European and Japanese
markets more than double in six years. This means that from 1978 to 1984, as

it is shown in table 3.26, the market expanded at a simple growth rate of more

than 20%. The most important market and clearly one of the most dynamic is
that of data processing which accounted for more than 40 % of the total market
in 1984. Table 3.20 gives the annual growth rates for the different sectors of
the market and shows that the electronic industry and, particularly, the

a $100 million a year in capital, plus another $50 million to a $100 million a year in r + d
cost" (Quoted by Ernst,1981). When one considers that about $5 million was adequate to
start a state-of-the-art microelectronics company in the 1960s (Robinson,1980a), it is possible
to realize how dramatically the barriers to entry have augmented in the IC industry. Now a
wafer facility for a more than $80 million sales volume is seen as a minimum requirement
(Hazewindus,1982) and so is the corresponding volume of business. According to Ernst
(1981), from the mid-1960s till the late 1970s, there was twentifold increase in capital
equipment costs for wafer fabrication. This sort of development has meant that while in
1970-75 approximately 40 cents of investment was needed to obtain a dollar in new sales,
in 1975-80 this increased to 55 cents and, currently, to as much as 70 cents
(Hazewindus,1982). In terms of R & D the figure are equally impressive. Thus in 1978, for
instance, the R&D outlays as percentage of sales was 5.8 foT the semiconductor industry
while the average for the US industry as a whole was only 1.9 %, and even for the high-
technology industries the average was 4.0 % (Ernst,1981). A similar pattern of high barriers
of entry is found in the computer industry where, in 1978, the R&D outlays as a

percentage of sales was 6 % and the capital requirements to enter the mainframe integrated
systems market were estimated at $1 billion in the mid-1970s (Soma,1978). In addition, in
this industry account has to be taken of the fact that IBM, its dominant force, uses
accelerated five year depreciation on electronic switches "which means that it has effectively
written off a computer—in two years" (Anderson,1978,p.93).
(141) "Even the US market is no longer big enough to sustain a fully fledged information
technology industry purely on domestic demand...[This A.M.]...industry is therefore
characterized by its multinational nature as no single economy can sustain a full range of
computer and electronics production " (Duncan,1982,p.93).
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Seetor

1978

1979

1980

1981

1982

1983

est.

Coaponenta

18,5%%

22,506

2%,099

25,213

26,3%0

28,719

31,599

Sealoonductora

8,798

11,506

13,676

12,558

15,216

17,902

21,192

DataProcessing

38,677

%9,230

57,536

70,%83

8%,73%

100,221

121,886

Coaaunlcatlona

12,731

15,77%

15,63%

18,293

21,389

23,768

27,587

TestandMeasuring Equipaent

3,%30

3,9%6

5,170

%,8l6

5,813

6,8%2

8,200

IndustrialElectronic Equlpaent

5,195

6,%5%

8,9%5

9,8%%

12,27%

1%,075

16,153

MedloalEqulpaent
3,398

%,095

%,%%3

5,351

5,976

6,509

7,103

ConauaerElectronics
30,%88

31,779

3%,868

%5,03%

%0,2%8

%3,%6l

%6,233

TOTAL

121,261

1%5,290

16%,371

191,592

211,990

2%1,%97

279,953

Table3.19,-TotalUS,EuropeanandJapanaaaMarketforElaotronloEquipmentandCoaponenta(1978-198%)^* (MilllonaofDollars)

Souroe.-Electronics,3January1980jElaotronloa.13January1981}Electronic*.13January1982;Electronic».13January1983}Elaotronloa.12January198%.i
(1)NotlnoludedIntbatableareAnalyticalInatruaenta,AutoaotlveElaotronioe,PowerSupplleeandLaacr andRelatedEqulpaent.Inaddition,thefiguresfroaon*yeartoanotherfortheeaaeaeotorshould notbetakenaaanexactvariationforthatperiod.AaEleotronloavarna,•Sow*productcategories(havebeenadded,deletedorredefined".



Sector

1978-79

1979-80

1980-81

1981-82

1982-83

1983-8b

Coaponenta

21.b

7.1

7.5

b.5

9.0

10.0

Sealoonductora

30.8

18.9

-8.2

21.2

17.7

18.b

DataProoeaalng

27.3

16.9

22.5

20.2

18.3

21.6

Coaaunlcatlona

23.9

-0.9

17.0

16.9

11.1

16.1

TestandMeasuring Equipaent

15.0

31.0

-6.8

20.7

17.7

19.8

IndustrialElectronic Equlpaent

2b.3

38.6

10,1

2b.7

lb.7

lb.8

MedicalEqulpaent
20.5

8.5

20.b

11.7

8.9

9.1

ConsuaerElectronic*
b.2

9.7

29.2

-10.6

8.0

6.b

TOTALMARKET

19.8

13.1

16.6

10.6

13.9

15.9

Table3.20."AnnualGrowthRate*fortheTotalUS,EuropeanandJapaneaeMarketforElectronicEquipmentandComponent*(1978-I98b).Percentage*.
Source.*Calculationfroatableb.19



Saotor

1978

1979

1980

1981

1982

1983

1986a*t.

Coaponanta

7,982

9,226

10,320

11,286

11,265

12,222

13,516

Saaloonduetor*

3,938

5,037

6,636

6,732

8,626

10,092

12,055

DataProeaaalng

20,606

26,638

33,061

66,312

53,367

63,353

79,000

Coaaunieatlon*

3,531

<1,158

5,700

6,387

8,156

9,582

11,522

T**tandMaaauring Equlpaant

2,277

2,621

3,773

3,166

3,963

6,756

5,857

InduatrlalElaotronlo Equlpaant

1,693

2,413*2*
•6,020

6,168

6,058

7,086

8,363

MadloalEqulpaant
1,781

1,980

2,362

2,989

3,608

3,717

6,113

ConanaarElactronlo*
11,985

11,969

16,831

20,027

16,132

18,152

19,191

TOTAL

53,793

63,922

80,681

99,065

110,933

128,960

153,597

Tabla3.21.-TotalUSNarkatforElactronioEqulpaantandCoaponanta(1978-1986)^ (Million*ofDollar*)
Sonro*,»A*Tabl*6.19 (1)So*not*(l)Intabla6.19(2)Proa1979onward*,figuraa

Equlpnant,



Seetor

1978

1979

1980

1981

1982

1983

198*est.

Coaponanta

6,677

7,595

7,2*0

6,679

7,102

7,*75

8,051

Sealoonduotors

2,528

3,089

2,651

2,292

2,616

2,895

3,*08

DataProcessing

12,117

15,213

15,672

16,093

19,28*

22,185

25,559

Coasranloatlons

6,955

8,668

8,288

9,372

10,510

11,222

12,779

TeatandMeasuring Equipwent

8*6

905

893

965

1,018

1,119

1,261

IndustrialElectronic Equlpaent

2,210

2,608

2,589(2)

2,*85

2,625

2,809

3,017

MadloalEqulpaent
1,1*9

1,55*

1,335

1,372

1,503

1,663

1,756

ConsuaerElectronics
12,*58

13,026

12,358

13,852

1*,701

1*,959

15,823

TOTAL

**,9*0

52,658

51,026

53,108

59,359

6*,327

71,65*

Trtl«3.22.-TotalEuropeanMarketforElectronloEqulpaentandCoaponents(1978-190*)^ (MillionsofDollara)

Source.-Aatable*.19 (1)Seanote(l)IntablaA.19(2)froa1980onwards,figuresIncludeSenleonduetorProductionEqulpaont.



Saotor

1970

1979

1900

1901

1982

1983

190*oat.

Coaponanta

3,885

5,685

6,539

7,250

7,973

9,022

10,032

Saalconductora

2,332

3,380

*,391

3,53*

3,976

*,915

5,729

DataProoaaalng

5,95*

7,379

8,803

10,078

12,103

1*,683

17,327

Coaaaunleatlona

2,2*5

2,9*8

1,6*6

2,53*

2,723

2,96*

3,286

TaatandMeaeurlng Equipment

307

*20

50*

685

852

967

1,082

IndnatrialElectronic Equipment

1,292

1»*33

2,336

3,193(2)
3,591

*,180

*,793

MadloalEquipaant
*68

561

766

990

1,065

1,129

1,23*

ConanaarElaotronlca
6,0*5

6,90*

7,679

11,155

9,*15

10,350

11,219

TOTAL

22,528

20,710

32,66*

39,*19

*1,690

*8,210

5*,702

Table2ll2»*TotalJapaneaeMarkettorEleotronloEquipmentandCowponenta(1978-198*)^.(MilllonaofDoliara)

Source.-Aatabla*.19 (1)Saaaota(1)Intabla*.19 (2)Fron1981onwarda,flgureaIncludeSemiconductorProductionEquipment.



Tear

US

Europe

Japan

Total

Millionsof Dollars

*

Millionsof Dollars

*

Millionsof Dollars

%

1978

53,795

%%.%

%%,9%0

37.1

22,528

18.6

121,261

1979

63,922

%%.o

52,658

36.2

28,710

19.8

1%5,290

1980

80,681

%9.1

51,026

31.0

32,66%

19.9

16%,371

1981

99,065

51.7

53,108

27.7

39,%19

20.6

191,592

1982

110,933

52.3

59,359

28.0

%1,698

19.7

211,990

1985

128,960

53.%

6%,327

26.6

%8,210

20.0

2%1,%97

198%

153,597

5%.9

71,65%

25.6

5%,702

19.5

279,953

Table3.2%.-US,EuropeandJapanjSharesoftheTotalElaotronleaMarket Source.-Aatableb.19



Sactor

US

Europa

Japan

Coaponanta

*2.8

25.5

31.8

Saaiconductora

56.9

16.1

27.0

DataProeeaalng

6A.8

21.0

1*.2

Coaaunicatlona

*1.8

*6,3

11.9

TeatandMeaauring Equipnant

71.*

15.*

13.2

InduatrlalElaotronic Equipnant

51.7

18.7

29.7

MadlcalEqulpaant

57.9

2*.7

17.*

ConaunarElactronlca
*1.5

3*.2

2*.3

TOTALMARKET

5*»•9

25.6

19.5

Tabla3.25.-US,EuropeanandJapanaaaSharaaofth«ElectronleaMarkatbySaotort1W.(Nmntiid),
Sourow.-CalculationfromtablaaA.19,*.21,*.22and*,23,



Sactor

US(*)

Europe(£)
Japan(*)

Total(Jl)

Component*

11.6

3.*

26.*

11.7

Semiconductors

3*.*

5.8

2*.3

23.5

DataProceeding

*7.2

18.5

31.8

35.9

Comaranioatlona

37.7

i*,0

7.7

19.*

TeatandMeasuring Equipment

26.2

8.2

*2.1

23.2

InduatrialElectronic Equipment

65.5

6.1

*2.2

35.2

MedloalEquipment
21.8

8.8

27.3

18.2

ConaumerElectronioa
10.0

*.5

l*.3

8.6

TotalElectronic Market

30.9

9.9

23.8

21.8

Table3.86.-SimpleGrowthRateeforUS,European,JapaneseandTotalMarketeforElaotronloEquipmentandComponents.Period1978-198*.
Source.-Calculationfromtablaa*.19,*.21,*,22and*,25,



semiconductor industry spearheading the microrevolution are not free from
periods of recession. The period 1978-79, for instance, was one of very high
growth for most sectors, the next year, however, there was a slowdown in
growth and the period 1980-81 was particularly bad for the semiconductor
industry with a negative growth of 8.2 9b. More recently, in 1985, the industry
has been hit by its worst recession ever as world-wide sales have fallen by an

unprecedented 17 9o, with an estimated 29 % decline in US sales (Kehoe,1985a).

The overall picture, however, hides the differences in size and dynamism
between the three main electronics powers. This is provided by tables 3.21 to

3.26 where the respective volumes, shares and growth rates of the US, Japanese
and European markets are shown. Thus tables 3.21 to 3.22 give the respective
evolution of the volume of each one of these markets, overall and by sector, in
millions of dollars. Table 3.24 shows the share of the total electronics market

accounted by the US, Europe and Japan respectively. Clearly the most

important market is the US with more than half of the total market. It is also
the most dynamic having increased its share by approximately 10 % in the

period 1978-1984. Europe is the second biggest market with a share of 25.6 %
of the total in 1984 but it is clearly the least dynamic of all, having actually

dropped more than 10 points from a share of 36.6 % in 1978. The Japanese
market with a share of 19.5 % of the total market has increased only by about
1 9c since 1978. It is still third but in 1984 the difference with Europe had
been reduced to only 6 9o. The share of the US, European and Japanese markets

by sector in 1984 is given in table 3.25 wherefrom it is possible to see the

major dominance of the US market for data processing, test and measuring

equipment and semiconductors. The European market is particularly strong in
communications where it accounts for 46 % of the total, while the Japanese
market is particularly strong in components, semiconductors and industrial
electronics equipment. The latter is interesting since, as we shall see below, it is

mostly in the sectors of semiconductors and industrial electronic equipment
where the Japanese challenge to the US electronics industry has been most

impressive, with strong efforts being directed towards the computer market
where the US supremacy is at its strongest (142). Table 3.26 corroborates this

(142) It is a characteristic of the Japanese strategy to build up strong capabilities in targeted
sectors such as semiconductors by using, among other means, an initially protected internal
market as a platform for worldwide competition [Borrus et al(l982), Merrifield(l983),
Schmitt(l984), SIA(l98l), Duncan(l982)]. Clearly in the case of the electronics industry, or
of any industry for that matter, such strategy can work only if the market is big and
dynamic enough so as to permit the formation of a minimum of economies of scale.
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notion by showing the dynamism of the respective US, European and Japanese
markets by sector for the period 1978-1984. As we can see, the simple growth
rate for the Japanese market in semiconductors is the highest while the rate for
industrial electronics was almost equal to that of the US market. The Japanese
market also grew faster in components and test and measuring equipment but
the US market had no parallel in data processing and telecommunications. Apart
from the latter sector, where Japanese growth was the smallest, the growth rate

of the European market lagged far behind in every sector of the market. And
the growth rate for the semiconductors sector was particularly low with only
5.8 %. In fact, if we look at tables 3.21 to 3.23, we can see that it was

Europe's market which suffered the most during the recession which affected this
sector in the early 1980s.

In all, therefore, the US is by far the dominant market with Europe in
second place but losing ground due to its relatively poor dynamic performance.
In contrast to the latter, Japan's market is much more dynamic even growing at

a faster rate than the US's in various sectors. In the crucial sectors of data

processing and telecommunications, the US market is clearly the most dynamic
while the Japanese has grown faster in semiconductors and at about the same

very high rate than the US in industrial electronics.

The quantitative analysis of the growth of the electronics market does not

reveal, however, the answer to the crucial issues of who actually the dominant
and competing forces are and what the degree of concentration and control of
the electronics market is. An insight into such a reality is given in table 3.27

showing the share of the world electronics market by each of the major

competing nations, and tables 3.28 to 3.32 showing the world leading companies
for the crucial sectors of semiconductor and semiconductor equipment, computers,

telecommunications and robots. In addition, figure 3.11 shows the leading
companies for the CAD/CAM market. As it is possible to see, the share of the
world market possessed by the US, Japan and Europe roughly commensurates

with the importance of their own markets. Hence, in 1981, the US had about
half the world market, Japan nearly one-fifth and W. Europe around one-

quarter (143).

(143) Another estimate for the same year put the US's share at 46 %, W. Europe's at 27 %
and Japan's at 16 9b with 'others' at 11 % (Warman,1982).
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Country
Share of
the
Vorldnarket

US *7 %

Japan 19 %

W, Genrany 7 %

France 6 %

Britain 4 %

Other 17 %

Table 3.27.- Share of the Vorld
Electronics Market

by Major Competing Nations (1931).

Source.- The Econoeist (8 Septec-
ber 1984), p.29.
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Ranking
Firms Sales*1)

($ ■)198*» 1985

2 1 NEC 1,950

1 2 TI 1,815

k 3 HItachi 1,750

3 k Motorola 1,650

5 5 Toshiba 1,370

8 6 Fujitsu 950

7 7 Intel 900

6 8 National 890

10 9 Matsushita 870

9 10 Philips*2) 850

Table 3.28.- World'» Top Ten Semiconductor
Manufacturers (19SV1985).

Source.- L. Kehoe (1985), p.15.

(1) Forecast for 1985.
(2) Includes Slgnetics.
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Estimated 1982
Semiconductor

Equipment Sale*
Company ($ Milliona)

Scblumherger (Fairchild Camera) 155
Parkin-Elmer 150
V&rian Associates 100

General Signal (Electron Beam Micro-
fabrication, Tempress, Ultratecb) 100

NEC (Anelva, Kaijo Electric, Ar.do)
(Japan) 95

Applied Materials (Cobilt, GaSonlcs) 90
GCS 70
Canon (Japan) 65
Eaton (D & V, Rasper, Nova, Optlmetrix) 65
Teradyne 65
Fujitsu (Takeda Riken) (Japan) 55
Kullcke & Soffa Industries 55
Advanced Semiconductor Materials

(Netherlands) *5
Shlckava (Japan) 45
Allegheny International (Tbensco) 40

Disco (Japan) 40
Oerllkon Buhrle (Balzers) (Switzerland) 40

Clvac (Japan) 35
Nikon (Japan) 30
Tokyo Electron (Japan) 30
Veeco Instruments 25
Materials Research 20

Toshiba (Tokuda) (Japan) 20

Tyian 20

Bltachi (Kolcusai Electric) 15
TRE (Electromask) 15
Censor (Liechtenstein) 10

Machine Technology 10

Table 3.29.- Leading World Semiconductor Equipment
Companies and Sales: 1982.

Source." K. Rothschild (1983)( p.*.

- 270 -



1984

1914

1914total

Computer

rev*nu«

revenue

RanW

Company

(Sbn)

(Sbn)

1

IBM(U.S.)

4S.9

44.3

7

DigitalEquipmentCorp.(US.)
6.2

6.2

J

BurroughiCorp.(U.S.)

4.9

4.5

4

ControlDataCorp.(U.S.)
S.O

3.7

5

NCRCorp.(U.S.),

4.0

3.7

6

FujitiuLtd.(Japan)

6.S

3.5

7

SprrryCorp.(U.S.)

5.4

3.4

8

Hewlett-PackardCo.(U.S.)
6.3

3.4

9

NECCorp.(Japan)

7.6

2J

10

Sirmen,AG(W.Gtrrnany)
16.0

2J

Souret:
Ostitnition

Table3.30.-World'sTopTenCoaputerManufacturers (19S'i).

Source.-0.deJonquleres(1985),p.18.



Rank

Company

Headquarter*

1983 telecom equipmentisle* (Sbn)

1

ATitTTtchnologiei
U.S.

11.16

2

ITT

U.S.

4.86

3

Siemeni

W,Germany

4.49

4

L,H.Ericiion

Sweden

3.16

5

Alcatel-Thornton

France

2.74

6

NorthernTelecom

Canada

2.66'

7

NEC

Japan

2.4?

8

GTE

U.S.

2.38

9

Motorola

US.

2.31

10

IBM*

US.

1.73

*ExcludingRolm.

Sourc$:
ArthurD.Littlt

Table3,31«-World,«TopTenTelecowntmicationsManu¬ facturers(1983),
Source.-0,deJonquleree(1985),p.18.



Firm

USA*

Europe*/.

World'/.

<*250m>

<*230m)

Unimation

32

24

16

Cincinriati

32

7.4

3

ASEA

—

24

13

Kawasaki

—

-

14

Fariuc

—

—

13

Mitsubishi

—

—

n

a-

Yasukawa

—

—

7

Hitachi

—

—

12

Kuka(FRG)

19.1

DevilDiss(Norway)5
14.1

Other

5

11.4

18

(Sources:CSI) I

Table3.32.-MarketSharesofMajorRobotManufacturers(1981)# Source.-J.Bessant(1984),p.35.
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/*''*//
Figure3,11.-Revenue0andMarketSharesofTopUSCAD/CAMVendors(1985). Source.-0.Charllsh(1985),p.18.



Clearly the US dominance of the industry is quite strong and it would

appear that any challenge will be unlikely to succeed. Looking at tables
3.28 to 3.32, however, we can see that the picture varies from sector to sector

with Japan strongly challenging the US dominance in the fields of
semiconductors and robotics and, as figures 3.12 and 3.13 indicate, in the field
of NC machine tools as well (144). In the field of semiconductors (145), for

instance, in 1984, two US firms were among the three world's leaders of the

industry, but three Japanese companies were among the first five. Most

importantly, the Japanese firms were rapidly gaining ground against the US firms
(146). Thus, only in 1980, National Semiconductor (US) was third in the

league while the value of production of the main Japanese semiconductor firm,
NEC, was only about half that of TI the leading US firm (NEC $769 million

against TI $1,580 million) (Bessant,1984). In 1985, however, NEC has captured
the leadership of the world market and Hitachi has displaced Motorola to the
fourth place in the league. In all, US companies still had more than 50 % of
the worldmarket for semiconductors in 1983 with Japan close to 40 %. But
some observers estimate that by the late 1980s Japanese companies will have

captured 50 % of the market ( Electronics, 9 February 1984) (147). Indeed,

during the current recession, even more pessimistic views have been expressed,

suggesting that if Japan continues to gain ground "the companies that created the
world semiconductor industry will be relegated to the role of chip designers -

no longer playing a principal part in the manufacture of semiconductor devices"

(144) Another area in which the Japanese have become a major force is that of consumer
electronics where they have come to dominate the markets for colour TVs and video
recorders. See Walsh (1977) and Fusfeld (1982).
(145) Because of its strategic importance the US-Japan semiconductor competition has been
the subject of various studies. See Borrus et al 1982), SIA (1981), Robinson (1980b), Walsh
(1982) and Fegurson (1983), NAE/NRC (1984).
(146) In fact, early-1985 estimates were still putting TI and Motorola as occupying the first
and second place in the league of top semiconductor companies ( Electronics Week, 1 January
1985). In the meantime Europe's share of the world semiconductor market fell from 14.6 %
in 1976 to 9.5 % in 1983. ( The Economist, 8 December 1984).
(147) It is important to note that it is in the mass memory market were the Japanese
success has been most outstanding. Thus, in 1981, they captured 70 % of the 64k RAM's
worldmarket ( The Economist, 19 June 1982). On the other hand, in microprocessors, where
there is an important input in software, the Japanese challenge has been less effective. Thus
in 1980, The Economist stated that, "...In microprocessors, the Japanese are not yet
challengers...They lack the software skills. That could change, but not overnight" ( The
Economist, 8 November 1980,p.93). In 1982, however, Newsweek reported "Japan still imports
most of its logic chips -microprocessors- but the overall lead once enjoyed by American
makers has eroded ( Newsweek, 9 August 1982,p.23). And, in 1984, a report on the Japanese
firm NEC put this company second only to Intel (US) in worldwide sales of microprocessors.
NEC also had captured 40 % of the Japanese microprocessors market ( The Economist, 15
December 1984).
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CNCLathea Japan Italy*

—

V.Germany US UK

1

«

Switzerland __
Figure3,12.-RangeofMonthly
ProductionVolunesforCNCLathes(1982-1983).
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NUMERICALLY CONTROLLED
MACHINE TOOL PRODUCTION

Thousand Units/Year

Sources Nikkei. Japan Machine Too! Builders
Association

Figure 3.13»- Evolution of NC
^

Machine Tool Pro¬
duction in Japan (1973-1961),

Source.- J. Abegglen and A. Etorl
(1963), P.J18.
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(Keboe,1985b,p.16). In the strategic sector of semiconductor equipment, however,
US domination of the market is still very large, with 9 out of the top 12

companies being US based in 1982 (table 3.29). The leader Fairchild, however,
was French owned as it had been acquired by Schlumberger in 1979. Three of
the 12 companies were Japanese and their continuous advance was causing some

anxiety to US manufacturers (148). Thus, in 1984, the US's share of the
market for advanced equipment in Japan had dropped to 32 % and 11 Japanese

companies were "establishing beachheads in the US expecting to sell $125 million
of machinery" (Uttal,1984) (149).

In the field of robotics, Japan's position is commanding with five companies
within the world's top ten and with almost 50 % of the worldmarket in 1981.
In this sector, the US had two leading companies in 1981 but, by 1983, some

big corporations were entering the market; among them IBM, United

Technologies, Westinghouse, GM and GE. Most of them entered the robot market

through acquisitions and licencing agreements with established producers. Thus,

Westinghouse acquired Unimation, GM made a licencing agreement with Fanuc

(Japan) and GE obtained licences from both Renault (France) and Volkswagen

(Germany) ( The Economist, 4 June 1983). As we can see from table 3.33, these

moves have already affected the picture of the US robot market. In 1984, the

leadership of the market had fallen to GMF Robotics Corp., the GM-Fanuc joint

company, while Unimation, now Westinghouse Electric/Unimation Inc., had been

displaced to third place. Also, IBM and GE appeared for the first time among

the top 10 robot vendors. Finally, in the world robot market, three European

companies also were among the major robot builders in 1981. Of them, the
Swedish ASEA had the third largest share of the worldmarket together with
Fanuc from Japan (150), both with 10 % of the market.

(148) "This time the Japanese are winning business from U.S. manufacturers of chipmaking
machinery, and more is at stake that the $5.8 billion-a-year semiconductor market. The
country with the best hardware may gain a technological edge in chips" (Uttal,1984,p.58).
(149) According to Inaba (1983), Japanese makers of semiconductor equipment "are gearing
up to do more business in the US not only to increase production of their equipment, but
to obtain technological feedback from U.S. users...So far, the Japanese have a very small
share of the equipment market in the U.S. Nevertheless, they count on equipment that has a

price/performance edge over U.S. equipment to expand their market presence (Inaba,p.10).
(150) Fanuc has as one of its main shareholders Fujitsu Ltd., the leading Japanese computer
company, having developed out of the latter company and established as an independent
company in 1972. Its original name was Fujitsu Fanuc Ltd. but later this became simply
Fanuc Ltd. In 1975, Siemens (Germany) also became a main shareholder of Fanuc as both
companies concluded a mutual assistance agreement ( Introduction to Fanuc, published by the
company, n.d.)
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Conpany

198%

1983

GMFRoboticsCorp.

70

22

CincinnatiMil&cronInc.

63

.51

WestinghouseElectric/UnimationInc.
36

36

Automati*Inc.

32

13

DevilbissCo.

24

21

AieaAB

20

15

IBMCorp.

18

9

GeneralElectricCo.

16.5

11

PrsbRobotsInc

13.5

13.5

Intellede*Inc

10

2

Tabl*3,33.-RatimtvdSalsabyTop10U.S.RobotTondoro(Million*ofDollars)
Soiiroo.-ElectronicsVeek23July198%,p,96.



In numerical control, the Japanese dominance of the world market is

equally strong as it is suggested by figures 3.12 and 3.13. Indeed, as Jacobsson
(1982) describes in relation to flexible NC units.

"In particular, one Japanese producer, Fujitsu Fanuc, which collaborates
with Siemens...in both product development and in marketing, has
acquired acquired around 50 percent of the worldmarket. Thus total
production of NCMTs in 1980 in Japan, United States, Federal
Republic of Germany, France, United Kingdom, Italy and Sweden,
amounted to over 40,000 units, of which the Japanese firm produced
21,000 NC units. Other producers of significance are Siemens, General
Electric and Olivetti as well as a number of machine tool producers
which supply their own NC units" (Jacobsson,p.50) (151).

As we move to process control equipment, however, the situation changes
in favour of the US and European firms. In fact, the Japanese worldmarket
share in this category was only 12.7 % in 1980. The US and European shares
were 43.3 % and 29.3 % respectively. In addition, 12 US and European

companies with annual sales ranging from $200 to $750 million controlled 62 %
of the worldmarket while only three Japanese firms, all with technical links
with firms in OECD countries, were in competition with sales of about $200 to

$300 million each (Jacobsson,1982).

In the software-intensive CAD/CAM sector, the picture seems to be one of
clear US dominance of the world market, although figures are not available for

Japanese and European sales of these systems (Kaplinsky,1982). Nevertheless, the
US market was the dominant market in 1985 with Europe a long way behind.
Indeed, it has been estimated that the entire CAD/CAM installed base in

Germany is the same as that of Boeing (Snoddy,1985). By the late 1970s,
however, the European and Japanese markets were growing at a faster rate than
the US market and the Japanese had become the fastest growing single market
for CAD systems sold by the US turnkey suppliers (Kaplinsky,1982). By this
time, no Japanese company had apparently entered the market but there

appeared to be indigenous production for internal consumption by some large

companies such as Matsushita (ibid.). In 1982, however, Datamation reported that
the Japanese had begun moving into CAD in 1981. It names NSC, Mitsubishi
and Fujitsu as three of the Japanese companies developing and/or offering some

CAD systems ( Datamation, December 1982). In addition, one Japanese firm,

(151) See also Sciberras anci Payne (1984). Technologically, some observers contend that the
Japanese are now significantly ahead of the US in machine tool control technology and have
real advantages in the technology of high-volume production. Others, however, such as the
US National Machine Tool Builders Association consider the difference to be small
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Yokogawa Electric Works, had obtained an exclusive licence from Gerber (US)
to manufacture and market CAD systems in Japan, Korea and Singapore

(Kaplinsky,1982). Figure 3.11 shows the US market shares for the leading
companies in the US CAD/CAM market and, probably, in the worldmarket too.
As we can see IBM has captured the leadership of the market (152) and it is
further estimated that, by 1985, its share will increase to about 25 % of the
total market.

In telecommunications, as table 3.31 shows, the US and European strength
in the worldmarket is overwhelming. Japan had only one firm in the top ten

league in 1983 and its share was only 6.4 % of the market. US companies had
59.2 % of the market and by far the biggest company, AT & T Technologies,
claiming alone almost 30 % of the market. In turn, three European firms were

high up in the league with 27.4 % of the worldmarket. Europe's strength in this
field is quite commensurate with the enormous importance of its
telecommunications market and the fact that in most countries this is a market

"controlled by powerful state monopolies that buy mainly from favoured
national manufacturers"(de Jonquieres,1983c,p.14). An interesting feature of this
market is the appearance of IBM within the league of top ten manufacturers.

In the computer sector, the dominance of the world market by US

companies is very large indeed. As table 3.30 shows, in 1984, 7 out of the 10

largest computer manufacturers, were US companies. In addition, the first five

companies were all from the US (153) with the leader IBM, holding alone
around 60 % of the world market (Gregory,1983). The combined share of the
world market for all US companies was put at about 80 % in 1984, with the

Japanese share at less than 10 % ( Business Week, 16 July 1984b). In this
sector, however, the Japanese have been making strenuous efforts to make greater

inroads in the worldmarket and, eventually, to break IBM's long-standing

stranglehold of it (154). For a time, it seemed that the Japanese were rapidly

succeeding as Fujitsu, Hitachi and NEC, all began to produce mainframe
computers as least as powerful as IBM's top machines. Even more worrisome for

(NAE/NCR.1983).
(152) IBM became the leader of the CAD/CAM market only in 1984. Until then,
Computervision was the dominant supplier (Snoddy,19S4).
(153) A report suggests that in 1984 the Japanese company Fujitsu had taken the fourth
place ( Business Week, 16 July 1984b).
(154) "Between 1975 and 1980 annual production of Japanese computer manufacturers
increased by 139 per cent to $4,700 million...Exports as a share of production increased from
6.8 per cent to 10.7 per cent" (Gregory, 1983,p.28).
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IBM, in 1979, Fujitsu overtook it as the leading computer company in the

Japanese market. This development led some commentators to speculate that by
1990 Japan would account for 30 % of the world market (Gregory,1983) (155).
As we have seen, however, this possibility has not materialized and, if anything,
there has been an aggressive response by IBM in Japan which, according to some

observers, has forced the Japanese on the defensive in their home market. The

key to it all seems to lie in the relative weakness of the software base
accumulated by Japanese companies as compared with the US companies (156).
This has meant that both Fujitsu and Hitachi followed a strategy of making
their computers compatibles with IBM's and, consequently, have come to depend

heavily upon IBM's operating-system software (157). In 1982, however, IBM
decided to take advantage of its software muscle to counteract the Japanese
drive. It filed a suit against Hitachi for allegedly stealing IBM software and
took the decision to stop disclosing the source code describing the operating-

system software on which all applications programmes must run. This has meant
that both Hitachi and Fujitsu have had to divest huge amounts of resources into
software to avoid infringing IBM's copyrights. And without the source code,
some analysts believe that Hitachi and Fujitsu may find it impossible to produce
their own operating-system software that can compete with the new operating

systems that IBM is expected to announce in 1986 ( Business Week, 16 July
1984b). In the short term, the Japanese response has been to propose a change in

Japan's copyright law to enable MITI to force a company to licence software to

its Japanese competitors. Opposition from the US, however, has temporarily
halted this move. But in Europe, where IBM's move is certain to cause a great

deal of harm as well, an antitrust case has been brought against the company

which may end up with IBM having to disclose the kind of information the

(155) Others even thought that IBM would be overtaken by the Japanese ( The Economist,
19 June 1982).
(156) It is not that the Japanese are weak at producing software. As one commentator puts
it, "—Japan's relative shortage of software is not due to an inherent inability to write
programmes. It is mainly a matter of coming later into the field and not having built up
as large a stock of programmes as Western companies have. So it will take time, perhaps
until the 1990s, for Japan to accumulate a comparable software base" ( The Economist, 19
June 1982). A similar view is stated in a 1984- Business Week report on the software
industry, "...even with MITI's help, it will be a long time before Japan's software industry
catches up with its U.S. competitors - if it ever does. In 1982, the latest year for which
figures are available software sales in Japan were only $1.4 billion - just one-quarter of the
total UJS. software sales that year" ( Business Week, 27 February 1984,p.7l)
(157) NEC adopted a more independent strategy developing its own operating system and its
own international marketing organizations with an emphasis on personal computers. NEC's
total computer sales in 1981 surpassed those of Hitachi to become second only to Fujitsu
among Japanese computer makers (Gregory,1983).
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Japanese want and need ( The Economist, 16 June 1984). In the long term, it
seems that the result of IBM's move against the Japanese will be to push them
into a major software effort to prevent the repetition of the current experience
which has clearly highlighted the dangers of heavy dependence upon competitors
(158). In this context the software effort of the Fifth Generation Computer

project acquires even greater importance. And even more so, the planned
Japanese alliance with AT & T to develop an alternative software to IBM's on

the basis of AT & T's UNIX operating system. According to MITI, the plan
would entail a five-year effort with AT & T to foster native software
development in Japan. It is expected to cost some $125 million and calls for AT
& T to work with several Japanese computer companies in furthering the

development of the UNIX operating system ( Datamation, 1 October 1984) (159).
As we can see, therefore, it seems that IBM may have actually succeeded in

bringing together into an alliance of interests the two most formidable opponents
it will have to face in the global battle for the control of the convergent

electronics technologies.

In all, it is possible to say that the US is undoubtedly the major force in
world electronics. However, such dominance is not total with Japan not only

challenging but. in fact, leading in such sectors as memory semiconductors,
robots and numerical control. Thus far, software has proven to be the Japanese
Achilles' heel preventing them from making truly significant inroads in
software-intensive markets such as CAD/CAM and, most crucially, computers

which is the most important of all. In the latter markets, the US dominance can

be considered complete with Japan's challenge most likely to materialize in the

(158) Indeed, Hitachi and Fujitsu have increased the software research expenditure to about
a third of their total R&D effort. Also some companies like Toshiba are building software
factories. Toshiba has recently completed a factory that employs 3,000 software engineers
and its is building another that will employ 2,000 more programmers. In addition, MTTI is
setting up several research laboratories to work on software ( Business Week, 27 February
1984). On its part, NEC has made software-development a priority in its computer and
communications systems laboratory which accounts for one quarter of all the company's
research. In the late 1970s NEC had established a software production technology laboratory
and, in 1984, it was said that "25 % of NEC's total research staff is engaged in software-
related work" (Berger,1984,p.36). More generally, Berger (1984) reports that in the aftermath
of the IBM-Hitachi computer-software affair, an R & D boom among Japanese electronics
companies has taken place. "The settlements accepted by Hitachi and other IBM-compatible
makers in Japan...has shown firms...that independent product development is a safer path"
(Bergcx,p.34).
(159) "Japan's interest in AT & T is understood to be as an alternative to IBM, which
successfully "stung" Hitachi and other Japanese manufacturers in 1982. MITI is concerned
about the future of the Japanese computer efforts given the relatively unproductive Japanese
software industry" ( Datamation, 1 October 1984,p.64)
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1990s when and if the major software effort now being undertaken begin to

produce its fruits. In this global competition, Europe, apart for its strong

presence in the communications sector seems to be lagging further and further
behind as it has not been able to sustain the demands and the pace of advance

imposed, among other factors, by the US-Japan competition. Another crucial
aspect which emerge clearly from the analysis above is the very high degree of
concentration and control of the main markets for the different sectors by a

handful of companies. Most frequently, the control exercised by the ten or so

largest companies is overwhelming and, in such cases as computers and
numerical control only one company controlled 60 % and 50 % of the world
market respectively. In this context, the field of semiconductors was still keeping
to its tradition of relatively less concentration with the top 8 companies

controlling about 50 % and the top 20 about 75 % of the world market
(Levin,1982). Even here, however, the tendencies at work are pushing towards

greater concentration as the convergence of technologies stimulates a process of
market integration which considerably raises the barriers to entry into the

industry. As a major study concluded already in 1979, "...Even those already
in the industry are finding it extremely difficult to pursue the constantly

advancing technology because of rapidly rising R&D and equipment costs.
This condition, if continued, could lead to an industry dominated by 5 to 10

large vertically integrated producers" (U.S. Department of Commerce,1979.p.l03).
And the same trend is perceived all over the electronics industry. In
telecommunications, for instance, "...It is possible that by 1990 only 4 main
manufacturers will be left in the field (1 American, 1 Japanese and 2

Europeans)" (Rada,1980,p.ll5). Whereas for the electronics industry as a whole,
Bess&nt (1984) predicts that "a few major firms, highly integrated in both
vertical and horizontal ways are coming to dominate the IT industry - perhaps
as few as 40 firms worldwide" (Bessant,p.57).

Indeed, as the convergence of technologies continues to deepen and the

struggle for the control of the electronics infrastructure intensifies, there is every

reason to believe that the process of concentration of capital in the electronics

industry will reach the gigantic proportions which have been predicted above.
The most dramatic illustration of this trend has been the wave of company

acquisitions, joint venture and other forms of interlinking of companies taking

place within the world electronics industry as even the largest companies in the
field have found it beyond their ability to rapidly accumulate the resource-

requirements necessary to succeed in the global battle for the control of the
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convergent electronics markets (160). In effect, it has become already clear that
the development and production of entire systems (e.g., office automation)
crystallizing the convergence of technologies will play a decisive role in the
control of the industry. One fundamental reason is simply that, at the R&D
and production levels, advances in one area of electronics technology

synergistically tend to feed all others, so that the technological process of
companies having expertise in various fields is naturally enhanced by the benefits

accruing from an integrated operation. The other major reason is that all the

largest companies in the electronics field already have an important degree of

integration. Most significantly, the success of the Japanese companies such as

NEC, Hitachi, Fujitsu, has been clearly associated to their long-standing

vertically integrated character (161); a feature which has been acknowledged as

one of the keys to the Japanese advance into semiconductors as these companies
have not suffered to a similar extent the pressures and ups and downs of the
market which have affected the US semiconductor industry (162). Table 3.34
shows the characteristics of the six dominant firms in the Japanese semiconductor

industry. As it is possible to see, the percentage of semiconductors sales to total
sales is quite low for all of them. They are all integrated into other electronic
products and, indeed, if we look at the tables showing the world's leaders in
the different electronics sectors, we find that the same names tend to repeat

themselves. NEC, for instance, is found in semiconductors, computers and

telecommunications, while Fujitsu is found in semiconductors, computers and,

through its shareholding in Fanuc, in robots and numerical control. Such

companies, according to Fegurson (1983), "are in a far better position to take

advantage of advances in microelectronics" (Fegurson,p.28).

(160) In relation to AT & T and IBM, for instance, Foremski (1984) says that, "...In spite
of the two companies' huge individual resources in terms of assets and research and
development efforts, neither of them has the ability to develop the necessary technology and
to accumulate expertise in a short enough time" (Foremski,p.l6).
(161) "These firms belong to kieratsu - large families of companies that include robotics,
semiconductor, and other high technology firms. Kieratsu have ready access to relatively
inexpensive, long-term financing, frequently through special relationships with banks, so
member firms are able to plan large purchases of capital equipment. The kieratsu are better
prepared than U.S. producers to make optimal decisions regarding technology and strategy
(Fegurson,1983,p.28).
(162) In 1984, The Economist asked, Why can NEC withstand the slower market growth
that is now dragging down American semiconductor makers? Its answer was that "...One
reason is that Japanese demand for chips has been less volatile than America's. The four top
Japanese chipmakers -NEC, Fujitsu, Hitachi and Toshiba- are four of the biggest chip
consumers too. This makes demand easier for NEC to forecast, and it moderates the

industry's boom-bust cycles ( The Economist, 15 December 1984,p.73).
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TotalSalea (1Ml,)
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In the US, both IBM and AT & T have always been vertically integrated

companies and, as we have seen, they are rapidly following the Japanese path

by horizontally integrating into almost every main sector of the electronics
market. Indeed, IBM, apart from its leadership in computers and CAD/CAM, has

already joined the world's leaders in telecommunications and robots (see tables
3.31 and 3.33). These tendencies and moves by the major electronics forces,
therefore, have created a clear need for other companies to follow. Hence the
wave of acquisitions and collaboration agreements (163) as companies try to

improve their resource-base in order to cope with the enormous range of
demands, from R & D to servicing and marketing, imposed by the increasingly
worldwide competition in integrated electronics systems (164). As it has been
stated, "...Forming alliances...is becoming a critical element in almost any

successful strategy...Without this kind of cooperation, many manufacturers will
not survive the restructuring" ( Business Week, 16 July 19S4b,p.49). Tables 3.35,
3.36, 3.37, 3.38 and 3.39 give a clear indication of the kind of arrangements

and the breath of the process of concentration of capital which is taking place.
The first thing that struck any observer is the magnitude of the process. In the
semiconductor industry alone, for instance, table 3.35 lists 28 US semiconductors

companies which have been either totally or partially acquired by major

corporations (165) and the list does not show IBM's acquisition of 20 % of
Intel's shares, the world leading microprocessor manufacturer. In addition, as
table 3.39 shows, AT & T alone has made over 100 strategic alliances with
different companies in its effort to improve its technical and market position in

computers (166). For the entire electronics industry the number of companies
involved is impressive; in fact, in 1983 alone 146 mergers and acquisitions took

place including Westinghouse's take over of Unimation the leading robot

(163) According to a report, "...This increased collaboration reflects companies' fears that if
they do not offer complete product lines at competitive prices, the Japanese...will cut deeply
into the information processing business...Also worrying these companies is the entry by
International Business Machines Corp. into almost every segment of the market" ( Business
Week, 16 July 1984b,p.49).
(164) Some of the larger companies "are looking for partners that can provide them with
the expertise such as the communications and software needed to tie all the pieces
together...the smaller companies are seeking greater financial strength from their new

relationships so they can continue to develop better technology and expand their
manufacturing facilities" ( Business Week, 16 July 1984b,p.50).
(165) See also Hazewindus (1982) and Business Week (3 December 1979).
(166) As Kozma (1985) has indicated, "...To shore up its position and to fill the gaps in
product lines, it [AT & T A.M.] is forming strategic alliances with anyone and everyone
who is interested in UNIX, the Bell Laboratories operating system that AT & T is
championing as the software standard for many uses" (Kozma,p.26).
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T»bU3.35."CorporateInvestmentInUSSemiconductorCompanies. Source.-M.Borrusotol(1982),pp.*10-91 (1)NopercentageIndicate*100$(whollyowned),orpresumedtobewhollyowned.Intheabsenceofdata.



Cc>p*Dl«> Cat* T*cbi>olc£F Exchangee

BCA Corp. - sharp Corp April 1985 Share CMOS design and process technology

lr.tr! Corp — Toshiba Corp. Jan 1985 Toshiba is manufacturing and marketing
Intel interference controller chips

Motorola lnc - Hitachi Ltd. Jan. 1985 Motorola will aecond-source Hitachi's
6301 microcomputer

•ntr! - Fujitsu Ltd Nov 1984 Fujitsu will manufacture Intel's 80186
and 80286 microprocessors and the 8051
controller Chip

Intel — Fujitsu Sept 1984 Agreement includes Intel logic design and
Fujitsu layout for a new 8/16-bit I/O
processor known as the 5069 7

Motorola — Toko Electric Co July 1984 Subcontracted bipolar fabrication in Japan

Standard Microsystems lr>c_ -
Oki Electric Industrial Co

July 1964 Nonexclusive cross licensing of each company's
patents and patent applications

Monolithic Memories Inc —

Fujitsu
July 19S4 Monolithic Memories will second source

Fujitsu's B-aeries bipolar TT L gate arrays

Intel - Ok t June 1984 Oki will provide CMOS versions of popular
Intel products

American Microsystems Inc. —

Hitachi
May 1984 AMI will second source Hitachi's line of

codec circuits

Motorola — Toshiba April 1984 Toshibs will second soumt Motorola's
CQuam AM stereo decoder IC

ZSlog Inc. - NEC Ltd March 1984 Zilog will second-source NECs proprietary
V series rrucroprocessors and peripheral
controllers

Table 3.36.- U.S. & Japan Semiconductor
Agreements (i98%-1985).

Source.- L. Valler (1985)» p.3*.
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Table 3.37»- Variou® Coapani®® and Type® of Arrangement®
Involved id the Rational and International
Collaboration of Capital® Vlthln the Elec¬
tronic® Industry.

Source.- Business Veek (16 July 198ltb)( p.5*.

- 290 -



flra

Collaborator

TechnologicalArea

ATAT

Philip* Olivetti Varlou*

Tran*ni**lonandawltchlngoyotena Officeproduct* UNIXoperatingeyatendovolopaeata
CIT-Alcatal (franca)

CSF-Thoaaon-Brandt Philip*

Sealconductor* Cellularradio

Erlcaeon (Sweden)

Data*aab Pacit Atlanticnichfleld Honeywell Sparry Thorn-KMI(UK)

Coaputerayatea* Officeproduct* Cableunkingandaoftware Voiceanddataayeteaa Bankingterainal* PBXayeteaa

GTE (USA)

Perrantl Italtel

Equipaent
«mm

IBM

Role SatelliteBualnea* Syaten*ahare)
PBXayetea*andofficeprodveta Satellitecoaaunlcatlona

Mitel

ICL(UK)

PBXayateaa

NorthernTelecon (Canada)

DataCenaral Sparry

fleaaey(UK)

Strobarg-Carbon(US) ScientlfloAtlanta Burrough*

Equlpaent Satellitereoelveraand cableequipaent Coaputerayatea*

Tabla3.39.-ExaaplaaofInternationalCollaborativeVenture*. Source.*J.Beeeant(198b).p.19.



Company

Arrangement

OlivettiCorp.

MakestheATAT6300,compatiblewith IBMCorp.PersonalComputers
Convergent TechnologiesIno.

MakestheATAT7300,apersonaloomputer thatoperateswithATAT'sUnixsoftware
ElectronicData SystemsCorp,

Jointmarketingarrangementforcustom- dealgnedcomputernetworkingsolutions
QuotronSystemsInc.

Jointdevelopmentandmarketingofa oomputer-baeedfinancial-informationeyetew forstockbrokersandsecurityanalysts
MloroeoftCorp.

Jointdevelopmentofcompatibleversionsof UnixSystemVandMicrosoft'sXenix,wbleh isderivedfromUnix

MotorolaInc.,IntelCorp., EllogInc.,National SemiconductorCorp.

DevelopmentofUnixSystemVforusewith microprocessorsmadebytbesevendors
AmdahlCorp.

AgreementtoensurecompatibilityofUnix SystemVwithAmdahl'sUTSsoftware
Omnload

ATATacquiredanequitypositioninthis company,whichsellssoftwareforcomputer- aideddesignandcomputeraidedmanufac¬ turing;JointmarketingofCADsoftware onATATpersonalcomputers
Value-addedresellers, Independentsoftware vendors,original- equipmentmanufacturers Table3.19.-ATAT'oStretegloA theComputerMarket.

Source.-Keeme,R,(19«1),p.BR.



company. ( Business Week, 16 July 1984a) (167). The second striking aspect is
the truly global character of the process of concentration as electronics and

major non-electronics companies enter into national and international

arrangements in order to strengthen the resource-base necessary to succeed in the
electronics competition. Thus, we have already seen, the major acquisitive

strategy implemented by the huge US corporations Exxon, GM and GE. Likewise,
the French corporation Schlumberger has acquired Fairchild, a leading
semiconductor and semiconductor equipment manufacturer. We also saw earlier
how with government and military support, US companies were joining together
in industry-university R&D centers aimed at improving the competitive

strength of the US in the international markets and most particularly against

Japan. We can now see, however, that the competitive struggle for the control
of the electronics infrastructure is not being waged on purely national basis
with governments seeking to support the electronics base of their respective
countries (168). Indeed, looking at the international character of many of the

arrangements in the tables above, it seems plausible to argue that as far as

corporate capital is concerned a major trend at work is pushing towards the
formation of international partnerships aiming at rapidly realizing the resource-

requirements necessary for successful global competition. In this respect, we have
seen for instance AT & T's move to join forces with Japanese companies to

confront IBM. The same is the objective of AT & T's acquisition of a 25 %
share of Olivetti (Italy) (Foremski,1984) and of the deal with Philips, the Dutch
electronics giant known for its market strength, one of the major weaknesses of
AT & T's challenge to IBM (de Jonquieres,1983b). In turn, IBM's strategy has
taken the company to join forces with with communications and software

companies and the most important microprocessor company in the field.

Additionally, it has also entered into agreement with the Japanese company

Matsushita in the area of information systems. Big Japanese companies are all
involved in collaboration agreements with both US and European companies.

Fujitsu, for instance, has an agreement with ICL (UK), Siemens (Germany), Intel

(167) A different report puts the figure of 146 acquisitions of companies only within the
software industry ( Business Week, 27 February 1984). In addition, it says that "...To
provide a full complement of software for their computers, makers such as Hewlett-Packard,
Burroughs, and Prime Computer are rushing to buy applications software companies. Other
manufacturers, including Honeywell, Sperry, and Digital Equipment, are setting up joint
ventures with software suppliers" (ibid.,p.55).
(168) We have already seen how the US and Japanese governments have intervined and are

intervining in supporting the development of their respective IMCs. Similar efforts on a
national basis are being implemented in various European and other countries of the world.
For a description of government policies in different countries, see UNIDO RCSB (1985) and
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(US) and it has taken control (49.5%) of the US computer company Amdahl

Corp. to increase the marketing of its own computers in the US ( Business
Week, 16 July 1954b). NEC has entered into collaboration agreements with Bull
(France), Honeywell (US) and Zilog (US), the latter itself one of the companies

acquired by Exxon. Hitachi has agreements with Olivetti, Motorola and American
Microsystems a company where two major non-electronics manufacturers , one

German and another American, had recently acquired equity position (see table
3.35). Fanuc has Fujitsu and Siemens as main shareholders and in 1982 launched
a joint venture with GM, GMF Robotics Corp., which has now become the
leader of the US robot market (see table 3.33). In turn, European companies
such as Philips and Siemens have entered into agreements between themselves
(169) along with the agreements which they have separately entered into with
Japanese and US companies. As we can see, therefore, collaboration agreements
are criss-crossing all types of boundaries as companies enter into intra- and

inter-industry as well as national and international relations in their effort to

gain the resource-requirements imposed by global competition. For instance, US
semiconductor companies are joining between themselves to carry out R&D
programs to strengthen the US competitive stand against the Japanese and, more

recently, they have also entered into production and technological agreements to

try to secure larger shares of the market (170). In addition, they are also

entering into ventures with computer and telecommunications companies seeking

integration; and, finally, they are also joining forces with foreign companies,
most recently with the Japanese (see table 3.36), to exchange expertise and

complement their actions in areas of mutual interest (171). The US company

Intel is a good illustration of this process. Nationally, it has IBM as a

shareholder but also has manufacturing agreement with Burroughs, marketing

Hazewindus (1982).
(169) In Scandinavia, Swedish and Finnish electronics companies have now merged to create
a single and powerful Nordic Company (Skole, 1984).
(170) This latest move has taken place mainly in the application-specific integrated circuits
area where 27 agreements were signed in 1984. As Iversen (1985) reports, "chip vendors are

teaming up to grab larger shares of the still fast-growing market for application-specific
integrated circuits...The latest ASIC deal is a big one: Motorola Inc. and NCR Corp. have
signed a pact that could make them a strong entry in gate arrays and standard cells...By
trading computer-aided-design tools developed within each company and working together on

design automation, the companies hope to make Motorola and NCR appear as "mirror images"
to the customer" (Iversen,1985,p.20).
(171) In the sector of semiconductor production equipment, US companies are also entering
into production agreements with Japanese companies as the focus of the Japanese market is
shifting to local equipment makers. "U.S suppliers are trying to cope with this shift without
becoming dislodged, and they see the joint venture as the best means to accomplish this.
Consequently, the number of joint ventures has increased at a rapid rate, with many of
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agreement with NCR and software agreement with AT & T. Internationally, it
has agreements with three Japanese companies, namely, Oki, Toshiba and Fujitsu,
the latter two themselves major semiconductor producers.

It seems quite clear, therefore, that electronics companies competing in the

global and convergent electronics markets are not following any overriding
national interest. They are primarily pursuing the overriding interest of capital,
that is, profits and accumulation in a context of global competition and

convergent industries. And it this interest which, ultimately, develops into the
national interest as the importance of the electronics technical base assumes more

and more strategic importance, particularly, for the complex of social interests

controlling the development of capitalist societies. But for the US companies

competing in the computer market, for instance, their interest is not in IBM
gaining strength, it is in their own share of the market and if this means

collaborating with Japanese or other foreign companies to defeat IBM, this is
what will tend to take place. AT & T is a clear example of this, but

Honeywell (172), TI (173) and all the other companies we have seen above.
Thus, the process of concentration of capital in the electronics industry takes on

a truly international character with the proviso that most of the companies
within the teams have retained their corporate identity.

It has been said above that as few as 40 major electronics firms, highly

integrated in both vertical and horizontal ways, may come to dominate the
electronics industry. To that, the following more detailed prediction must now

be added.

"the industry will evolve down to three sectors: a few gigantic,
vertically integrated suppliers, such as IBM and AT & T, and perhaps
one or two Japanese companies offering soup-to-nuts product lines and
low cost, hard-volume hardware manufacturing: a second, much larger
tier of systems integrators assembling products from various
manufacturers to create customized computer systems for different
industry niche markets; and, finally, a horde of small, specialized
suppliers providing the systems integrators with individual pieces of
hardware of software tailored to specific markets" ( Business Week, 16
July 1984b,p.50).

them formed only within the last 18 months" (Rothschild,1983b,p.6).
(172) Honeywell, one of America's biggest and oldest computer companies, is teaming with
Japan's NEC in its attempt to hold market share against IBM ( Business Week, 7 November
1984).
(173) TI has reached basic agreement with Canon Inc.(Japan) "on joint development of
various high technology products. Both companies hope to secure an advantageous position on
the world's intensifying high technology market" ( Chemical Economy and Engineering Review,
March 1985,p.49).
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Whether this is going to be the case, it remains to be seen. The final
outcome will be the result not only of all the struggles and alliances which are

accompanying the restructuring of the electronics industry on a global scale but,
indeed, of all the processes which we have discussed above involving

governments, the military and, generally, the entire complex of social interests
dominating and shaping the development of microtechnology. Furthermore, the
actual extent to which the latter interests will continue to shape the technology
and succeed in their goals is something that will depend upon society as a

whole, i.e., the sum-total of all the conflicting interests within the context of

given social, economic, political and cultural circumstances.

In this context, as we have seen for the particular case of the US, fears
have been expressed that the country's microelectronics capability may be

relatively weakened by some internal contradictions within the social

constituency of microtechnology. The galvanizing pressures of war and
international politics are apparently conflicting with the demands emerging from
the pressures of international economic competition, in particular in the face of a

challenger like Japan whose social constituency has been primarily and

consistently geared to success in the economic arena. On this score, however, the
evidence is not yet decisive and it is doubtful that it will ever be since any

alternative seems doomed to remain in the realm of theory at least for the
foreseeable future. Moreover, the competitive struggle for global control of

microtechnology has been shown to be a process of greater complexity than the

image of competing nations implies. First, from a technical point of view, the
US's IMC is not being challenged with uniform intensity or degree of success

across the entire front of technologies involved. Second, in an industry where
the commercial market is expected to reach $800 billion by 1990, the
nationalistic military constituent no longer possesses the dominant weight of the

early postwar years. Thirdly, and most importantly, electronics corporate capital
is not operating on a nationalistic basis but on a global basis, a fact which has
led increasingly to international alliances of electronics capitals as the basic
resource requirements imposed by the convergence of technologies and the
characteristics of the process of accumulation within the industry are beyond of
even the largest corporations in the field. In the global arena, therefore,
companies are lining up internationally rather than nationally and this gives the
US' IMC an intrinsic international element not only in terms of the need for

global markets and productive sites but, also, in terms of the need for

companies to rapidly accumulate the basic resources demanded by the
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development of the microtechnological process in the heat of worldwide
competition. It appears then that through the international interlinking of
corporate capital, the T of IMC may be coming more and more to mean

international as much as indigenous.

Going back to Chapter II, therefore, there, we discussed the nature of the
technical process involved in the microrevolution. We have now seen that, in

reality, such a process has no life of its own but that, at every stage, it has
been deeply embedded in and shaped by the sociohistorical process characterizing
the development of a particular society. In particular, we have seen that behind
the development of the technology there is a clear social constituency, a power

complex, whose interests are reflected in and actually dominate the development
of the technology. In the US, such social constituency has been dominated by
the overriding and mostly complementary interests of corporate capital,

government, the military and science. In consequence, accumulation of power:

capital, military, political, knowledge power has been the driving force behind
the technology and not any supposed benefit for mankind. Indeed, since for all
these forces, microtechnology has come to represent a key factor in the
sustenance and reproduction of their power, there can be only little hope of it

being shared to help to alleviate the huge problems of the Third World as some

have wishfully thought. In Chapter II, we ended up by saying that to realize,
for every nation in the world, the "era of computational plenty" envisaged by
Electronics in 1980, "more than further technical advances will be needed... may

be the very social framework nurturing the revolution will in need of changes
as profound as those affecting the technology". Now we have seen why.
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3.6. General Discussion

The microelectronics revolution is not a technically-determined process

whose content, direction and pace obeys laws of its own and is hence abstracted
from the general societal context within which it develops. On the contrary, at

every stage of the protracted and complex process of technical advances which
has made possible the synergistic and systemic convergence of signal systems, the
microelectronics revolution has been clearly and deeply embedded in, shaping and

being shaped by, the social, economic and political conditions of society. More

specifically, in a class society such as the capitalist, it has been the interests of
the social forces exercising hegemonic control over the financial, human, material
and time resources of microtechnology that have primarily determined the basic
character of its process of development. In practice, these social forces have

expressed and reproduced themselves through the development of the technology,
by and large, shaping it and furthering it in accordance with their relative

degree of control of the technology's basic resources under particular historical
circumstances. In this way, the complex of social interests resulting from the
interaction of these forces between themselves and with the rest of society has

effectively become an intrinsic factor to the development process of the

microtechnology. It has become the social constituency without which the specific
character of its process of development as seen above could neither be explained
nor possibly be the same.

The implications of this fact for the understanding of an IMC are quite

germane, for it is now clear that, in social terms, an IMC is generally
characterized by the following aspects.

a) an IMC entails the existence of a social constituency whose interests and

command of basic financial, human, material and time resources makes possible
the achievement of autonomy in the process of development of microtechnology.

b) an IMC is not a rigid or static reality but a fluid process where the technical
and social factors intermingle with each other in a single sociotechnical process,

ultimately, related to the changing historical circumstances of society.

c) there is no universal form of social constituency of an IMC as, in the last

analysis, at any given time and place, the latter will be the result of the
interrelations between all those social forces who actually are the depositaries of
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the basic resources necessary for the development of microtechnology. In this

respect, we have seen that the science social constituent alone, as permanent

depositary of the scientific and technical knowledge and skills intrinsic to

microtechnology's development, has a claim as an essential constituent to the
existence or build up of an IMC.

d) As a corollary to the previous point, there is no universal or inevitable

purpose behind the development of an IMC, for, in practice, this will depend

upon who the social constituents are, which their overriding interests are, and
which constituents, under specific historical circumstances, possess the greatest

control of basic resources and hence, relative weight within the resulting social

constituency. Such resulting social constituency will provide its purpose to the
IMC and hence, to the development of the technology at every stage. In
addition, to the extent that the relative weight and role of the diverse social
constituents may change under changing historical circumstances, it is possible to
think of the purpose of an IMC being challenged and altered, provided that the
historical conditions are favourable enough to enable the emergence and/or
strengthening of other social forces raising different social concerns and purposes.

Indeed, it will be only under the latter scenario that the process of development
of microtechnology may be turned away from the current goals dominating and

shaping it. In other words, under the present social constituency of

microtechnology, abstract calls to put microtechnology at the service of mankind
or to share it with the Third World, for instance, are unlikely to have any

result however reasonable or humane they clearly are. Only a change to a

favourable social constituency can create the fertile ground for such calls to

blossom in strength.

There is, however, one particular industrial economic-process in the

development of microtechnology which is heavily rooted in the systemic and

convergent nature of the technology and which, for the same reason, must be

put as a fundamental characteristic of any IMC irrespective of the nature or

ultimate purposes of its social constituency. This is the systemic convergence of
industries materializing in the economic sphere the systemic and synergistic

potential intrinsic to the process of convergence of technologies. Thus, in the
same manner as the latter was seen as fundamental to an IMC in Chapter II,
here we take its projection into the economic sphere as equally fundamental.
This means, therefore, that a non-systemic capability or, say, the ability to

produce semiconductors components alone would hardly amount to an IMC
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insofar as the intrinsic synergistic factor provided by the ability to produce a

broad range of integrated systems would simply be lacking. The latter means

that such a semiconductor capability would then have to depend entirely upon

the possibility of integrating itself into the industrial process of other countries
with the logical consequence that considerations and purposes other than the

specific development problems of the country are most likely to dominate its

development. Such a semiconductor capability, therefore, would hardly be an

indigenous capability and more so ar» unintegrated enclave as far as the national

economy is concerned. In this sense, the only viable international alternative
would be one of an international-indigenous microelectronics capability based on

consistent economic and scientific-technological integration between those nations
who. by being unable to satisfy the basic resources of microtechnology

separately, may join together in the process of their acquisition. Such

international-indigenous microelectronics capability, however, would demand an

international social constituency whose components' overriding interests coincide
in the purpose of bringing it about, most particularly, under the pressure of

major galvanizing historical forces as we consistently saw in the course of the

present chapter.

Finally, an IMC, nationally- or internationally-based, and particularly the

systemic convergence of industries characterizing it, does not have to take the

shape and dynamism currently being dictated by the societal forces dominating
the development of microtechnology in the context of world capitalism. In the
latter context, the shape and pace of the systemic convergence of industries is
dictated by the process of electronics capital accumulation and, consequently, by
the struggle for control of the process of development of microtechnology which
has become global. In other words, this is a particular form of IMC, namely, a

capitalist IMC, which entails the existence of some fundamental social

constituents and characteristics of its own. To start with, in a capitalist IMC
science is no longer the only identifiable necessary social constituent as it is now

joined by capital and, most particularly, corporate capital commanding large
amounts of resources. In addition, to the extent that, under capitalism, the

process of convergence of technologies and industries is advancing rapidly and
has already assumed large proportions, not only a process of international
collaboration of capitals has tended to become a characteristic of an IMC but,
also, governments have of necessity develop into fundamental social constituents
of an IMC as the resource-requirements imposed by such a process exceed the

ability of corporate capital to satisfy them. Indeed, as regards the role of
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governments, because of their major importance and ability to influence

technological processes, it can be said that they are certain to be social
constituents of an IMC not just under capitalism but whenever there is an

absence of social constituents capable of meeting the resource-requirements of the

microtechnological process whatever the shape of this process. On the other hand,
the military who have played a prominent role in the social constituency of the
US's IMC cannot be considered to constitute a fundamental social constituent of

a capitalist IMC, let alone an IMC in general, since they are not necessary for
the process of development of microtechnology as it has been made consistently
clear by the Japanese case. In this respect, only if military purposes constitute
an important goal of an IMC, can the military be considered as a necessary

constituent to it. But for such a goal to exist is because the military are

already an important constituent of an IMC in the first place. In the process of
electronics capital accumulation, however, under given historical circumstances,
the military may actually become a burden as basic resources are drained away

from their direct application for commercial purposes.

In principle, therefore, an IMC for development purposes does not need the

military social constituent nor the social organization of basic resources and

hence, the specific kind of systemic convergence and dynamism emerging from
the global forces and tendencies dominating the world capitalist system.

Assuming the existence of a different social constituency and hence, different

purposes to the capitalist system, what matters is the ability to possess and

integrate the basic resources of microtechnology in the scale, form and dynamism

appropriate to the solution of specific societal problems which the pursuit of a

capitalist IMC may not be able to resolve. For this, the capability to produce
the latest or the most powerful chip or system will hardly be necessary, for,

ultimately, what matters is the possession of a capability appropriate to the

development purposes as defined by the social constituency of microtechnology.

In this context, for the UDCs, the problem of building up an IMC for
development purposes means clearly a social option, not a voluntaristic social

option though, but one in turn delimited by the state of development of

microtechnology and, above all, by the actual availability of resources necessary

to satisfy the requirements imposed by the development of such a capability.
For purposes of our analysis of an IMC in the UDCs this is an important
conclusion, since it means that the following fundamental issues concerning the
UDCs themselves must dominate the enquiry into the experience of any of these
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countries or region. The first is whether or not there exists a social constituency
whose interests and command of resources both drives it and enables it to

build up an autonomous capability for the development of microtechnology. The
second is whether or not the development goals and purposes as defined by such
social constituency are likely to lead to its materialization and whether or not

the whole process is likely to solve or alleviate the major social problems
characteristic of the phenomenon of underdevelopment. Obviously, these issues
can only be dealt with in the context of the particular experience of some

underdeveloped country or region and, indeed, they will constitute the subject
matter of our discussion in the next chapter.
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