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rOREWORD

This study was undertaken in the framework of the research 
programme of UNIDO on industrial redeployment and structural change. 
Through the programne it is attempted to carry out a continuous 
surveillance of the international process of industrial restructuring.
By identifying major determining factors and indicating the likely 
direction and possible implications of this process, uncertainties 
and rigidities of international restructuring may be reduced and a 
basis created for a forward looking concept of industrial co-operation 
between developed and developing countries.

In this study the role of innovation in the changing industrial 
structure is treated, through an analysis of a particular type of 
innovation, i.e., the manufacturing and application of micro-electronic 
circuits.

The study was carried out by Mr. Dieter Ernst, Projekt Technologie
transfer, University of Hamburg, as UNIDO Consultant.



AN OUTLINE OF THE STUDY

The Issue

Amidst a serious economic crisis, world industry today is 
undergoing important structural changes. One of them relates to the 
application of major innovations to industrial products and processes 
which has already initiated a process cf turning upside down established 
modes of industrial production. In addition, a new breed of 
"industrialising industries" is emerging together with new patterns 
of a social and international division of labour in industry which 
will have considerable implications on how science and technology 
and economic and social development will be related in the future.

What are we to expect? Will the application of new technolo"- 
help to contain the crisis of the world economy, and thus allow major 
actors to switch to more accomodating positions with regard to inter
national competition and co-operation? Will it further broaden the 
base for an integrated and increasingly self-reliant transformation 
of Third World societies and thus inqarove their scope for choice 
of international specialization patterns and their bargaining 
power in the newly emerging global economic and geopolitical conflicts? 
Or.will it rather lead to an increased hierarchization of inter
national economic, political and military relations, especially with 
regard to the North-South context, with all the resulting consequences 
for growing misery and the proliferation of global and regional conflict 
scenarios?

Purpose of the Study

Obviously, the present study cannot give ready answers to 
these questions. What it will try to do however, is to set out a 
framework for analyzing the interaction between the introduction of 
new technologies and the restructuring of world industry, particularly 
with regard to emerging new international location patterns.
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Its nain purpose is to contribute to recent attempts to redefine 
and operationalize the concept of "industrial restructuring" in order 
to make it a more viable guideline for international negotiations.
To achieve this goal, it would net be enough to be responsive to the 
structural issues which are clearly visible today. Future structural 
changes must be anticipated. The vulnerabilities of the world economy 
and particularly of nor-oil exporting developing countries generated 
by such structural changes must be taken into account right now, in order, 
to formulate a strategy for the future.

Research for this study has been guided by one overriding concern 
which is reflected in the following three basic questions:

- How will innovation in a period of crisis affect global patterns 
of control over international trade and strategic assets needed 
for developing and producing industrial products and services, 
particularly technology and capital?

- What impact are we to expect on the capacity of major actor3 
in the restructuring of vorld industry to push through their 
strategies?

- And, finally what are the implications for developing countries 
trying to implement strategies of transition to more self- 
reliant patterns of industrialization?

Focus on Microelectronic Innovations and their Tmpact on Semiconductor 
Manufacturing

The study focusses on one particular type of innovation, i.e. 
recent breakthroughs in designing and manufacturing microelectronic 
circuits and in applying them tc industrial products and processes - 
In particular, it analyses how recent developments in microelectrv. lie 
technology, both hardware and softvare, have already changed con
siderably the economics of semiconductor manufacturing and how this 
is going to be reflected in corporate structure and strategies and 
in changing patterns of industrial restructuring, both sector-wise 
and geographically. The key question is: what have been tbe driving
forces behind recent changes of international location patterns in



- 3 -

semiconductor manufacturing and in particular, vhat lessors can be 
drawn from this sector concerning the interaction between innovation 
and industrial restructuring in a period of crisis?

The Basic Message of the Study

Based on a vast body of empirical material, this study tries 
to convey four basic arguments:

- First, amidst a severe crisis of the world economy, innovation 
and industrial restiucturing are interacting in a rather different 
manner than during a period of high grovth of industrial production 
and trade, as experienced until the early 1970s. This is reflected 
in particular in the choice of priority areas for the development
of microelect onic technologies, ranging from circuit design to 
applications software, and in the speed of introducing tbese techno
logies into industrial products and services and to the process of 
production.

- Second, the study underlines that, in a period of crisis, the 
actors involved in innovation and industrial restructuring are confronted 
with rather different constraints than in the period of high grovth and 
that this is bound to be reflected in their scope for compromise and
in the intensity of the conflicts prevailing between them.

- Third, it is shown that innovation has been an important but by 
no means exclusive factor behind the nev patterns of industrial re
structuring and international location which have been recently emerging 
in the semiconductor industry. It matters of course, that nev 
technologies are available for automating the whole cycle of semi
conductor manufacturing ranging from design to final testijg. But this 
is only part of the story. What this study basically is trying to
show is that the use of new microelectronic technologies and the dis
tribution of control over the relevant innovative capacities conditions, 
but does not determine by itself the restructuring of world industry.
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In the final analysis, industrial restructuring is determined by the 
economic, social and political pova* structures within which the social 
actors who are engaged in industrial production, trade, and in the 
exchange of production factors, have to operate.

- Fourth,and finally, the evidence presented shows that most of 
the prevailing expectations of how restructuring of industries in the 
industrialized countries and redeployment of industries to the Third 
World would interrelate, will have to be considerably revised.
Furthermore, established modes of analyzing trends in international 
transfer of technology are of only limited relevance today and a 
fresh approach is needed to the conceptualization of how control 
over technology and industrial redeployment are interrelated.
In short, without a theory of the iniematicral economic crisis, it 
will be impossible to link together technology, demand and structural 
change in world industry.

The Contents of the Study

The study consists of seven chapters. Chapter One, entitled "Innovation 
and Industrial Restructuring - -hat can be Learned from Historical 
Experience?" sets the stage for the more empirical and policy-oriented 
chapters. It reviews the historical experience of innovation and 
restructuring in the OECD area and develops, albeit in a still tentative manner, 
a theoretical framework for analysing the interaction of innovation and 
industrial restructuring.

What this chapter basically tries to do is to relate the concept, 
of industrial restructuring to a much broader context, i.e., the ini 
actions between the crisis of the world economy and patterns of growcu 
and innovation. It shows that, in a period of crisis, innovation and 
industrial restructuring are bound to interact in a different manner 
than in a period of high growth of industrial production and trade.
In particular, this chapter analyzes some major structural changes 
underlying the present crisis which have caused a transition from a 
virtuous to a vicious circle of industrial growth and productivity.
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Chapter Two, entitled "The Crisis of Semiconductor Manufacturing- 

from the Chip Shortage of 1979 to Demand Stagnation and Profit Squeeze" 
documents that, in contrast to the fashionable myth of a crisis-resistant 
industry, the electronics industry, and particularly semiconductor 
manufacturing have turned out tc be highly vulnerable to cyclical ups 
and downs and even more so to the underlying structural crisis. It 
identifies some key factors underlying the semiconductor crisis cycle 
and analyzes in particular the transition from the chip shortage of 
1979 to the aemand stagnation and profit squeeze starting from mid-1980.
In addition, this chapter shows how major actors in the semiconductor 
business are zeacting towards the crisis and that the starting positions 
for the next round of a global semiconductor war are undergoing rapid 
change.

Chapter Three, entitled "Innovation and the Changing Economics of 
Semiconductor Manufacturing", presents an in-depth analysis of some 
basic interrelations between innovation and the changing economics of 
semiconductor manufacturing. Its main purpose is to identify the 
impact which new technological developments, both in electronics hardware 
and software, are going to have on market structures and on patterns 
of control over strategic assets of this industry. Recent trends in 
circuit design and production technology are discussed in detail and 
the convergence between circuit and system design due to the increasing 
importance of application requirements.

The chapter then documents that as a result of these technological 
developments, the economics of designing and manufacturing semiconductors 
have been subordinated to a radical change. This industry 
which used to be characterized by a relr ively high labour intensity, 
today experiences sky-rocketing capital outlays and a dramatic upsurge 
in capital intensity. In addition, there has been a tremendous pressure 
to increase technical and industrial synergism and thus to go ahead with 
acquisition moves and vertical integration. In particular, three types 
of changes in the economics of semiconductor manufacturing are extensively 
analyzed: changes in the overall cost structure; the radically changing
skill requirements; and the dramatic increase in the costs of market 
entrance. Finally, this chapter identifies some major causes underlying 
the increasing cost burden of semiconductor manufacturing.

I
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Chapter Four,entitled "The Siftware Sector - Conditioning Factors 
and Possible Future Trends", analyzes seme recent trends in the software 
sector and evaluates the perspectives for strategies to reduce the 
software bottleneck. This is in fact ar issue of crucial importance for 
understanding the scope and constraints for applying microelectronics- 
related innovations to industrial products and processes.

The chapter sets out to define the concept of software end the 
functions software is supposed to fulfil. It then reviews the origin 
and driving forces behind the emergence of a separate software sector 
and recent structural changes in the software market. The main 
thrust of this chapter is to identify more clearly some major causes 
underlying the software bottleneck and the strategies of major actors 
involved. Finally, an attempt is made to evaluate the effectiveness 
of strategies to reorganize the production of software and to identify 
the impact of forthcoming structural changes in this sector r.u corporate 
structure and strategy.

Chapter Five, entitled "The Interaction between Recent Technological 
Breakthrough and Industrial Restructuring", is concerned with some new 
patterns of competition and control emerging in the semiconductor indus
try and their interaction with the application of recent breakthroughs 
in electronic technology. The combined effect of demand stagnation and 
profit squeeze and the semiconductor industry's high vulnerability 
to an economic recession has made this industry in fact less attractive 
as an investment opportunity. Consequently, the semiconductor business 
is increasingly running into problems of capital formation and investment

It is in this context that this chapter discusses seme recent 
approaches to a re-adaptation of corporate structure and strategy and 
the search for new patterns of a division of labour between firms in
volved in semiconductor manufacturing. The dialectics of forward and 
backward integration are analyzed in detail and the trend towards a 
new semiconductor industry of corporate giants. In addition, this 
chapter analyzes some recent structural changes in the semiconductor 
equipment and and the information processing sectors and shows that 
consequently the prevailing modes of integrating the semiconductor 
industry into the overall electronics sector are considerably changing.
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Finally, this chapter documents the complexity of'this process 
of transition to new patterns of hierarchical control and shows that, 
by and large huge and highly diversified firms are best placed to reap 
the major benefits of this type of industrial restructuring.

The subject of Chapter Six, entitled, "Implications for the Inter
national Restructuring of Semiconductor Manufacturing and for Global 
Patterns of Technological Dominance and Dependence", is the interaction 
between innovation, comparative advantage and changes in international 
location patterns. In particular, this chapter identifies some major 
trends in the international restructuring of semiconductor manufacturing 
and presents an in-depth empirical assessment of recent developments in 
offshore chip assembly, especially in South-East Asia.

The main message of this chapter can be summarized as follows:
- First, the issue of immediate concern is not so much the 

possibility of outright reldcation of industrial activities from the 
South, particularly some South-East Asian "export platform " countries, 
back to the OECD region. Manufacturing of semiconductors in the Third 
World will continue to expand - at least for certain product families, 
for those specific stages of production which are not essential for 
exercising systems control and restricted to a fairly small number of 
"exclusive" production sites.

However, offshore chip assembly is already undergoing major 
structural changes, with the result that positive effects to be reaped 
by developing countries on employment generation, forward and backward, 
inter-industrial integration, skill formation and technological spin-offs 
might become even smaller and less viable than today. It is to these 
changes and their impact on industrialization scenarios in the Third 
World that future analysis should be mainly geared.

- Second, the new economics of semiconductor manufacturing are 
already having a considerable impact on international location patterns. 
However, our understanding of vhat is really happening is handicapped
by a serious lack of empirical evidence which would allow us to differe
ntiate the analysis of changes in international location patterns 
according to products and stages of production involved.
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Moreover, tne jnono-causalistic approaches of prevailing theories 
of ^international restructuring of industry" are unable to capture the 
complex interaction of factors conditioning the new strategies of 
international locution in semiconductor manufacturing and thus could 
lead to a serious misreading of reality.

- Thi.d, attempts to project the most likely future scenarios for 
the international restructuring of the semiconductor industry are based 
on very unsafe grounds. This would apply in particular to the role 
vhich production sites in the Third World are going to play. Whan is 
possible, however, is to identify some of the options facing the major 
actors of international restructuring in this sector, particularly private 
firms based in the OECD region, and to confront them with those bits and 
pieces of mostly conflicting evidence which is available today.

- Fourth, es long as developing countries would continue to rely 
predominantly on the willingness and capacity of private firms originating 
from the OECD region t.o redeploy production facilities and technology, 
they could hardly expect to increase the viability of their existing 
segmented world market - oriented chip assembly lines. Within such
a scenario of passive and unselective world market integration, the 
vulnerability of these production lines to the economic crisis and to 
the impact of radical technological breakthroughs will remain excessive 
and there will be not much chance to proceed to an increasingly 
integrated electronics industry vhich could be subordinated to the specific 
requirements of these countries.

- Fifth, any projection on possible future trends in international 
location patterns of industry could hardly claim to be realistic, if it 
would not ->e related to a much broader context, i. e ., the overall 
perspectives for future interactions of innovation, international 
transfer of technology and international restructuring in a period of 
crisis. In the final analysis, it is the overall trend towards in
creased concentration of control over strategic assets and the 
concomitant emergence of new patterns of global and regional 
oligopolistic competition which should be in the centre of future 
discussions. Intra-OECD rivalry, particularly among US firms and
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between tnem and the Japanese fins is the main driving force and 
gives rise to ever new rounds of a global technological race.

Finally, Chapter Seven, entitled "Innovation and International 
Restructuring of Industry in a Period of Crisis - Some Tentative 
Conclusions Drawn from the Experience of Semiconductor Manufacturing" 
has a twc-fold purpose:

- First, to identify the driving forces behind recent changes of 
international location patterns in semiconductor manufacturing, particu
larly the role of technology, and to assess to what degree prevailing 
theories of international industrial restructuring are capable of 
answering this question and thus could be used as guidelines for 
policy prescriptions.

- Second, based on the experience of the semiconductor industry, 
to present some theoretical conclusionson how innovation and industrial 
restructuring are going to interact in a period of crisis.

Based on a critical assessment of some of the more refined attempts 
to analyze how innovation, restructuring and redeployment of industries 
to the Third World interrelate, this chapter demonstrates that we still 
lack an adequate theoretical approach to these problems. It is shown 
in particular that this critique would apply also to three otherwise very 
useful attempts wv. demystify conventional wisdom on international 
economic relations: the neo-technological theories of international 
trade, those theories of the internationalization of capital which 
tend to restrict their analysis to a specific branch; and the 
"Hew International Division of Labour".school.

In order to understand the impact of innovation on industrial 
restructuring and on international location patterns, we need to know 
more about the conditioning factors of innovation and technological 
development and their interactions with the economic crisis. The study 
argues that tvo factors are of primary importance; the modes of capital 
accumulation prevailing in a specific historical and geographic context 
and the related changes in the social relations of production, particularly 
in the work relations. The study demonstrates that the interrelations 
between capital accumulation, fork relations and technical change have been
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experiencing considerable changes. The once predominant focus on 
work and labour rationalization still continues to play an important 
role - but to view it as the all decisive factor of capital 
accumulation would be misleading indeed. In fact, the rationalization 
of constant capital, particularly of energy and raw materials 
used, machine utilization and product flow speeds, together with 
attempts to decrease the systems vulnerability of capital accumulation 
have gained considerably in importance

It is in this context that the introduction of new technology, 
particularly of new information technologies based on microelectronics 
circuits, can be expected to play a praninant role in the restructuring 
of world industry.
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CHAPTER 1.
INNOVATION AND INDUSTRIAL RESTRUCTURING - WHAT 

CAN BE LEARNT FROM HISTORICAL EXPERIENCE?
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1 . Innovation and industrial Restructuring - What Can Be Learnt 
from Historical Experience?

Industrial res true *iuring does not occur in a vacuum. If 
we want to understand its logic and its major constraints, 
we have to relate it to a much broader context, i.e. the 
interactions between the crisis of the world economy and
patterns of growth and innovation.

The interactions are fairly complex and do not remain con
stant over time. We have shown elsewhere to what degree 
patterns of innovation and the economic crisis have been 
closely interrelated in major GEflD countries and how this 
has been reflected in major industrial sectors. In other 
words, in a period of crisis, innovation and industrial re
structuring are bound to interact in a different manner 
than in a period of high growth of industrial production 
and trade.



- 13

1-1. Innovation and Industrial Restructuring in a Period of High 
Growth - the Concept of a "Cumulative Virtuous Circle"

1.1.1. Some Basic Facts

-Or major GECL) countries, explosive industrial growth rates 
were one of the basic characteristics of the post-war period - 
at least till roughly the first half of the 1970s. Whereas 
during the fifty years from 1900 to 1950, industrial pro
duction in these countries grew at an annual rate of 2.8%, 
it reached 6.1% during the period of 1950-75- —^

Obviously, this period of industrial dynamism gave rise 
to a wids rang? of structural changes both within industry 
and in other related sectors, particularly in agriculture 
and services. For instance, it modified considerably the 
prevailing modes of agricultural production by pumping 
in agricultural implements and chemicals and pulling out 
labour and a considerable amount of the agricultural surplus.
It also caused significant changes in established patterns 
of service activities by increasingly subordinating them 
to the requirements of producing, financing and commercializing 
industrial goods. In addition, prevailing patterns of trans
port and communications infrastructure were considerably 
modified. Further, industrial growth and restructuring 
meant that the role of public sector activities and the 
prevailing modes of government intervention had to undergo 
significant changes.

Innovation did play a crucial role in this process of industrial 
growth and restructuring. In fact, the rise of the two most 
important post-war growth industrie, i.e. bulk chemicals 
and the car industry, would have been inconceivable without 
a broad range of innovations concerning both product ond pro
cess technologies and complementary changes in industrial 
organization techniques.
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Let us take the case of bulk chemicals. It wa.. due to the 
existence of basic innovations in chemical engineering,
particularly in oil refining (fluid catalytic-cracking

2 /
process) —  and in the development of synthetic materials 
to be substituted for natural resources (fibres, plastics
and fertilizers) most of which date back to the early inter-

. U / . . .war period, — ' that after the war the leading chemical firms
could set out and implement their radical strategies of con
verting this industry from one based on coal to one relying 
predominantly on petrochemical feedstocks.

In addition, product innovations were promoted in such a 
way that fibres and plastics became applied to an ever in
creasing number of industrial products. If we add to that 
the penetration of fertilizers into growing segments of 
the world agriculture, it is obvious that today practically 
all economic activities depend heavily on these products.

A third group of innovations which has been essential for 
the post-war industrial growth has been the application of 
highly centralized modes of industrial automation and 
control and the consequent proliferation of continuous- 
flow process techniques from resource-oriented basic in
dustries like the steel industry into a growing number of 
mechanical engineering industries geared to the production 
of durable consumer goods, particularly electric household 
appliances and cars.

Overall, one of the most important effects of the post-war 
industrial boon in sone major OECD countries waa, what 
Eajnzylber called “... a generalized dissemination of the
techniques, criteria and organizations typical of industry,

5/within the economy as a whole." -

In other words, when we talk about industrial restructuring, 
we should not restrict ourselves to sectorial and geographic 
changes taking place within industry, but should put them
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into the context of much more wide-ranging economic, social 
and political changes. For instance, if we would stick to 
conventional but outdated statistical classifications which 
strictly separate industrial production from industrial 
services, we would hardly be able to understand the logic 
inherent to one of the most pertinent features of post-war 
industrial growth and restructuring, i.e. the upsurge of 
service activities subordinated to the needs of financing, 
producing and commercializing industrial products. As long 
as one argues within such a limited concept of industrial 
restructuring, the proliferation of new services might 
easily be interpreted to mean that a process of transition 
to a "post-industrial or service society" is underway - which 
in my opinion is a very serious misreading of reality. -■

But before trying to identify the scape for industrial re
structuring during this oeriod and its economic, social and 
political implications, let us first inquire into some of 
the conditioning factors underlying this period of industrial 
dynamism. It is in this context that the concept of a 
"cumulative virtuous circle" has been developed.

1.1.2. The Concept of a "Cumulative Virtuous Circle" of Industrial
7/Growth and Restructuring - the Basic Message U

This concept tries to link together growth, innovation, pro
ductivity and international competitiveness. It starts from 
the assumption that the higher the growth rate of an economy, 
the faster the incorporation of innovations into industrial 
equipment, processes and products. This in turn would transform 
the overall structure of industry, enabling it to take advantage 
of the scale economies generated by the growth of overall 
demand, and increasing the cap: ial-labour ratio. This type 
of industrial restructuring would take place both at the 
level of corporate structure and strategy and with regard 
to the overall division of labour between industries (the 
"industrial organization").

P
i
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Increased productivity, on the other hand, would allow an 
increase in the market through a rise in remuneration; 
it would increase the resources available for rtd; it 
would facilitate the funding of the required expansion in 
public infrastructure services without affecting the financial 
capacity of enterprises for sustaining the expansion. Thus 
a "cumulative virtuous circle" would emerge which links and 
provider feedbacks between growth and productivity.

(a) The role of the capitrl goods sector

It is rmportant to note however that there is a basic pre
requisite for realizing this virtuous circle: the existence 
of an integrated capital good sector. Being "... an embodiment 
of technological progress...", the capital good sector 
"... exerts a strong influence on changes taking place in 
labour and investment, productivity, and, as a result, in 
the international competitiveness of national economies." -- 
This is why the capital good sector "... can be considered 
as a basic element for the analysis of special proper -ies 
of different national industrial systems. The magnitude 
of its presence and behaviour, moreover, marks one of the 
fundamental differences between the advanced industrial 
economies and the semi-industrialized economies, especially 
those of Latin America." it is this strategic role of 
an integrated capital good sector which has been stated 
quite explicitely in the original versions of this concept 
but which, as we shall see, tendsto be neglected in more 
recent discussions.

("b) International competitiveness

A third element of this concept relates to international com
petitiveness. Let us assume that a country has been able to 
get moving a cumulative virtuous circle between growth, 
innovation and productivity. It is claimed ■'That this would 
enable our country to enlargen the scope for integrating its
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economy into the world market and for participation in the 
expansion of international trade and transborder flows of 

investment and technology.

This would be so basically for two masons:

- First, with a highly dynamic internal demand, the pressure 
to raise barriers for importations of foreign productions 
will decrease. In other words, for a country with rapidly 
growing internal markets, the scope for propagating "free 
trade" will increase as will the scops for subordinating 
this type of world saxkst integration to the country's 
growth requirements.

- Second, the greater tbs growth of productivity and innovations, 
the greater are the possibilities for competing on the 
international market, with the additional incentive of
reaping scale economies which in turn intensify growth,

1<Vproductivity and technological change. —

To conclude, the concept of a "cumulative virtuous circle" 
claims to have . .identified tbs economic nochan i sms which 
would allow to link together growth, technological change 
and the internationalisation of trade and production. It 
underlines, albeit in a somewhat vagus manner, tbs strategic 
role of capital goods production end shows that without a 
dynaaic internal market, expanding world market integration 
could become a mimed blame for most countries indeed.

(c) LessonB fer today

What lessons can be drawn today from this concept of a 
"cumulative virtuous circle", particularly with regard to 
understanding the interrelations between tbs economic crisis, 
innovation and international restructuring in industry?

Originally, Shis concept was developed in an attempt to 
define a framework for analysing soma of the basic factors

i

A
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conditioning post-war industrial growth and restructuring 
in s o m  OECD countries, particularly in the O.S. and Western 
Europ. -ii-,

Today, there is a growing tendency, both in GECO and ftiizd 
World countries, to use this concept as kind of a normative 
guideline for policies to break through stagflation and 
Indus trial decline« ¿2/ Amidst a deteriorating economic 
crisis, expectations are in fact running high that strategies 
to reestablish such a "cumulative virtuous circle” for 
industrial growth could show a way out and the key variables 
are said to be innovation, productivity and international 
competitiveness.

Yet, in order to evaluate the chances of success for such 
an approach today, we need to be explicit on what have been 
the specific historical and structural conditions characte
rizing the post-war industrial development of OECD countries 
roughly till the end of the 1960s.

First of all, this was a period of very h_gh growth linked 
with rapidly expanding international trade flows - and this 
is very much in contrast to what exists today. In fact, 
during 1950-75-, growth of international trade in industrial 
products even exceeded the already very high growth rates 
of industrial production - 8.8J6 versus 6.1 %, ^  whereas 
today both of them have very such declined.

Tablel.i documents recent structural changes in world industrial 
production. For Western industrialised countries the decline 
of industrial dynamism has been dramatic indeed - from an 
average annual growth rate of 6.4# during 1960-69, industrial 
growth was practically reduced to half.
Tab,i.i Manufacturing Industries - Growth of Output in Volume Terms

(Compound average annual growth rates, in #)

1960-1969 1969-1978
(.1) OECD countries 6,4- 3,2
(2) Developing countries 6,2 7,1

Source: UN - Monthly Bulletin, New York, August 1979



- 19 -

When these figures were collected, i.e. in the summer of 
1979, it seesed that, at least for some growth poles in the 
Third World, industrial dynamism had become a major and 
irreversible fact. Since then however the picture has changed 
dramatically and a profound erosion of industrial dynamism 
became obvious even in some former show-pieces like Brazil 
and South Korea.

With regard to international trade, latest figures released
15 /by GATT — show that world trade in real value terms has

been continuously declining since mid-1980 from a peak 
of f> 2.000 billion. According to GATT, such a real value 
decline occured only twice during the last 25 years: in the 
first half of 195B and iu 1975- Each time it was related to 
an important decline of industrial production.

In addition, world demand for industrial products has been 
significantly declining since around 1973 ~  with the result 
that,again according to latest GATT statistics, the share 
of trade with industrial products in world trade has de
clined from 60* in 1978 to 55# in 1980.

1.1.3. Factors Conditioning the Post-War Industrial Growth Boom

One could hardly assume that the specific historical and 
structural factors which have played an important role for 
post-war industrial growth and re structuring in OECD countries 
could be reproduced automatically today. In fact, what this 
report is trying to show is that since then the once prevailing 
r - '"terns of capital accumulation and industrial growth have 
bt>an radically changing, as have international trade patterns 
and nodes of moving around capital, labour and technology.
In addition, new actors have entered this game and the patterns 
of conflict and cooperation prevailing between them have also 
been exposed to significant change.
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Rapid post-war development of industry in OECD countries was
due basically to the following four factors:

- First, the availability, at low wage rates, of a pool of 
skilled, and highly disciplined labour. Originally, this 
cheap, highly trained labour force courd be easily found 
within the OECD region itself. This was due to the very high 
unemployaent, prevailing especially in Germany and Japan 
at.the end of the warv and to the fact that real «rages, 
particularly again in the fascist countries, had been kept 
at very low levels and some times even had declined and to 
the fact that the traumatic experience of the "Great Depression” 
was still very fresh. In addition, there iras a huge mass 
immigration of workers from agricultural areas to the 
industrial sectors - witness in Germany the huge inflow 
of refugees from the former "Ostgebiete" or in Italy the 
massive immigration from the South. Further, the female 
labour force was.dramatically increased and predominantly 
restricted to unskilled, low wage occupations.

At the end of the 1950s, when the first signs of a scarcity 
of cheap and docile labour force apt for industrial pro
duction, were emerging, migrant labour then arrived on a 
massive scale - in Western Europe particularly from the 
Meditteranean region.

When, as during the 1960s, international competition became 
more intense and labour more costly, the internationalization 
of industrial production, resulting in the location of new 
plants in countries with abundant and cheap labour, was 
able to counter for a certain while at least the shift to 
a labour shortage and increasing wage levels. During the 
1970s however constraints inherent to this approach have 
gained in importance and have forced headquarters management
of multinational corporations to look for complementary

18 /strategic concepts-
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Second, the availability of a huge stock of scientific- 
technical knowledge, developed primarily for nilitary 
purposes during the 1930s and the second world war. After 
the war and amidst a period of reconstructing and heavily 
subsidized investment, private firms were able to tap this 
stock of basic innovations at relatively low cost and 
could selectively develop and commercialize profitable 
"civilian spin-offs".

Third, as a result of the internationalization of capital, 
expanding now particularly in production and finance, 
growth patterns and the dominant technology systems of 
major OECD countries became increasingly homogenized 
and adapted to the U.S. model. Basically this model dis
plays four major characteristics:

a) Industrial expansion centers around three growth poles,
i.e. durable consumer goods and particularly cars, bulk 
chemicals derived from petrochemical feedstocks, and 
a broad range of capital goods industries.

o) The progressive separation of manual and mental labour 
in the very process of production itself. This separation 
of manual and mental labour strongly affects the way in 
which science and technology are produced and used for 
accumulation «nrt social development. In fact, it has 
two highly interrelated effects. On the one hand, it 
leads to a progressive deskilling of a majority of the 
labour force. On the other, it leads to a growing 
centralización of control over information and knowledge 
("software") by "think tanks", engineering firms, software 
and systems houses and central management headquarters.

c) A progressive computerization and automation not only of 
industrial production and services but also of industrial 
products. This relates particularly to the introduction 
of flexible industrial automation and control systems
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based on programmable microelectronic devices and their 
application both to manufacturing techniques in a naj-TOv 
sense and to a vide range of productive services from 
rfd and design, plant layout, process flow planning and 
work scheduling, maintenance, inventory and global cash
flow management and the logistics of worldwide marketing. 
Products on the other hand tend to be increasingly 
homogenized; in some extreme cases they are already
well on their way to become "black boxes" to be adapted

20 /to specific purposes by applications software- —

d) An excessive consumption of energy and natural resources 
and the prevalence of highly capital-intensive, centra* 
lized and environmentally degradating modes of energy 
provision both for material production and human repro- 
duction (foodstuffs)■ —  It was the availability, at a 
low cost, of oil, which between 1950 and 1970 decreased 
its relative price by 50# —  ’ that enabled a few key 
countries of the OECD, particularly the U.S., to stick 
for such a long time to this extremely wasteful pattern 
of energy generation and use.

- Fourth, a dynamic demand was secured for a relatively long
period by the interplay of the following four developments:

a) Due to the depression and the war a lot of fixed capital 
had been devaluated or even physically destroyed, thus 
creating a huge demand for "reconstruction investment”.

b) The demand boom related to the Korean war and the consequent 
establishment of huge government procurement markets in
the U.S., and later on also in Western Europe.

V
c) The massive incorporation of dumb le consumer goods, par

ticularly electrical household appl.^ces and cars, into 
the consumption patterns of Western European countries 
and Japan, thus adapting the U.S. consumption model. As
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Fajnzylber recently observed, in markets characterised by 
high per capita income levels, low birth rates and increasingly 
limited possibilities of transferring labour from the 
agricultural sector, "... demand growth was necessarily 
linked to the launching of new products whose characteristics 
might include either savings in time or effort, and at the 
same time goods that provide the possibility of utilizing

23 /the time saved through other products." —  This spread of 
durable consumer goods in turn implied an increase in the 
capital-labour ratio, and a growing differentiation, par
ticularly in the production branches of foods, clothing, 
pharmaceuticals, household good and transport - an excellent 
breeding-ground for the development of oligopolistic compe
tition. ̂

Yet, the afore-mentioned four basic factors hardly would have 
enabled major OECD countries to get off ground a process of 
cumulative and mutually reinforcing industrial growth and 
restructuring, had there not existed certain structural 
prerequisites, such as:

- A well-established scientific-technical and productive infra
structure, both in material and organizational terms, and 
embodied in individual and collective learning and innovative 
capacities of the labour force, ranging from skilled labour 
to entrepreneural skills k la Schumpeter, which, inspite of 
the vaste destructions caused by the fascist holocaust and 
the war regained relatively rapidly its former strength.

- An agricultural sector which due to its early and far 
reaching "industrialization" was able to produce a sufficiently 
high agricultural surplus.

- The existence of well-established institutional and informal 
mechanisms to define areas of cooperation and to manage 
conflicts of interst between the major social carriers of 
industrialization, i.e. private firms, the state, and, to 
some degree, organized labour.
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And finally, an international economic and geopolitical 
framework conducive for the worldwide projection of OECD 
based firms via international trade, investment and transfer 
of technology.
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1. £. From a Virtuous to a Vicious Circle of Growth and Productivity - 
Conditioning Factors of the Economic Crisis

1.2 .1. The Profit Squeeze and Industrial Decline

A loss of dynamism of industrial growth and restrueturing has 
become evident in major OECD countries since the end of 
the 1960a. Obviously, it has been reinforced and intensified 
by the fourfold rise in oil-prices in 1973 and by the recent 
second oil-shock of 1979/1980.

But the really decisive forces have been structural ones.
In other words, the decline of industrial dynamism is due 
to some of the basic socio-economic properties and mechanisms 
built into those patterns of industrial growth and trade 
which, in the leading OECD countries at least, have been 
so successful during the 1930s and 1960s.

Table 1.2. shows that the erosion of industrial dynamism has 
been accompanied by a significant and lasting decline of 
gross profits and rates of return for practically all of 
the ten sample countries. In addition it shows that profits 
had already started to decline much before the first oil- 
shock of 1973.

Falling rates of profit and industrial stagnation are 
mutually interlinked in such a way that each tends to 
increase the other. On the one hand, falling profit rates 
reduced the propensity to invest and this applies particularly 
to capacity-enlargeuing investment. On the other hand, 
declining investment propensities and the consequent industrial 
stagnation add further to the decline of profit rate3.

But it is certainly the profit squeeze which is the key 
variable for any analysis trying to explain why industrial 
growth and restructuring in the OECD are not anymore linked 
together through a virtuous but rather through a vicious 
circle of mutually cumulative structural changes.
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What structural changes have occured in industrial capitalist 
societies which are behind the falling rates of profit and 
the consequent decline of industrial dynamism?

A sound theory of the present economic crisis does not yet exist. 
So we have to start from those bits and pieces of a crisis

'¿R /theory which seem to be rather well estabi ished. —

26 /To start with, let us focus on four factors: —

- The development of global factor productivities;

- Changes in the demand structure, based on sub
stantial modifications of consumption patterns;

- Structural changes of the labour market; and

- Structural changes in the role of the state.
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1.2. 2. Factors Behind, the Profit 
a Highly Simplified Model

Squeeze - 
2T/

Let us assume that the rate of profit in industrial production 
PA, where P represents all profits made in industry and K 
is invested capital, is basically determined by the following 
six variables: 
w * the wage level
e * price levels of energy and natural resources and costs of 

„ , . . „ 28/^externalities" —
t » the tax burden
d^a growth of internal demand
d a  growth of demand for the country! exports
i a contribution of innovation to productivity of fixed capital

Q/K where Q is the volume of industrial production.

We now present some hypotheses about how each of these six 
basic variables is supposed to change. Ve assume that w, e and 
t will significantly increase, that d^ and de will considerably 
decline and that also i will decline.

If we then break down the rate of profit PA into P/Q • QA, 
it can be seen that due to the hypothetical changes in the 
basic variables, each of these components moves towards 
a drop in the rate of profit to be reaped in industrial pro
duction. In fact, rising w and t cause a decline of P, i.e. 
the share of the economic surplus available for profits, 
thus reducing P/Q. Rising e in turn increases K and thus 
reduces Q/K. Further, declining d^ + de cause a decrease 
in the use of installed productive capacity that exerts a 
downward pressure on Q/K. Finally, with a decreasing capacity 
of innovation to increase the productivity of fixed investment, 
Q/K is falling per definition.

Overall, the productivity of capital QA would clearly 
decline. This could be interpreted to mean that productivity 
growth has been lower than the increases in the ratio of 
capital to labour.
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Thus, in the framework of our very simplified model, we 
cun conclude that a transition towards a vicious circle 
of growth and productivity would occur,

- if wage increases significantly exceed productivity;

- if falling growth rates lead to declining rates of pro
ductivity increase and to a decreasing use of existing 
capacities;

- if, due to rising barriers to international trade and 
investment, the dynamic effects of expanding world market 
integration cannot anymore be reaped;

- and, finally, if the process of innovation is slowing 
down and producing decreasing returns in terms of pro
ductivity improvments for major factors of production.

In other words, our simplified model contains in a
nutshell the message which extensive controversies on

29/"the puzzling drop in productivity" —  have tried to 
convey, sometimes in a rather confusing manner.

In what follows we will see that in reality our basic
va ' hies behave in a very similar manner to what we assumed,
a gh of course their movements have been part of an
extx*emely complex interplay of a much broader range of

30 Teconomic, social and political factors.

1.2.3-- Major Structural Changes Underlying the Crisis

Any analysis trying to capture the logic underlying the 
falling rate of profit will have to start from the following 
five major structural changes which have been emerging in 
major OECD countries since the mid-1960s:
- rising unit labour costs;
- changes in the cost structure;
- the sharpening fiscal crisis of the state;
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- demand stagnation, particularly for former growth ind'istries;
_ "i A "» v« «« «*1 J «»A ^ a
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(a ) Rising unit labour costs

Real wages and particularly real unit labour costs have 
significantly increased, particularly the indirect ones 
(social security contribution, payments for time off, nego
tiated benefits in kind, etc.).

This was basically due to the fact that the once easy 
access to cheap, sufficiently skilled and docile labour 
increasingly gave way to a labour shortage, particularly 
for certain key industries and for certain classes of skills»
This transition from a labour surplus to a labour shortage 
did not occur by chance. It is the logical outcome of the 
prevailing post-war "industrial growth model".

By and large, this mode of industrial growth and restruc
turing turned out to have much too high labour requirements.
This is an important point for the later argumentation of 
this report, so let me quote two pieces of evidence:

- First, overall employment in the manufacturing sector 
expanded during the 1950s and the first half of the 1960s, 
and the most rapidly growing branches, i.e. chemicals and 
engineering, have been those which showed the greatest 
growth of employment. 2̂-̂

- Second, one of the two key "growth industries", the engineering 
sector and particularly the capital goods industries, con
tinuously displayed a labour absorptive capacity substantially 
higher tf’an industry's average. This is due to the fact
that its capital intensity h^s been significantly lower 
than the industry average. In fact, a study of the Economic 
Commission for Europe has shown that, if the average for 
industry in general is defined as 100, than the production 
of electrical and non-electrical machinery in major 
Euronean countries has a level fluctuating roughly betweena a /
60 and 80. —
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It is this relatively lower capital intensity of capital 
goods production which has meant that this strategically 
important sector had to require an increasing share of 
industrial employment.

Table 1.3. documents trends in labour requirements of the

capital goods sector in major OECD countries.

Table 1 .3 . Growing Labour Requirements of the Capital Goods

Sector in Major OECD Countries
/•employment in the capital goods sector - 
^overall industrial employment * n 7>)

_________________________________ 1222_____________1977
(1) Japan 38 44.6
(2) U.S. 38.1 41.2
(3) FRG - a) 46.7 4-7.2
a)Earlier figures would not be comparable due to a change in 

the classification system in 1973
Source: Figures are taken from OECD - "The Impact of the Newly 

Industrializing Countries on Production and Trade in 
Manufactures", Paris, 1979, p. 4-3

Overall, the share of the engineering branch in total manu
facturing employment has been significantly increasing, 
reaching a level of approximately 40# in 1977. 3—  ̂ In 
addition, the engineering industries and again particu
larly the machinery and equipment branches have been the 
only industrial sectors with significant increases in 
their employment shares between 1963 and 1976.

It was this shift to a labour shortage in the classical 
locations of industrial production which allowed the trade 
unions to strengthen their bargaining position and which 
gave rise to the "reformist" social policies prevailing 
especially in som«“ Western Europen countries between 
the mid-1960s and the beginning of the 19,70s , with the 
result that the increase of real wages began to oxceed 
the growth of productivity.
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Table l.1'. shows the consequent increase of real unit labour
3? /costs in manufacturing for major OECD countries. —

a )Table 1.**. Rising Unit Labour Costs ' in Manufacturing for M a j or

OECD Countries 1963 - 1976 "
(average annual growth rates,in %)

1963-70 3.3
1970-73 6.2
1973-76 9.8

- adjusted for changes in effective exchange rates
average for Canada, the US, Japan, France, the FRG, Italy, 
the UK, and weighted by 1970 exports of manufactures

Source: Adapted from table 22 of OECD - "The Impact of the Newly 
Industrializing Countries on Production and Trade in 
Manufactures", Paris, 1979

(b ) Changes in the cost structure

Significant changes have been taking place in the cost 
structure of industrial production and labour costs are 
no longer the only major concern. First of all, there has 
been the abrupt, and probably irreversible, shift upward 
in real energy prices, resulting in an increased search for 
alternatives to crude oil, and for methods of conserving 
energy. Similar developments have occured, at least till 1977, 
in the costs of certain raw materials, for instance phosphates 
and various non-ferrous metals. Further, viewed from a 
capitalist perspective, environmental and social regulations 
of industrial production meant additional costs. in fact,

3&/as Barnett has 3h0wn, the eests of those measures needed
simply to keep at a constant level the environmental changes 
and the health hazards for the labour force, characteristic 
for the prevailing mode of industrial production, have
reached already astronomic dimensions.



In addition, the cost structure of firms has become in
creasingly rigid, as the proportion of fixed costs, including 
interest and wages, that do not decrease with a fall in pro
duction, has significantly increased. This has been due 
basically to two developments:

- Changing patterns of industrial financing, with the recourse 
to external funding increasing in importance, which in turn 
increased debt levels of firms;

- The increasing interventions of social and labour legislation 
and the growing pressure exerted by trade unions to in
crease job stability.

With the transition to industrial stagnation and in  the con
text of oligopolistic competition this increasing rigidity 
of corporate cost structure has led to a chain effect of 
rising costs leading to rising prices which, in turn, de
termine the increase in wages which, in order to keep 
real standards of living, had to exceed productivity 
growth.

In other words, the declining scope for pricing policy due 
to the increasing rigidity of corporate cost structure further
contributed to the vicious circle of industrial stagnation

Uo /and monetary inflation, called stagflation. — ■

(c ) The sharpening fiscal crisis of the state

During the industrial boom period, the domiant modes of state 
intervention in major OECD countries have been considerably 
changing. Public expenditures have been increasing, public 
recepts declining, and the consequent fiscal crisis has 
meant that, overall, the state has become increasingly less 
capable to create the preconditions for and to guarantee
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sustained growth. In addition, this meant a decline in
the state's capacity to neutralize and counter the unequalizing 
effects of market-led growth on specific income groups, 
sectors and regions, together with a weakening of its capacity 
for crisis management.

Underlying this intensifying fiscal crisis have been various 
developments:

First of all, public expenditures geared to non-productive 
uses, in particular to welfare and military purposes have 
been significantly increasing, with the result that a
growing part of the economic surplus has been taken away from 
capital formation.

Second, rising public expenditures associated with the 
expansion of government interventions and other public 
sector activities have increased the relative tax burden 
to such levels that neo-conservative fiscal doctrines found 
easy ground for counter-vailing campaigns, the socalled 
"tax revolts". — ^

Third, as a result of the growing concentration and inter
nationalization of some leading industrial, commercial and 
financial capital groups, their capacity for evading at 
least partially tax payment via global transfer pricing 
techniques and through technical and geographic relocation 
has dramatically increased, -JL/ further adding to a reduction 

of government receipts.

Fourth. concerning public investment, the increasing impor
tance of investment outlays for welfare and military purposes
has meant that the already low productivity of capital pre-

. U 1* /vailing in public sector investments has further declined, —  
thus adding to the already explosive growth of public ex
penditures.
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All of these aforementioned developments have dramatically

increased public sector debt levels in major OECD countries, 
with the result that the state is increasingly running into 
difficulties to found r+d outlays geared to the development 
of new basic innovations. in addition, growing public
sector debt adds considerably further pressure to the already 
fairly intensive inflationary processes.

(d ) Demand stagnation, particularly for former growth industries

With regard to demand, probably the most significant changes 
relate to consumption demand: strong saturation trends 
for major durable consumption goods, such as cars, TVs and 
watches, and qualitative changes, such as a new preference 
for reliability and quality and for new products and services 
related to health, education, leisure and energy-saving.

A case in point would be the dramatic erosion of demand 
for cars in major OECD countries.

Table 1.5- gives the trend estimates of demand, both for commercial
vehicles and passenger cars, as developed by the OECD-Inter- 
futures project. This table is based on the assumption 
that by 1990 car demand in major OECD countries will have 
reached limits of saturation; from then onwards new demand 
will have to come from COMECON countries, NICs and OPEC 
countries.



Table lo  • Trends of demand in the car industry

(i) Shire o f the various regions in growth of world stock o f motor vehicles (%)

Region Passenger cars Conwrclal vehicles

1960/1976 1976/2000 1950/1976 1976/2000

OECD developed countries 63 31 72 35

Less developed European countries 4 8 3 4

Eastern countries 5 25 9 17

Rest o f the world 8 36 16 44

World total 100 ICO 100 100

(ii) Total demand for passenger cars

Region
Nuaber

(thousands;
1974

Percentage
of

world
dewand

Nuaber
[thousands}

2000

Percentage
o f

world
dewand

Percentage
of

repiacwMnt 
dawend In 

1990

North heerica 11273 41.0 13500 23.7 84.8

Western Europe 9498 34.6 14900 26.1 87.8

Japan 2670 9.7 4400 7.7 84.3

World 27477 100 57000 100 75.0

(iii) Demand for commercial vehicles (millions)

Region 1976 2000

North taerlca 28.4 43.0

Western Europe 10.5 ¿6.0

Japan 10.9 16.0

world 67.1 164.0

Source: OECD-Intafomm -  "Facing the Future.. Table 59, p. 354.



In addition, also the second major growth industry of the 
post-war industrial growth pattern, i.e. bulk chemicals 
based on petrochemical feedstocks, is confronted with 
significant reductions in demand. This would apply in par
ticular for fertilizers, fibres and plastics and other 
synthetics substituting natural products . —

(e ) Intensifying world market competition

Amidst a sharpening world economic crisis, private firms 
based in OECD countries are facing increasing difficulties 
to open up new markets and to further internationalize 
industrial production and finance. In a growing number of 
world market segments, competition tends to become increasingly intense 
and new forms of cut-throat competition and neo-protectionist 
regulations are rapidly emerging. We have shown elsewhere 
that the dominant concern remains intra-OECD rivalry which 
gives rise to ever new rounds of a global technological 
race and that competition between major OECD based .'firms 
is now encompassing even the remotest comers of the world 
economy. In addition, cost competition from prodcution sites 
in some NICs and COMECON countries has also gained in importance, 
but still remains restricted to a handful of industrial sectors 
and here again to products and stages of production which over
all are characterized by a low-value added and by a still

lift /relatively low technological complexity. -

The upsurge of barriers to global market penetration and a 
further internationalization of industrial production and 
finance occurs at a moment when the pressure both for private 
firms based in and governments cf major OECD countries to 
expand the world market integration of their industrial pro
duction, trade and finance has been dramatically increasing.
For instance, for a growing variety of market segments, private 
firms based in the OECD region are faced with stagnating and 
even declining demand and thus do not have much choice but 
to try by practically any means to open up new markets abroad.
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In addition, major economies lik<> for instance the FRG 
have reached already very high levels of dependence on 
expanding exports and worldwide sourcing networks and this

1*0 /would apply particularly for their key industrial sectors. —

In other words, the pressure to expand world market integration 
of industrial production, finance and trade is a logical 
outcome of the "industrial growth model" which has evolved 
after the second world war in major OECD countries. What 
is new today is that the scope for crisis management via 
global economic projection, which has worked so well during 
the 1960s and the first years of the 1970s,has become 
extremely narrow today.

tà
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1.3 Crisis, Innovation and Industrial Restructuring - Some 
Preliminary Conclusions

Since the end of the 1960s, a profound economic crisis has been 
building up in practically all economies of the OECD region. Its 
indicators are all too familiar: stagnating private investment, falling
rates of productivity growth, the increasing fragmentation of the 
labour market and the decline of real wages, the consequent pressure 
on state expenditures, particularly welfare-related expenditures, the 
worsening fiscal crisis, and, in a sense reflecting all of these various 
developments, the increasing rates of unemployment and of inflation.

More than ever since the 1930s, Western societies are experiencing 
a retrogression of living standards and major social unrest would seem 
to be imminent.— 1̂

In addition, what is new about the present crisis, is its global 
nature: simultaneously it hits countries and regions with widely diverging
socio-economic structures and it dees so on a truly world-wide scale.

This means that the scope for overcoming the crisis in the context of 
a national economy has become extremely narrow, even for a country like 
the US.

Add to this that, as in any crisis of a society, major economic actors 
are loosing their confidence in established patterns of anti-crisis 
management. In fact, the social consensus on how government intervention 
should be organized to counter the economic crisis has been rapidly withering 
away in practically all societies of the OECD region, with the probable 
exception of Japan (how long?). In a situation, where much more public 
intervention and other forms of social control over market forces would 
ha.-s been needed to stem the tide of the economic crisis and where the 
selectivity and coherence of these interventions should be improved, the 
very opposite seems to occur: a powerful movement towards the disengage
ment of the state from economic regulation seems to be under way, aiming 
at the re-establishment of a 19th century-type laisser-faire capitalism. — ^

- 39 -

tà
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Besides its extreme manifestations in the UK and in the US, this movement, 
under the pressure of the deteriorating fiscal crisis, has already 
started to spill over to practically all other OECD countries with the 
possible exception of the new government in France. In other words, 
in a situation where concerted policies of immediate crisis management 
and long-term structural change would be needed, the institutional and 
instrumental foundations for such policies are being increasingly undermined.

This is the situation in which we have to analyze the interplay of 
innovation and industrial restructuring. The key question is what type 
of conditions should prevail if innovation is to induce a process of 
transition to new growth patterns?

In the final analysis, the rythm and the forms of technological change
depend as much on the underlying social and economic structure and
the actors involved as on the availability of innovations. In a period
of crisis, the dominant economic circuits and social relations need to
undergo a profound change. In other words, innovation and industrial
restructuring are confronted with the need to converge structural changes
in production and consumption in such a way that new forms of coherence
can be established between the prevailing modes of production, the
industrial organization, and the prevailing patterns of wage formation
and income generation. It should be remembered that after the Big
Depression of the 1930s it took nearly three decades to establish this
kind of dynamic coherence between patterns of production, wage formation
and consumption patterns which have been one of the basic factors underlying

52/the post-war growth period.—

Today, however large may be the potential for applying available
technical innovations, the problem seems to be much more one of social
innovation. Whether or not Western societies will be able to make
available new product and process technologies at the right time and
at sufficiently low cost, is indeed a crucial issue. In addition,

53/however, four major challenges would have to be met: —

- Will it be possible to avoid a transition to a cumulative crisis 
guaranteeing minimum levels of real income?
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- Will it be possible to define in a new way the time spent on labour 

and its contents?

- Will it be possible to reformulate a viable doctrine for public 
intervention underlying any type of crisis management and 
industrial restructuring?

- And finally, will it be possible to increase the degree of social 
consensus on what type of innovation should be promoted and how 
should it be linked to production and consumption?
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CHAPTER 2.
THE CRISIS OF SEMICONDUCTOR MANUFACTURING 
FROM THE CHIP SHORTAGE OF 1979 TO DEMAND 

STAGNATION AND PROFIT SQUEEZE



1
2. The Crisis of Semiconductor Manufacturing - From the Chip 

Shortage of 1979 to Demand Stagnation and Profit Squeeze

2.1. An Industry Highly Vulnerable to the Economic Crisis

.2.1.1. The Myth of a Crisis-Resistant Industry

Because of its high growth and increasing pervasiveness, it 
has become fashionable to view the electronics industry as 
crisis-resistant. But this is clearly a misleading belief.
In fact, this industry, and particularly semiconductor manu
facturing, have turned out to be highly vulnerable to cyclical 
ups and downs, and even more so to the underlying structural 
crisis. Annual variations in demand, and consequently also 
in production, of 10 to 20# are assumed to be "normal" in 
this industry.

Figure 2.1. aid table 2.1.give a picture of annual fluctuations 
in production and demand for the US and France.

Fig.2.1. Annual Fluctuations in Semiconductor Production in the 
US, 1968 - 1978

- U3 -

1368 1970 1972 1974 1976 1978

Source: Chase, P.S. et al - "Trends in Components", Stanford 
Research Institute, 1975, p. 13



Table 2.1. Demand for Semiconductors in France - Annual Fluctuations. 
1970 - 1976 (million francs)

1969 1970 1971 1972 1973 1974 1975 1976
577 677 557 701 1046 1475 1183 1407

S- rce: Usine Nouvelle, April 1976, quoted from: Truel,
February, 1?80, p.59*

What is behind these fluctuations is a built-in gap between 
supply and demand - periods of chip shortage alternate with 
periods of demand stagnation and consequently surplus production.

2.1.2. The S e m i c o n d u c tor Crisis Cycle - A Simplified_Model

The following highly simplified model identifies some basic 
factors conditioning these vide fluctuations. Three periods 
can be discerned:

I) Periods of chip shortage

They induce users of electronic devices to pile up surplus 
inventories« Producers on the other hand tend to invest 
heavily in new production lines and the development of new 
devices.

II) The transition to demand stagnation, surplus production 
and profit squeeze

When the new production lines get on stream and the new 
products are about to emerge on the markets, demand growth 
turns out to lag behind the original projections. The

4
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relative decline of demand growth is basically due to the 
following factors: the already mentioned surplus inventories; 
the fact that it turns out to be much more burdensome and
costly than originally projected to expand the applications
of microelectronic devices to industrial products and processes; 
the accelerating speed of technological obsolescence; and, 
last but not least, the overall impact of a general economic 
crisis.

Ill) The way back to a new chip shortage

Demand stagnation and profit squeeze usually induce firms to 
cut r+d outlays and investment to lay off workers and, to 
some degree, also trained personnel, and to phase out un
profitable product lines. In other words, the foundations 
for a new chip shortage are laid.

Reality is of course much more complex. The interrelations 
for instance between the various types of product families 
and product generations are highly complex and are undergoing 
rapid change; further, it makes a difference whether r>roducts 
ere related in a complementary or substitutive manner. More 
importantly, firms do not act in a homogenous manner; new
comers for instance like the Japanese firms after 1974-/75 
tend to take a more aggressive position and thus would not 
immediately adapt their r+d and production capacities tc 
any decline in demand. Some of these developments, i.e. the 
interaction between crisis and industrial restructuring, 
are reviewed now more in detail.

t-
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2.2. The Chip Shortage of 1979

During 1979 end the first half of 1980 the semiconductor 
industry could no longer keep up with expanding demand. 
Even big user firms like NCR (»National Cash Register) and 
Data General were hit by this shortage of chips. -/

What are the factors behind this chip shortage? First of 
all it is the logical outcome of the reaction of major 
OS semiconductor firms to the crisis of 197*+/75. Then, JS firms » 
in trying to adapt to stagnating demand, faltering 
prices and the concomitant profit squeeze, cut back on in
vestment, r+d outlays and laid off a significant part of 
their research teams and skilled personnel. ^  With demand 
taking off at a much faster rate than expected, these firms 
only two years later were in the somewhat paradoxical situa
tion of being unable to build up in time sufficient pro
ductive capacities, let alone to hire skilled personnel.
The Japanese firms which through aggressive pricing policies 
during 1979 were beginning to increase their market shares, 
especially for mass-produced memory chips, still did not 
have sufficient production capacities to compensate for this 
increasing gap between growth of demand and supply.

In addition, three structural factors did play a role:

- monopsonistic trends on open semiconductor markets;

- the dramatically rising fixed capital requirements of 
semiconductor production;

- the insufficient and declining profitability and increasing 
problems to find investment capital.

1
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2.2.1. ypnopsonistic Trends on Open Semiconductor Markets

During the last years, some of the largest users of semi
conductors which traditionally relied almost exclusively 
on captive production, have been forced to buy chips on 
the open market. This is due on the one hand to the un
expected demand surge for end products, for instance 
computers. On the other hand, internal semiconductor pro
duction facilities have been running increasingly into 
problems.

Take for instance IBM. Because of a demand boom for its 
computers, IBM since ^971 has become a major purchaser 
of chips on the open market. By the end of ‘1979, informed esti
mates put IBM's i980 open market needs at 25 million- 
50 million 16 kRAMswhich amounts to half the industry's 
1979 production of that kind of chips.

The number of large users purchasing chips on the open 
market is likely to increase permanently. According to 
Dataqugst.. the number of companies using core than 0 100 
million worth of chips a year has increased from one to 
seven since 1976 and will reach 17 by the end of 1981. —^
This has important consequences for industries now designing 
chip-based products. For them, the lesson of the 1979 chip 
shortage has been that,even for huge demand volumes, they 
cannot be sure to steer clear of difficulties to secure 
regular chip supply. For instance, even the US -car industry 
had some difficulty during 1979 in persuading semiconductor 
firms to bid for its business.

2.2.2. The Dramatically Rising Fixed Capital Requirements

In the late 1960s,a basic semiconductor-raking facility 
could be built for about % 2 million. Today, it would cost 
at least $50 million - and probably very much more.
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This has had basically two effects:

- Increasing barriers to entry, with the effect that during 
the 1970s only three new firms were started in the United 
States.

- Increasing financial burdens for the established firms.
In 1978 for instance, and again in 1979» fixed capital 
spending has been increased by 50# so that fixed invest
ment represented 16# of total sales.

Basically, a radical change of the economics of producing 
semiconductors is taking place. We will take up this issue 
more m  detail. -

2.2.3* Insufficient and Declining Profitability and Problems 
to Find Investment Capital

At least till 1979, the semiconductor industry was not 
earning enough profit to finance its own phenomenal growth. 
According to the US based broker firm Merrill Lynch, from 
1975 to 1979 the industry has suffered a 31# fall in its
average return on equity funds and an 18# decline in pretax

T /profit margins. -

During 1979 at least, this falling profit rate had 
the result that venture capital kept avoiding the semicon
ductor industry. Instead, it was put in fir*«« 
applying chips or looking for entirely new sectors such ab 
biotechnology to exploit.
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conductor industry which at that time supplied over 6 0% of 

the world market, could expand capacity to keep pace 
with demand. This v/ould mean that user industries, parti
cularly those outside the big established oligopolies like 
for instance the car industry, would be forced to take a 
much more conservative view on decisions to launch chip- 
based products.

Then, the prevailing perception was that for the 
first time, the price of microelectronics circuits

could become an issue. During 1979 in fact the shortage^ 
have been increasingly reflected in semiconductor prices. 
Their long-term decline was abruptly stopped. For some 
products, prices have actually risen by 15-20#. —^

In summarizing the outcome of the 1979 chip shortage in 
March 1980, The Economist stated: "In theory, this (=price 
increase, D.E.) should provide the inducement needed to 
expand capital investment at a sufficient rate to abolish 
the shortages. But it will not, because there is an even 
more fundamental shortage than thft of capital - a shortage 
of skilled people. This will incidentally frustrate the 
ambitions of Europe to fill the gap in the market being 
left by the US and Japan."



2.3 • L'emand Stagnation and Profit Squeeze - borne underlying factors

2 .3 • 1 - Some Basic Facts

Since the last quarter of 1980, manufacturers of microchips are 
clearly feeling the impact of the current world economic crisis. 
These firms, which have been used to extremely dynamic demand 
much in excess of existing capacities, very high growth rates 
of turnover and first class profit margins, are all of a 
sudden faced v/ith demand stagnation, ferocious price wars, 
dramatically rising cost burdens and with a very significant 
reduction of profit margins. Already a process of adapting 
existing production capacities, and of re-sheping corporate 
strategies and structures is under way, ranging from periodic 
short-term plant shut-downs and reduced work schedules, to 
massive lay-offs of personnel and the pulling out from un
profitable product lines.

Of immediate importance for manufacturers of semiconductors 
is the fact that, starting from the second half of 1980, the 
electronics industry in general is again in for a new crisis. 
According to the 1981 Worla Market Forecast of the renowned 
trade journal Electronics. — ^the "... economic outlook ranges 
from poor (in Europe), to confused (in the U.S.), to so-so 
(in Japan). Electronics growth rates are generally expected to 
be flat or to slow, but as usual, there are silver linings. 
Computers and peripheral equipment, for example, will chalk 
up substantial gains in all three major markets." The Electronics 
survey then predicted a 12?á increase for total equipment 
consumption from % 150 billion to $ 168 billion. In the 
meantime, the sagging worldwide economy, coupled with the 
tight monetary policies, particularly of the new US administration, 
have rendered these projections completely obsolete and 
even the more dynamic sectors of electronics equipment like 
computers and peripheral equipment, are increasingly running 
into difficulties. The crisis of the electronic equipment 
sector is bound to be reflected in the semiconductor business.
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Particularly hard hit are the makers of "mass market" chips 
like Texas Instruments, Intel, Mostek and National Semiconductor.

T&ke, for instance, the market for 16 K RAM chips used in 
almost every product in which a microprocessor is to be found. 
Here a ferocious price war has been sparked off, basically due 
to a combination of two factors: the enormous excess capacity 
which has come on stream since the beginning of 1980, together 
with the demand stagnation for chips in practically all major 
application areas except the military sector, mini-computers 
and telecommunications. In February 1980 for instance the 
average price of a 16 K RAM was 0 5» 38 and by February 1981 
it was 0 3*82 according to the U.S. Semiconductor Industry 
Association (SIA). But in June 1981 no one would expect to 
pay more than 0 1.50 for it- — f

In order to understand what happened we need to analyse more 
in detail the following questions:

- what are the factors behind the emergence of enormous 
excess capacities?

- what are the causes lor the dramatically rising cost burden 
of semiconductor manufacturing, particularly with regard to 
LSI and VLSI chips?

- what ha3 been the impact of the world economic crisis on 
chip demand in major application sectors?

2.3.2. Factors Conditioning Excess Capacities

Today's excess capacity, particularly for mass-produced, non- 
customized chips which go into a diverse range of products 
from computers to pocket calculators and electronic games 
like Space Invaders, was installed by the leading us and Japanese 
semiconductor firms, primarily in reaction to the great 
shortage of micro-chips between 1976 and the middle of 1980.



At the time of the last slump in the semiconductor industry 
in 1975 all the US companies slashed capital investment pro
grammes and staffing levels and this left them unable to 
meet the boom in demand when the market picked up again.

The result was that,when the boom came,it was mainly the 
Japanese firms who,, because they had kept increasing r+d and 
production capacities, particularly for 16 K RAMs, were able 
to react. While Japanese sales in the key US markets were 
minimal in 1975, in 1981 they were estimated at 7# by the 
SIA. But for certain products it is much higher. For instance, 
the Japanese now have 4-0# of the market for 16 K RAMs which 
are consumed in great quantities by computer makers.—  There 
are considerable fears in the US that the Japanese will have 
an even bigger share of the next generation of memory chip, 
the 64- K,which can store 4 times as much information as the 
16 K. Figure 5.2.shows that in October 1980, estimates on the 
Japanese share of the 64 K RAM market ranged from 40# to 
60#. ±1/

This in turn has led US manufacturers, particularly the leading 
ones, to devise a two-pronged counter-vailing strategy:

- All of them rushed to invest heavily in modernized pro
duction facilities dedicated to mass produced non-customized 
chips such that economies of scale could be pushed to the 
extreme which would make it possible to counter the aggressive 
pricing policy of Japanese firms.

- All of them invested in r+a and the procurement of state-of- 
the-art equipment in order to be the first to bring to the 
market new generations of increasingly miniaturized and 
powerful chips.



¿.3.3. Causes Underlying the IneT-pasintC Cost B u rden

This leads us to our second question, i.e. the causes under
lying the dramatically increasing cost burden of semiconductor 
manufacturing. The accelerating technological race caused by the 
aforementioned conflicting corporate strategies has meant 
that as each generation of equipment gets more expensive, it 
also becomes obsolete much more rapidly.

A recent study by the US Semiconductor Industrial Association (SIA) 
for instance found that the average US semiconductor company has to 
spend 28? of sales revenue on investment and research.— ^

It is important to note that according to the same report the R+D 
element has remained more or less constant throughout the last decade 
at 75» of sales. In other vords, it is safe to assume that the increasing 
cost burden will not . be matched by an increasingly strong innovative 
capacity. Without such an improved innovative capacity, hovever, the 
industry will hardly be able to cut through.the Gordian Knot of demand 
stagnation and profit squeeze, by developing nev devices, applications 
and most important of all, by designing much more cost-efficient processes.

The rising cost burden is due primarily to a tremendous increase 
of capital investment vhich has risen from 12? of sales revenue in 1970 
to 21? in 1981. Finally,the accelerating speed of obsolescence can be 
gathered from the fact-- that the average age of installed equipment to 
make the chips has been falling steadily to U.U years, 12? less than
in 19T5.

15/

2 . 3 . ̂  . The Impact on Chip Demand

»,

t

With regard to demand it is not so much that demand has fallen, 
rather that its previously pbenarnsnal growth has slowed down. And this hurts 
the manufacturers because they are totally geared to expanding at growth 
rates of 25?, 30? or more, which have teen*normal for most of the 1970s. 
Furthermore, they need the growth to finance the ever greater cost of 
developing new generations of products that cram even more electronic 
components like transistors c . to a chip.
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Take for instance computer manufacturers. They still absorb vast 
quantities of micro-chips,but a number of these firms are running increasingly 
into problems, like Burroughs in the US, ICL in Britain and CII-Honeyvell-Bull 
in France. Still computers remain a growth area, particularly for the makers 
of mini-computers like Nixdorf in the FRG and Digital Equipment in the US. 
Hovever, some companies are delaying their purchases of more expensive 
systems. There has been also a .significant destocking of components.

Besides computers, there will be two other areas were demand will 
probably remain fairly strong, although it may not grow as fast as the 
chip makers would like.

There is no doubt a huge demand potential in telecommunications, and this 
pot®.tialwould grow even further once the converging of telecommunica
tions and informatics will gather momentum.

With regard to military spending, the Reagan Administration has 
been outspoken in its intentions to initiate a huge increase in outlays
for military hardware and R+D. Yet, it remains to be seen to what degree 
it will be politically feasible to implement this militarization programme.
After all, defence intellectuals from the RAND corporation 
and other think-tanks have rightly pointed out that due to supply 
rigidities most of these expenditures vill probably result in a re
heating of inflation rather than in fuelling the demands for avionicsl6 /
and other military -related electronic devices.

Hardest hit by demand stagnation have been consumer products 
containing electronics,from TVs and radios, hi-fi equipment and video 
to sophisticated vashing machines and micro-chip controlled hair-dryers. 
This would apply especially to Western Europe - witness for inst'ace the 
growing difficulties of Philips with its still dominant consume] products- 
orientation.
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2.3-5. Potential Future Growth Areas for Applications

But what about possible future trends in applications?

Semiconductor manufacturers claim that, however bad their present 
situation, there are a number of areas which will bring massive growth 
and Justify the current investments in increased capacity.

Five future growth areas for applications are usually mentioned ;

- Office automation which is expected to become one of the 
major growth areas as big companies install sophisticated 
communications and data-processing equipment.

- Huge programmes to establish telecommunications networks in 
developing countries, particularly in OPEC countries and 
NICs, and programmes to revamp existing telecommunications 
networks, particularly in Western Europe.

- The ear industry, both with regard to the computerization
of the end product (for instance, computerized engine control 
systems) and. with regard to expanding.the scope for robotization 
and flexible machining systems.

- Industrial applications in general, but particularly robots and 
industrial control systems.

- Finally, consumption-oriented applications are still expected
to grow but at a much slower rate as originally expected. In fact, 
mast industrial analysts would admit today that in the context 
of the present crisis, were growing unemployment and falling 
real incomes have already considerably reduced effective demand 
for a great variety ofncn-essential goods and services, 
the scope for spending more on electronic gadgets will tend to 
decrease rather than to increase. This is in striking contrast 
to the euphoric expectations which dominated public discussions

hardly two years when slogans like 'The computer will soon
put the US Library of Congress into every home" and "L'informatisation
de la Société", were still taken very much at face value. — ^

1



All said and done, the question is not vhetr^-' <* nuge potential for 
applying microelectronics-related innovations exists-father it is the 
impact of the present economic crisis on the behaviour of the social 
actors involved in these various areas and it is vith regard to this 
question that practically no-one can give a sound answer. This has

19 /been aptly put by one semiconductor manufacturer quoted by Financial Times:—  
"We can see the light at the end of the tunnel alright, but we still 
can't make out how long the tunnel is yet".

2.3.6. Crisis and C o r p o r a te Strategy - The Case of Texas Instruments

The impact of the present crisis of chip manufacturing on major 
US firms has been considerable. In addition, the scope for 
counter-vailing corporate strategies would seem to have been
fairly reduced.

T8ke for instance Texas Instruments, £^57 the world's largest vendor 
of micro-chips. Despite a $ 100 million increase in sales to $*1.06 billion, 
this company, during the first quarter of 1981, reported a 32JS drop in 
net profits in comparison to the first quarter of 1980, i.e. from $50.3 
million to $3^-2 million. The ’-er-measure3 taken by Texas Instruments1 
management were swift and far-rv .ing indeed: reduced work schedules
for over 10% of its employees have been in effect since the beginning of 
1981 Since end of May 1981, Texas Instruments is starting to cut its 
US labour force by 2800, i.e. by 35», and will phase out a number of 
production activities both in components manufacture and applications.
In eddition, there are plans to reduce and reshuffle considerably the 
company's global labour force. Activities to be phased out include 
liquid crystal displays, magnetic bubble memories, plasma panel displays,
Tiscos' distribution operations in the US, appliance electronics and 
selected lines of low-margin discrete semiconductors. In addition, 
the company intends to begin a phase-out of digital watch operations, 
in order to withdraw from this business.

Probably of greatest significance is the decision to axe bubble
'21/ . . .  memories. — '  Texas Instruments in fact had a major share in this industry.

By industry estimates, it ranks second to Hitachi as a supplier of bubbles,
holding 21% of the world market. Its sudden decision to bock away from
bubble memories has greatly upset their customers - makers of data terminals,
instruments and 6mall computer systems - and severely shaken confidence in
the future of bubble memories.



1
According to insiders quoted in the Financial 'rimes, Texas

Instruments did not have much choice left. Given its emphasis on the broad 
range of diversified activities based on a strategy to build up industrial 
synergism through planned forward integration, the sudden fall

in profits meant that "... the company simply did not have the resources 
to continue development work in every field."

In other words, the Texas Instruments strategy of broad yet balanced 
diversificat-'-'n based on forward integration, which originally was developed 
to protect the company against the vagaries of the economic cycles, in the 
context of the present crisis turns out to increase rather than to decrease 
the company's vulnerability. — ^



2. U . Perspectives for the Future

2.U.I. Conflicting Projections

Projection on future trends in the worldwide semiconductore 
market differ considerably, even for the relatively short 
perspective of the next two years. We will document this 
by quoting three different projections which have been 
made public within a period of no more than one year, i.e. 
between July 1980 and July 1981. We have deliberately 
quoted three of the most renowned sources in order to 
indicate that even the most serious attempts to project 
future trends in chip demand are based on very unsafe 
grounds.

Figure 2 .’2. presents estimates of G n o s t i c  C o n c e p t s  
I n c . ,  a leading US semiconductor consultant firm. In July 
1980 it assumed that the crisis would be over in the second 
quarter of 1981 and that from then on, consumption would 
be "back to normal", i.e. rise nearly exponentially.

ZiSi2-

Source: Business Week, 21 July 1980



A market study of Mackintosh Consultants Inc., published
Oh /in October 19^0t—  correctly predicted that a chip shortage 

would not become a problem, at least during 1981- In fact, 
because of heavy investment during 1980 in chip production 
facilities and the recession of 1981, considerable surplus 
capacities have been piling up.

Consequently, Mackintosh Consultants predicted that, in 1981, 
the growth rate of investment in chip production facilities 
would be considerably reduced. (Mackintosh estimate = -69$) This 
then would mean that in 1982, a chip shortage again would 
be highly probable. Based on this assumption, Mackintosh 
projects for th ■'ericd 1982 - 1985 an .average per annum 
growth rate of chip production capacities of 42?$.

Let us finally take a statement by
Ben Rosen, a leading semiconductor industry analyst and 
editor of the renowned Rosen. Research Inc. Newsletter of New 
York,at the recent annual meeting of the American Electronics 
Association (AEA), in Santa Clara/Califomia, July 1981.
Its major message is that the crisis of the semiconductor 
industry will probably continue well into 1982.
According to Rosen, the US electronics industry will be down 49$ 
and world-wide electronics business down 5% for 1981. The 
second quarter of 1981 would be flat like the first quarter, 
and the third quarter would turn down. Rosen expects a 
gradual upturn in the fourth quarter in the US, but Europe 
”is 3till a desaster". He sees the German IC business turning 
up again in mic-1932 and the US market getting back to a 
'healthy"209$ growth rate in 1982.
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2 . U . 2 . A F e r ce i ^ ' i S  I r i ce War

In contrast to the crisis of 197V75, the present one has 
not been primarily caused by a slump in unit demand, but 
by a ferocious price war leading to massive price reductions. 
In fact, some of the most important customers of IC companies 
are doing very well, and this would relate particularly to 
telecommunications, military applications and non-mainframe 
computers.

The real issue is the ever more intensive oattle for market 
shares in this industry which still is expected to have a 
very high growth potential in the long term. According to 
Rosen for instance, world-wide growth rates of semiconductor 
production could be expected to return to JO# a year starting 
from mid-1983-

It is this global competition for market shares' which has led 
firms to increase production capacities very rapidly and at 
practically any cost - with the result that since the second 
half of 1980 enormous overcapacities have been piling up.
In the words of Keith Chappel, managing director of Intel's 
UK operations: :,The global pattern this year (=1981, D.E.)
has been a steady rise in unit sales but with overcapacity

27 /driving prices through the floor."—  Add to this that Japanese 
firms are continuing to use cut-throat price conpetition 
as their major instrument to inciease their market shares, 
then it becomes clear why price reductions have become 
irresistible.

The resulting px-ice reductions have been substantial indeed: 
the price of the 2716 EFROM has fallen by a factor of 9 from January 
198Q till June 1981 while the 16 ’¿l RAM has gone from # 5-50
to ¡6 1 over the same time. "It is impossible to make up in2 q /
volume"“  Rosen concludes.



2.U.3- riecent Trends in the Memory Market

The introduction of VLSI circuits seem to require much 
more time than originally perceived. A case in point would 
be the protracted introduction of 64 K RAMsv

Hardly tvro to three years ago, around 1978/79, expectations 
were running high,assuming that at least by 1980 the 64 K 
RAMs would have already found a viable market and that 
highly complex standard devices would allow merchant semi
conductor firms to start a new round of penetrating additional 
applications areas.

Yet, by mid-1981, it has turned out that all these projections 
have been mere wishful thinking. In fact, according to 
Semiconductor International ~  practically all major Japanese 
and US firms would seem to agree on one point: whoever would 
dare to come out now with this 64 K RAMs on the market would 
probably make a huge loss. This would be so basically for 
two reasons:

- First, the overall decline of demand for ICs which has been 
caused by the worsening world economic crisis.

- Second, due to the rapidly falling prices for 16 K RAMs, 
there would be no-one on the market to buy these devices, 
simply because four 16 K RAMs would be substantially cheaper 
than one 64 K device.

Semiconductor International in fact comes to a very pessimistic 
conclusion: transition to real mass-production of 64 K RAMs 
will not start to materialize before the second half of 1982 
and this would apply both to Japan and the US.
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2 . U . 1*. The Forthcoming Rounds of the Semiconductor War - 
Changing Starting Positions of Major Competitors

The fight for the control over semiconductor world markets 
is becoming more intense than ever before. It is too early 
still to speculate which firms are going to win and which 
ones will be the loosers, but there are already some indi
cations that, for the next battles to emerge, starting 
positions of major competitors have already substantially 
changed compared to their relative positions in the 1974/75 
crisis. This would relate particularly to the three following 
issues:

- Major US merchant firms would seem to be in a somewhat 
better position to maintain market shares after the present 
slump than after the recession of the mid-1970s. Overall,
US semiconductor industry has cut this time capital spending 
only by 10# and its work force only a few percent. This 
contrasts with the 1975 crisis where the industry cut 
capital spending by 52% and many companies cut jobs by 
a third.

- With regard to yields and the quality of ICs, US firms, 
according to Rosen at least, would seem to have somewhat 
improved their position with regard to Japanese firms.
Rosen derives this evaluation from recent remarks by John Young 
president of Hewlett-Packard, who said that his company’s 
most recent measurements showed the quality and reliability 
gap between Japanese and U3 IC suppliers was closing rapidly. 
Young added that HP would not be surprised to see quality 
and reliability of US made 16 К RAMs become equal to that 
of Japanese parts in the next few months. —

- Finally, with regard to innovation, it would seem as if 
circuit innovation would be decisive for the next rounds 
of competition. In this area, US companies still seem to
bo the undisputed leaders. With regard to process technology, 
cMOS seems to become the most important: semiconductor pro
cess for the 1980s, and it is in this area that Japanese 
firms have a very strong position.
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CHAPTER 3.
INNOVATION m)  THE CHANGING ECONOMICS 

OF SEMICONDUCTOR liANUFACTURING



3- Innovation and the Changing Economics of 
Semiconductor Manufactnri ng

3.1. Innovation, Structural Transformation and 
International Location - the Context

Since around 1975, the semiconductor industry is experiencing 
some major tram formations, both in its internal structure 
and in its integration into the overall electronics industry.

In fact, the nature of its product has developed considerably:
from once being an intermediate input to specific types of 
electronic equipment, particularly data processing equipment 
and military systems, semiconductors have developed into 
powerful sub,systems which are about to be integrated in 
an ever increasing amount cf application devices pervading 
into pratically every aspect of social and economic repro
duction. In addition, the links between the semiconductor 
industry and the overall electronics industry have changed 
substantially. Rather than being dominated by exchange 
relations, technological spin-offs both from circuit design 
to equipment architecture and vice versa have increasingly 
gained in importance.

In trying to analyse these recent structural changes of 
the semiconductor industry, we will focus on the following 
three aspects:

- the interrelation between innovation and the changing economics 
of semiconductor manufacturing (chapter 3);

- an analysis of recent developments in the software sector, par
ticularly the socalled software bottleneck, and some of its 
implications (chapter U);

- the interaction between recent technological break-throughs and in
dustrial restructuring (chapter 5);

- and, finally, some implications for the international restruc
turing of semiconductor manufacturing and for global patterns 
of technological dominance and dependence prevailing in this
industry (chapter 6).



3.2. Trends in Slectronics Technology

3.2.1. Relevance and Criteria of Selection

Identifying trends in technology is of importance for various 
reasons. One of them would be the need to get a clearer 
picture of what are the most likely changes in the market 
structure, and in the sectorial and geographic location 
patterns of the industry.

Will the emergence of new technological developments contribute 
to a destabilization of prevailing market structures and 
will it allow late-comers to enter successfully the semi
conductor field? Or will it rather lead to an increasing 
concentration of control over strategic assets of this 
industry, such that huge, highly internationalized and di
versified firms will become the dominant actors?

Overall, it would seem that basic changes are already underway 
v/hich have hardly received a sufficient treatment in the 
existing literature. Take for instance market access.

Access to a specific market depends to a considerable degree 
on what kinds of technology are prevailing,and whether they 
are old or new. № us it has been argued that to enter market 
segments for products using mature technologies can be extremely 
difficult, because of their high-volume, fiercely competitive 
nature. Instead, market penetration would seem to be easier 
for products using newly emerging and developing technologies.-^

There is in fact a lot of confusion on what are old and 
new technologies. Technological developments currently re
ceiving considerable publicity - for instance microprocessors 
and LSI circuits - represent the application of research ten 
years old or more. These are in fact areas where significant 
further technological advances are hardly to be expected.
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Figure 3.i presents long-tern trends of technologies to 
design and produce microelectronic circuits. It shows that 
in this specific area of electronics technology a long way 
has been covered since the invention of the valve in the 
1920s. In addition, this figure charts the massive changes 
that have taken place since the early days, and provides 
a glimpse into the future, when very high speed integrated 
circuits (VHSIC) are expected to dominate the market.
Figure 3.1. Long-term Trends of Electronics Technology, 1920-1990

1K0 mo
-I—

ifio» IfH

iM B t ta a  
•Г titt

•tetar
almi «Ш  «MM Br OI* drtf

S.7, Ш Zk.Sk »MB
Mu USI >1» SMB вг at b b

Ы » •ut Ш  -  »  «MB в то^еи г
MIC ism - mm «мм ВТО* BB MS IC

Source: Electron!«Times. Ho. 109, 15 January 1961, p. 23

What then are the major technological trends to be expected 
in electronics and particularly in the semiconductor industry?

The term "electronics technology" is a short-hand for a great 
variety of problems and technological approaches. Table; 3.1 
shows that electronics technology, by and large, can be 
segmented into six main areas, ranging from materials 
technology to applications and interface technologies.



Table 3-1. Electronics Technology - Main Areas

(1) MATERIALS:: The technology concerned with the basic
raw materials consumed in fabricating 
electronic products (Example: Purifi
cation of raw silicon up to 
a purity level of 99-999 999#)

(2) COMPONENTS: The technology concerned with a single
unit which performs one electrical 
function

(3) SUB-SYSTEMS AND
MODULES :

The technology concerned with a composite 
of components (or a single, multifunction 
unit) that performs a specific set of 
functions

(4-) PROCESSES1 The technology - composed of both tangible
fabricated products and conceptual exper
tise - required for the manufacture of 
electronic products

(5) APPLICATIONS: The technology - primarily composed of
conceptual expertise - used in the design 
of specific electronic products to a 
definedapplications market segment

(6) INTERFACE: The technology - requiring a completely
new combination of skills - concerned 
with the problem of interfacing electronic 
devices and end-user systems (capital 
goods or consumer goods).(Example: the 
technology of machine-tool controls.)— __________________  _________________

Source: Further developed from Scottish Development Agency*.* April 
1979, p. 17

The important points to note here are:

- the great variety of knowledge recuired, encompassing for in
stance solid state physics, chemical engineering and high 
mathematics;

- the delineations between main areas are in a constant state 
of flux;

- the high degree of interdependence between the various areas 
of electronics technology.
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In what follows we will focus on recent trends in designing 
and manufacturing microelectronic circuits.

According to one leading expert, the "... manufacture of 
large-scale integrated circuits has a s its primary goal 
the lowest possible cost per electronic function performed. 
The main features of the fabrication processes adopted by 
the microelectronics industry can be best understood in terms 
of this goal. These features include the fabrication of 
many circuits at a time (an extraordinary example of mass 
production), the reduction of the circuits to vhe smallest
possible size and the maximum simplification of the pro-2 /cessing technology." -

Basically, the manufacturing of microelectronic circuits 
consists of four stages:
- design
- mask making
- wafer fabrication
- assembly.

The important point to note is that any firm striving to achieve 
systems control, should be able to master the first two 
stages.

Table 3.2 gives an overview of the major stages involved.



Table 3.2. Designing and M a nufacturing Microelectronics 
Circuits - Major Stages

I. Design
1. Conception of a New Circuit

- Specifying the functional characteristics of the device
- Selecting the processing steps reauired to manufacture it

2. Preliminary Design
- Estimating the size and approximate location of every 

circuit element
- Computer simulation of operational characteristics

3. Final Layout
- Determining the precise positions of the various circuit 

elements, by means of CAD

II. Mask Making 
--------1---

Generation of Optical 
Reticle

Pattern Generation by 
klectron-Beam Lithography

(- Generating from the 
computer memory a com
plete pattern for each 
layer of the circuit 
by scanning a computer- 
controlled light spot 
across a photographic 
plate in the appropriate 
pattern)

(= allows to write the 
pattern directly on the 
mask from the information 
stored on the computer 
memory; eliminates 2 
photographic reduction 
steps)

2. Master Masks Made by Step-and-Repeat Method

3. Working-Copy Masks Made for Photolithography

III. Wafer Fabrication

Inputs: Photomasks, process chemicals and prepared silicon 
wafers (can be produced in-house or bought from 
sub-contractors, see stage III.1)



TO

(1. Producing the I prepared Silicon Wafers)
- Reduction of raw silicon from its oxide, the main con

stituent of common sand
- Purification of raw silicon up to a purity level of

- Melting (14-20 °C) and adding desired impurities, known 
as dopants, to produce a specific type of conductivity, 
characterised by either positive (p type) charge carriers 
or negative (n type) ones

- Growing of a large single crystal
- Cutting into wafers with a thin high-speed diamond saw
- Smoothing the wafers by grinding and polishing them in 

an absolutely clean environment

2. Fabrication of the Integrated Circuits

2.1. Etching a pattern into an oxide

by chemical treatment; 
yields large quantities of 
corrosive acids)

2.2. Lithography
(= the key to microelectronic production technology, 
repeatedly required for the processing of any device, 
at least once for each layer in the finished structure)

techniques 
(the image of the 
mask is projected 
onto the wafer 
through an optical 
system)

lasma etching
(= Hlms of aluminium or 
polycrystalline silicon 
are selectively removed

("¿iy etching^)
(= the use of hot gas 
to lay down or remove 
material from the wafer)

Photolithography Electron-Beam and X-rav 
Lithography
(» allows to write the 
image of the mask

visual align- projection
ment techniques alignment

directly on the wafer)
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2.3« Selective Introduction of Dopants

Diffusion Ion Implantation
(Silicon is heated to a 
temperature of ca 1000 
degree C, so that impurity 
atoms begin to move slowly 
through the crystal)

(Dopant atoms are ionized, i.e. 
stripped of one or more of their 
electrons, and are accelerated 
to a high energy by passing them 
through a potential difference 
of tens of thousands of volts. 
Advantages: can be done at room 
temperature; doping level can 
be very acura-' aly controlled)

2.4. Depositing and Patterning Thin Films
(forming the uppermost layers of integrated circuits; 
is of critical importance for the overall yield and 
performance of the circuits)

chemical-vapour deposition 
(wafers are heated at around 
1200 °C in a dilute atmosphere 
of silaue, and a uniform film 
of polycrystalline silicon 
slowly forms on the surface)

low-temperature deposition 
(Advantage: High temperatures 
can cause warping and damage 
to the fine features that have 
already been inscribed upon 
the wafer)

2.5» Electricrl Test
(each die on the wafer is probed to determine whether 
it functions correctly; usually computer-aided)

IV Assembly

'i. Sectioning of the wafers into individual chips
2. Bonding the good circuits into packages
3. Connecting them to the electrodes leading out of the package 

by extremely fine wires, the socalled wiring*
4. Sealing of the packages
5. Final Tfcsting (the packaged circuit goes through an 

exhaustive series of electrical tests; except for simple 
devices, final tasting today is in most cases automated)
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With the race oa to find the best way of packing more in
formation elements on a sliver of silicon, i.e. with the 
transition from large scale (=LSI) to very large integrated 
circuits (=VLSI), three types of constraints r e getting 
of increasing importance:
- design capacities
- software capacities
- and the tools used to fashion microelectronic circuits.

We will analyse in chapter it the factors conditioning 
recent developments in the software sector —  ̂and possible 
future trends.On the hardware side, three major trends 
were of particular importance:

- a transition to new approaches to circuit design;

- recent developments in production technology;

- the increasing importance of applications technology and 
the consequent convergence between circuit and sysrera 
design.

All of these three major trends are closely interlinked and 
share one common concern - the need to break through the in
creasingly burdensome custom chip bottleneck.

This bottleneck has become in fact an important constraint 
for expanding the application of microelectronic devices, 
particularly to information processing systems. In order 
to understand its importance, let us first review recent 
changes in the structure of demand for semiconductors and 
how this has been reflected in the genesis of various 
types of semiconductors.





3.2.2. A New Type of Market Segmentation and the 
Emergence of Nev Technological Sub —branches

For a long time, the market for semiconductors has been a 
relatively simple one. market size was directly related 
to the price elasticity of demand and to the ability of 
semiconductor producers to proceed with price reductions 
along their learning curves. On the other hand, there was 
a fairly unequivocal relation between the type of technology 
used and market segments: bipolar devices mainly went to the 
data processing industry, and MOS devices to consumer 
electronics.

During the 1970s, a new type cf market segmentation has 
emerged which is basically due to the following developments:

- the convergence of circuit and systems design due to the 
increasing incorporation of systems functions on the chip;

- the increasingly complex interrelations between technology 
and applications, with the MOS technology in fact penetrating 
into most application areas;

- The increasing number of supplier firms and end users and 
their increasingly complex interrelations.

In order to get hold of the recent restructuring of the semi
conductor markets, we start from a categorization of semi-1,/ .conductors, as developed by T r u e l . —  He proposes to differentiate 
between five types of semiconductors:
- standard devices;
- exclusive devices;
- specific devices;
- dustom devices;
- microprocessors.

Standard devices are technically indifferent to the final use.



For them the compatibility between different producers is 
far-reaching, if not total. This would apply particularly 
to memories and to most of the discrete semiconductors.

Exclusive devices, like the standard devices, are technically 
indifferent to the final use, but are produced by just one 
producer,or a very small number of them, enjoying a 
technological monopoly. Of course, this category is the 
most fluid one, because the entrance of new producers could 
undermine the original position of "technological leadership".

Specific devices are semiconductors which can be mass produced 
but which can only be used in specific markets: logical cir
cuits for the data processing or the watch industries, codecs 
for the telecommunications industry and semiconductors for 
car applications.

Custom devices are designed to respond to very particular 
applications, often only for one client, and are usually 
offered by just one firm or at least only very few. Conse
quently, production runs are extremely short and unit costs 
of production tend to be very high.

Microprocessors are circuits which can be mass-produced and 
used for multiple purposes, and which, because they are 
"programmable" could, in principle at least, be fine-tuned 
to the specific needs of the final user. This adaptation 
could be realized by the end-user himself, for instance 
through the use of appropriate application software. Or it 
could be done by the producer cf the device who would then 
build some of the specific application requirements into 
the microprocessors. But the second solution, due to its 
very high costs in terms of additional design activities, 
will only be feasible at very large production runs and 
consequently is mainly used today in the area of car appli
cations. On the other band, reprogramming in reality can be 
much more difficult and costly than originally assumed*



due to the increasing "software bottleneck", it might 
simply turn out that appropriate programmes will not be 
available, or only at a prohibitive cost, in spite or these 
shortcomings, general purpose microprocessors or single chip 
microcomputers till the beginning of "1980 have been the pre
ferred choice over custom LSI circuits for an increasing 
percentage of applications. For instance, General Motors 
and Ford Motor Co. both choose microprocessors for million 
unit applications as more cost-effestive than custom LSI 
circuits. —

Recently, a new type of semiconductor has emerged on the 
market which is also a programmable device, the so-called 
semi-customized d e v i c e s , based on the gate array technology. 
We will discuss this sixth category later on in more detail.

The structure of demand for semiconductors is becoming in
creasingly complex and difficult to predict. There seem to be
four basic trends involved which, to some extent, are o v e r 
lapping or contradicting each other:

a) The market for semiconductors, overall, is undergoing a 
transition from a market where only a few "big shots"
had to be supplied to markets with rapidly increasi g 

numbers of fairly heterogenous final users.

A case in point would be the data processing industry 
where the emergence of seperate mini- and micro-computer 
industries and of a computer periphals industry has 
fragmented this market into hundred of firms and where 
the huge mainframe firms are increasing their in-house 
semiconductor production capacities in order to secure 
their own requirements.

The s'-me is about to happen, albeit on a much smaller
scale, for the industrial electronics sector.



b) The emergence of new mass markets for standard devices, 
particularly in the data processing industry, due to the 
development of ssmiconductor memories, both of the RAM
and ROM type. Increasingly, mass produced standard memories 
are also used in the other main market segments.

c) The penetration of new markets for integrated circuits, 
particularly the telecommunications industry and consumer 
electronics. A growing part of the integrated circuits 
used in these sectors are specific devices which have to 
be designed according to the very strict specifications 
received from the final user. This would apply for instance 
to the codecs used in the telecommunications sector for 
transforming analogous signals into numerical figures,
and for the integrated circuits used in the car industry, 
particularly for engine control systems or for the ICs 
used in the watch industry.

Table 3-3 documents the increasing IC consumption of these

t 'o sectors. For the car industry alone, world-wide IC* T /consumption in 1985 is projected to be at least $ 1 billion. ~

Table 3.3. Sector-Specific Consumption of Integrated C ircuits 
as a Share of Total World Demand, 1970-1985 (?)

o')Telecommunications 7 Consumer Electronics
1970 • 5 5
1976 10 15
1935 15 25
a)'»excluding military 'communications

Source: Figures are from Mission pour les Circuits Intégrés
as quoted in: Truel, Jaan-Louis - "L’industrie mondiale 
des semi-conducteurs", Dissertation, Université de Paris 
IX, Paris, February 1980, p. 226



d) The emergence of the industrial electronic sector, which 
previously used to consumeonly custom devices, as a market 
for memories and specific devices, like for instance 
interface and control circuits.

For the marketing strategies of semiconductor merchant firms, 
these developments had basically three consequences:

- distribution networks had to be established or improved
in such a way that they could also reach medium- and small
sized users of less sophistication;

- the range of products to be offered had to be broadened;

- the emphasis on standard devices had to be even further 
increased.

The restructuring of demand thus has led to a considerable 
revision of prevailing strategies of choice of products and 
of marketing. This process of revision still seems to be in 
an experimental stage and this probably explains much of the 
Seemingly "irrational'" zig-zags of corporate strategies 
during the last few years.

3-2.3. The Custom Chips Bottleneck

Custom chips are generally logic chips, jimilar to micro
processors, but they are designed to perform specific 
functions. Orders for custom parts usually rvn into the 
tens of thousands or even less. Consequently, mass production 
seemed to be out of question - at l east as long as one stuck 
to a specific design philosophy which assumed that chips 
have to be fully customized. This traditional design approach



to custom circuits meant that, although they take just as 
much time to decide and cost as much to put into production 
as standard circuits, profitability was low because high 
costs could not be spread over long production runs.
"Complex IC designs for low volume applications have always 
been an accountant's nightmare. The costs could not be justi-Q /fied most of the time." — This is why chip manufacturers 
tended to focus on standard devices.

From a user's point of view however, standard circuits 
have some serious shortcomings. It is extremely difficult 
to operationalize them with regard to specific "user needs".
It takes in fact a lot of corrective software engineering 
to fit them ex post to the requirements of the end user.
The economic rationale underlying this distorted and extremely 
wasteful way of interlinking microelectronic circuit technology 
and end user needs has been analysed elsewhere in detail in 
this report. 27 Suffice it to say here that semiconductor 
firms, when designing new chip generations, were only marginally 
concerned with end user needs. They are driven by a cut-throat 
competition forcing them to centre most of their activities 
on a frantic race to offer ever new generations of low- 
cos j hardware. The speed of introducing new hardware has 
been such that semiconductor firms had no choice but to try 
to adapt ex post the existing software to make the new hard
ware applicable to user needs.

Yet, there are clear limitations to this approach. Today, 
the costs of applying standardized chips to highly specific 
applications via corrective software engineering are rapidly 
getting out of control. There is a growing deficit of 
applications software and software engineer'-, who are able 
to understand interface problems and translate them under 
heavy time pressure into viable programmes. Further, standard 
chips are also uneconomic with regard to size, wastage of 
surplus capacity which will never be needed by most end 
users, and insufficient reliability.



In short, with ICs becoming increasingly complex, equipment 
makers' need for custom devices has been increasing dramati
cally. The reaction of the bigger user firms (for instance 
computer firms) has been to build up in-house design and 
production capacities for proprietary custom chips- — ^
But in most cases this has not been cost-effective.

Recently, however new approaches to attack the custom chips 
bottle have been emerging both in circuit and system design 
and in production technology. This has been due to the inter
play of various factors. Two of them are of particular im
portance, i.e. a new design approach made possible by recent 
progress in computer aided design (CAD) and processing tools 
and some interesting adaptations of corporate strategy. In 
what follows I will discuss seme of these issues in more 
detail.

3.2.1*. Trends in Circuit Design

At least till the end of the 1970s, research was focussed 
at producers of high-volume, high-density standard circuits 
which can be "personalized" or programmed to perform 
different functions through software. Yet, this type of research 
focus is increasingly running into problems today.

a) Constraints inherent to the conventional design approach

There are three major constraints inherent to the conventional 
design approach:

- Increasing constraints to produce in an efficient manner 
reliable high-density circuits: a case in point would be 
the problems faced even by leading US semiconductor firms 
to develop marketable 64 K RAM devices.— ^



- VLSI devices will have to demonstrate a cost advantage
over I£I devices. Today this is becoming increasingly diffi
cult given the price slump for major standard devicas. Take
for instance the problems to open up new markets for 64- K12/RAMs. According to Semiconductor International, —  as prices 
for 16 K RAMs are driven through the floor, marketing per
spectives for the new generation of 64- K RAMs are becoming 
extremely bleak. According to T. Atsuyoshi, Vice President 
of Nippon Electric Corporation (NEC): "If 64- K RAMs are 
brought to the market, no one will buy them, because four 
16 K chips will cost less than one 64- K chip."

- Increasing problems to produce devices which meet, with 
the help of appropriate software, the precise needs of 
end-user applications.

in other words, the focus on high-volume, high-density 
standardised devices characteristic for the 19^03, is in
creasingly becoming an impasse today. It is in this context 
that recent changes in the philosophy of circuit design, like 
for instance the development of semi-customized chips, based 
on the gate array technology, have to be analysed. Of equal 
importance are recent developments in the attempt to overcome 
the increasingly troublesome software bottleneck.

(b) Gate array technology — /

Recently, a new programmable LSI device has been emerging which 
will increasingly challenge microprocessors: uncommitted, i.e. 
programmable, logic arrays, the socalled gate arrays. Made with 
low power TTL Schottky or ECL circuits, gate arrays are roughly 
ten times faster than microprocessors. Of immediate concern 
are high speed applications in information processing and com
munications. Computer firms for instance which want to compete 
with IBM's 4300 machines, are increasingly requiring gate arrays.

The term "gate array" refers to a technique for producing complex 
microelectronic circuits quickly and cheaply. It has been pioneered 
eight years ago by Ferranti and was then called uncommitted
logic arrays (TJLAs).



Until very recently it has been a truly marginal technological 
paradigm. But today experts would agree that the 1980s will go 
down in electronics history as the decade of the gate array. — 1

The gate array concept is simple; standard chips are mass- 
produced containing a selection of logic gates and other basic 
circuit elements, omitting only the final inter-connection 
layer(s). The secret lies in the fact that chips are built 
up layer by layer. All the logic elements (called "gates"
Decause of the way they pass or obstruct electronic signals) 
can be fabricated in the lower layers, leaving only a last 
layer or two of metal to make the vital connection between 
the gates. As long as the final interconnection pattern is 
not specified, the chip remains uncommitted or programmable.
It is that final pattern of connections which determines
what the chip will do. So the customer simply specifies
the final layer on an otherwise standax-d chip defining
the particular interconnect pattern specific to his application.
Then a suitable mask is produced and final metallization
applied.

In short, a new type of integrated circuit has been created, 
the semi-customized chip: it can be mass-produced with a 
standardized arrangement of gates, but without the final 
circuit connections between the gates that determine how 
the chip functions. Experts further agree that gate arrays 
could solve the problem of designing increasingly complex 
circuity - and ensuring that this is done cost-effective]y 
and that it works. In fact, this new technology in addition 
to improving dramatically product and process technology, 
could also "revolutionize" the economics of chip design.

There are two issues involved:

First. to make the s"ep from the orthodox design concept of 
fully customized chips to the much more flexible design con
cept of semi-customized chips based on gate array technology. 
There is general agreement that this in fact will lead to 
significant reductions in design lead time and costs. Experts 
of Texas Instruments for instance suggest that to design a 
fully customized chip of medium complexity, say between 500 
and 1000 logic elements in density, could take up to a year



and cost up to US 250,000 - and then it might not work.• 16/first time. An additional assumption would be that designIT /would be done by hand. By comparison, they claim that to 
design semi-customized chips would take them as little as 
14- weeks and cost US # 4-0,000, Ferranti, after eight years' 
experience in this area quotes even significantly lower 
design costs within a roughly similar design lead time: 16 
to 18 weeks and L 3*000 for a 500 gate circuit.

In other wcrds, the transition from fully to semi-customized 
chips will clearly pay off.

The second issue concerns the design technique and instruments 
and the way of organizing the design process. On this issue 
opinions clearly diverge, especially with regard to the speed 
of change needed to secure cost-efficient design.

Let us first describe the objective problem: with increasing 
complexity of gate arrays, the disadvantages of conventional 
design techniques and instruments ("Manual Design Methods") 
might rapidly become a new bottleneck. The main reason would 
be that with highly trained and lavishly paid engineers 
it could become increasingly difficult to retain the fast 
design cycle time and low development costs. With design 
cycle time over-stretched and developments costs soaring, 
it would hardly be possible to realize a market penetration 
pricing policy, i.e. aggressive price reductions following 
the "learning-cost curve". Nor would it be possible for captive 
producers to secure cost-efficient in-house production.

It is no surprise that both Texas Instruments and IBM subscribe 
to this position and stress the need to "revolutionize" pre
vailing modes of design. The design approach of Texas Instru
ments for instance underlines the superiority of automatic 
interconnection routing in the reduction of design lead times. 
Using a sophisticated software package to determine automati
cally the placing of circuit elements and the interconnect
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patterns, Texas Instruments claims to need about 8 weeks to
build up the necessary computer files which describe the
hardware elements and the transfer function of the device.
Another week would then be required to run the autorouting
package on the 5 IBM 3033s at the Dallas, Texas, computer
center. Overall design lead time from inception to samples
would be 12 to 14- weeks and maximum chip utilization would
be 76# (for the A 540 gate array) and 84# (for the 1008 gate 

N 1 8 / array). —

A completely different design approach is taken by Ferranti, 
the pioneer of gate array technology. Ferranti claims that 
manual design methods aided by computer techniques to test 
consistency and produce mask making tapes, are perfectely 
adequate and more economical for today's gate arrays. Ferranti's 
manual design methods give consistently better chip utilization 
factors: from 85 to 90# over the last 5 years. Consequently, 
Ferranti is able to sell its 1,000 gate circuits for £ 2.50 
each whereas original price quotations (February 1981) for 
Texas Instruments'new arrays, which are comparable to Ferranti's 
in complexity but outdo them in speed, range from £ 10 - £ 25 
each. Asked for the reason for Ferranti's superiority in per
formance, David Grundy, Chief Engineer of Ferranti, claims 
that "... people are still better than computers at the kind
of pattern recognition needed to design an efficient array?o /interconnection pattern." —

Ferranti's design approach might be *.dluable today but will it 
also be tomorrow? For instance, Ferranti admits that as com
plexities and array sizes increase still further, w i n  have 
little choice but to take advantage of computerized methods.
In fact, it has recently spent more than £ 1 million on com
puter equipment for this purpose.

There is reason to doubt whether firms the size of Ferranti 
or even smaller, for instance the newly founded LSI Logic 
Corp.,— will be able to survive in this market. Ginnts like
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IBM and Texas Instruments are already heavily engaged in 
devicing strategies which would dramatic?'1 ly increase the 
"barriers to entry" and the "cost of survival" for medium 
and small scale firms. Fully integrated automatic layout 
systems require extremely high capital outlays and IBM and 
probably also Texas Instruments are already about to connect 
these integrated automated systems directly with an electronic 
beam machine (minimum unit costs for such a machine in 1980 
exceeded US $ 2 million)—  ̂ which writes tne final connection 
patterns on the wafer. In other words, it is difficult to 
see how medium sized firms like Ferranti, whatever their 
original technological strength, let alone newcomers like 
LSI Logic, would ever be able to break this new constraint
of interlinking directly design and production via new com-

'23/puter aid systems.—

3.2.5. Recent Developments in Production T e c h n ology

a ) Conditioning factors and major areas of change

Changes in production technology are becoming of increasing 
importance. In fact, Booz, Allen and Hamilton in their influential 

study on how to develop an electronics industry in Scotland 
even go as far as to claim: "Process technology holds the 
key to major advances in microelectronics."'

The major driving force behind recent changes in manufacturing 
technology has been the reduction of the direct labour content 
of the product. This statement is backed by the findings 
of a recent OECD study on the electronics industry which
has been based on interviews with scientists, technologists

■'25/and managers in leading firms and research institutions- —

The study found that "product and process innovations re
sulting from r+d activities in the electronic sector have
mainly resulted in savings on labour costs rather than in2^ /
a reduction of energy or material costs.,; —  Consequently, 
"...capital costs were increasing as a proportion of total
production cor, t. r;; and . .., ut, leant, in manufacturing, labour
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costs formed a declining proportion." For the semicon
ductor industry in particular "...it was felt that: 'in 
the last five years the rate of increase of labour pro
ductivity has increased' and that there has perhaps been ^
a tendency to over-iivest in labour-saving process innovation."

Four mwiTi areas of changes in production technology can be 
discerned:
- the use of new lithographic techniques
- the introduction of new processes for wafer fabrication
- the rapid proliferation of automation into all stages of 

production, including chip assembly
- the introduction of new production technologies in application 

areas and the consequent convergence of process and product 
technology.

Each of these changes could have important implications for 
the economics of semiconductor manufacturing and thus are 
likely to induce major realignments in the structure of this 
industry, the strategies and organizational patterns of major 
firms involved and in the prevailing patterns of international 
location.

We will trace out later on in detail some of these implications.
But first we will discuss each of these four major types of 

changes in production technology.

Overall, we will see that, due to the frantic race to squeeze
more logic on tiny silicon chips, the first generation of 
chip making equipment, first introduced less than ten years ago, 
is already becoming obsolete. Consequently the pressure to 
introduce a new generation of semi-automatic and extremely 
expensive equipment is becoming all-pervasive.
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Changes in lithographic t e c h n i q u es

Changes in lithographic techniques center on generating 
resolution of individual features with dimensions less than 
one micron. Conventional optical photolithography cannot 
achieve these dimensions - new lithographic techniques such 
as electron beam and eventually X-ray techniques offer a 
significant improvement over current photolithographic 
methods. Electron-beam systems for instance can print much 
smaller circuit details on a wafer, more acurately than 
optical systems.

Yet, the new lithographic techniques require extremely 
expensive equipment and thus are not yet profitable to use.
This is the basic message of a recent study by Mackintosh 
Consultants on the semiconductor micro-1ithography equipment 
and materials sector. According to this study, the following 
generations of lithographic equipment can be discerned:

- Earliest techniques used photographic masks in contact 
with the wafer surface to produce the circuit pattern.
Called contact aligners, this type of equipment today is 
mainly used for discrete semiconductors.

- The move in recent years has been to projection aligners 
where mask and silicon surface are seperated and now to 
direct-step-on-wafer techniques, the socalled wafer steppers, 
where each circuit pattern for each chip is impressed 
separately onto the wafer surface (each wafer yields 300
or more individual chips).

Contact aligners, projection aligners and wafer steppers all 
belong to the family of optical semiconductor equipment used 
to imprint circuit patterns on the silicon surface.

There are two other types of equipment, more sophisticated 
but also uore expensive - X-ray equipment and electron beam 
machines.
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Many semiconductor firms are looking ahead to the time when 

electron beam machines can be used to write directly on the 
silicon surface guided by a pattern locked in tb* memory 
of an over-seeing computer. This technique is already used for 
complex chips where it can reduce the time taken to generate 
a circuit from 20 or mor^ hours to 60 minutes. But, as the 
Mackintosh report points out: "So far, a viable market for 
direct-write electron beam systems has failed to emerge. 
Currently three machines are in use at IBM, generally 
believed to be assigned to semi-production or development 
circumstances for very low volume circuits where the usual 
development of masks is not practical. Wafer throughput is 
extremely low and product costs are extremely high. While 
there are several electron beam equipment companies developing 
products for direct-write production purposes, a viable 
machine with practical wafer throughputs is^ot expected 
to be available until the 1982-85 period".

Even then, Mackintosh goes on to say, prices of these machines 
will be such, i.e. around 3 200.000 and mors, that market 
volume will hardly surpass 0 2 million p.a., i.e. roughly 
10 machines per year.

For X-ray equipment, on the of,,er hand, the scope fcr reducing 
the cost of writing small features on a chip seems to be 
somewhat greater.

Yet, the real market growth will lie with the optical equipment 
manufactureres like Cobilt and Casper (contact aligners). 
Perkin-Elraer and Cobilt (projection aligners) and GCA, 
Electromask, Oltratech, Canon, Hitachi, Philips and Censor 
(wafer steppers). The market for wafer steppers alone, according 
to Mackintosh, should be f> 9?9 million a year by 1985-

Overall, Mackintosh International suggests that a growth of 
4-3# annua, ly can be expected in the worldwide market for 
the Optical equipment. Table 3.4 summarizes the major results 
of the Mackintosh study.
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Table j ^  • Worldwide . Optical Semiconductor Tguipment 'larket 
Summary by Equipment Type, 1980-1985
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Source: Mackintosh International - "Semiconductor Microlitho
graphy Equipment and Materials Outlook to '1985", London, 
June 1981, quoted from: Cane, Alan - "Growth expected 
to be in optical equipment market". Financial Times.8 June 1981

c) New processes for wafer fabrication

Of particular importance for racent changes in process 
technology for wafer fabrication are new low temperature 
deposition processes and plasma etching.

Low temperature deposition processes avoid the very high 
temperatures, typically around 1200 degrees C, that are 
normally required. The advantage of low temperature operation 
is that there is no damage to the wafer. High temperatures 
can cause warping and damage to the fine features that have 
already been inscribed upon the wafer. As device intensities 
increase, this damage becomes critical.

Plasma etching, or the use of hot gas to lay down or remove 
material from the wafer, replaces "wet" processes using 
chemical batfcs. Plasma etching, during which unwanted areas 
are removed from the wafer surface, has several advantages
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over chemica?. processes. It is practically essential for 
VLSI devices since the chemical baths cannot be very 
accurately controlled. Plasma etching is also safer as it 
avoids the messy business of dipping wafers into dangerous 
chemicals.

Other new processes for wafer fabrication include ion
implantation and las^r annealing.

d) The proliferation of automation

One of the most important developments in semiconductor pro
duction technology is the rapid proliferation of automation 
into practically all stages of production, including chip 
assembly.

A good test case for the state-of-the-arts in mid-1981 
of automating semiconductor production would seem to be the plans 
announced by Nippon Electric Corporation of Japan (NEC) in July 
198-1 to build a % 100 million semiconductor plant In Roseville, 
near Sacramento/Califomia. This plant would use the most advanced 
and highly automated equipment for the production of ICs by a 
merchant supplier :n the US. It will be equipped with 
the very latest i'l r fabrication, assembly and test equipments 
and will have a through-put of 75,000 to 80,000 wafers per 
month when it becomes fully operational in 1985. NEC says that 
it will make very large-scale integrated circuits - memories, 
microprocessors and gate arrays - i.e. the most sophisticated 
products available on the market. First products from the 
factory will be 64- K dynamic RAMs, the building blocks fer 
large computer memory stores. By 1934- - 35 it is expected 
that the plant will be able to turn out the next generation 
of veiy large-scale integrated circuits which will include 
256 K dynamic RAMs and advanced microprocessors. NEC also 
plans to produce Read Only Memories (RCM), another important 
élément of computer memories. According to NEC's executive



vice-president for the US, Charles Wood, NEo will make il28 K 
and 256 K ROMs at the new plant.

The NEC project indicates to what degree automation will
affect semiconductor production in the years to come. 
According to Handel Jones of Gnostic Concepts, a market 
research company with close ties to NEC and other Japanese 
companies, the degree of automation at the NEC factory 
will be higher than that in any other semiconductor plant
anywhere in the world with the single exception of some of

—  . . 32/IBM's wafer fai -îcatxon lines. --

But the most important novelty would be that automation would 
also cover the traditional bottleneck of semiconductor pro
duction - the assembly stage at which finished chips are put 
into packages and bonded to the output pins that plug the 
integrated circuit into a circuit board. Automation of 
assembly will substantially reduce the required work force 
at the IC plant.

Projected employment figures for the plant are only 200 
persons when the plant opens, rising to 600 people working 
in the three shifts when it is working at full capacity. 
According to industry experts, typical employment figures 
for a plant with similar through-put might be expected to 
be closer to 1,500. Additional evidence on the scope for 
worker's replacement through transition towards automated 
bonding can be gathered from the experience of Electronic 
Arrays, the Silicon Valley based subsidiary of NEC which 
recently has introduced automated bonding devices at its 
Mountain View plant. One worker, using the automated 
equipment replaces now 50 manual bonding employees. ~

Automating semiconductor assembly has become toaay an 
established practice with major semiconductor firms. This 
would relate to both merchant firms and captive producers.
In fact, each of the major US semiconductor manufacturers 
has today plans underway tc build new, highly automated 
assembly facilities in the US,.



The rationale usually quoted for this move towards automated 
assembly is the need to speed up assembly in order to be 
able to react in a flexible manner to market fluctuations 
and the need to improve the yield of good devices.
Equally significant, training requirements can be substantially

3 * i  /reduced. According to Electronics —  it takes only two 
weeks to train a machine operator to work at automated bonding 
equipment, while it normally takes about three months
for a worker to become competent at manual oonaing.

For SEC, an additional motivation seems to have played a 
very important role: the distrust of all Japanese firms 
with regard to the US labour force. By automating semicon
ductor production to such a high degree the Japanese now 
feel that they can avoid the problems of employee management 
in the US.
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e) The transition towards automated assembly

According to a recent study by Mackintosh Consultants. the
the worldwide market for assembly equipment and materials
will experience a rapid expansion during the next five 
years.

Table 3.5 resumes market growth projections fox- major types 

of equipment.

35 /

Table 3-5. Market Growth Projections for Major Types 
of Assembly Equipment, 1980-1985

Years
Type of Equipment 1980 (mio 0) 1985 CAAGRa) (#)
(1) Lead-Bonding 

Equipment
- The rmo c omp re s s ive 
wire bonders 
-Gang bonder 
equipment

70

Have the «

183

;reatest

15

21

market share 

50
(2) Die-Seperation 17 43 20
(3) Die-Attachment 12 28 18
(4) Packaging 

Equipment
-molding presses 
-flat-plate- 
aperture molds

61
-drastical] 
-significai 
but still

78
y decli 
ìtly ine 
of rela

5
ning markets 
reasing markets, 
tively small volume

'CAAGR=* compound average annual growth rate
Source: Figures are taken from "Semiconductor Assemoly Equipment 

and Materials Outlook - 1985"* Mackintosh Publications 
Ltd., Darmstadt, June 198', quoted from Blick durch die 
Wirtschaft. 13 July 1981, p. 7



- 93 -

Ercept for packaging equipment, average annual growth rates 
of demand are expected to be very high, ranging from 18# 
for die-attachment equipment to 50# for gang bonder equipment. 
The low growth rate for packaging equipment, which has 
already experienced high growth rates during the last years, 
would seem to be due basically to the drastically declining 
market for molding presses which the rapidly increasing demand 
for flat-plate-aperture-raolds is not yet able to compensate.

For all major types of assembly equipment, the Mackintosh 
report predicts increasingly high levels of automation, in
creasing operation speeds, and significantly improved yields. 
This would apply particularly to bonding equipment and to 
die-separation equipment where fully integrated lines are 
now available on the market.

Thus, the Mackintosh report would seem to indicate that the 
trend towards automating chip assembly is continuing unabated 
by the present crisis of the semiconductor industry.

f) Changes of manufacturing technology in application areas

Examples of the introduction of new manufacturing tech
nologies in application areas include:
- the automatic insertion of components and modules onto 
PCBs (Printed Circuit Boards) in the TV industry;

- computer-driven wire wrapping, which is claimed to be
a more reliable and efficient method than solder for wire/ 
pin connections;

- computerized test and measurement equipment.

The new emphasis on process technology has already started 
to influence basic design approaches. In fact, a convergence 
of process and product technology is taking place: products 
are being engineered and re-engineered in order to be 
applicable to given process technologies and the once



clearly delineated interface between design engineering and 
production engineering has become blurred. It is this con
vergence of process and product technology which probably 
has contributed much to the aforementioned recent break
through in designing and producing semi-customized chips.
In addition, it documents the increasing importance of 
applications technology.

3.2.6. The Increasing Importance of Application Technology

a ) Options for increasing application orientation

Due to increasingly tough market constraints, semiconductor 
firms can not anymore say: "We will be building a million
or four million hits of memory on a chip,if anyone wants

37/such a thing. .. ."—  - and hope that a market will develop. 
Instead, innovation and production have to be increasingly 
geared to end-user needs.

There are two possibilities to achieve this goal: either 
through a customization of standard IC3 by software engineers 
or by integrating user needs into device and system design.

The reorientation of innovation towards customer needs is 
going to have dramatic consequences for the structure of 
the industry. If the first route is chosen, then this would 
mean that increasingly the bulk of the value-added would be 
reaped in the software sector.

The second route, on the other hand, would mean that the 

weight of IC producers would increase. Yet, in order to be 
able to reap the benefits and control rhis route to user- 
orientation, IG producers would have to pureue a strategy 
of forward integration into equipment, systems and consumer 
electronics.
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Both these developments would increase in turn the pressure 
for computer, telecommunications »nd consumer electronics 
firms to initiate strategies of backward integration into 
IC design and manufacturing, in order not to loose control 
over end-user markets.

The result could well be a blurring of the traditional lines 
of segmentation running through the industry and this could 
have a considerable impact on the economics of production 
and demand. In other words, new trends in innovation are 
bound to lead to a considerable restructuring of prevailing 
patterns of "industrial organization" and this in turn will 
have a considerable impact on corporate structure and 
strategy.

Some implications for the software sector of this type of 
interaction between innovation and industrial restructuring
will be discussed in detail in chapter U. So let us concentrate

here on the implications for circuit and systems design 
and- their consequences for industrial restructuring.

b ) The convergence between circuit and system design - the 
pressure to increase technical and industrial synergism

The convergence of circuit and system design which is one 
of the most important structural changes in the whole electronic 
sector, is taking place on two levels:

First, the design of circuits has to take increasingly into 
account the application requirements of end-users. Cases 
in point would be specific devices like codecs, programmable 
devices like microprocessors and gate arrays, and firmware, 
particularly that designed into EPROMs.
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Second, the design of systems is increasingly conditioned by 
the type of integrated circuits available. In the extreme 
case this could lead to a design approach where systems 
would be designed a.’ound ICs. In addition, this could induce 
a product design philosophy to emerge where products would 
be conceived as "black boxes" —  to be adapted to specific 
end-user needs through appropriate software or firmware.

This convergence of circuit and system design and the growing 
importance of software development in this process has 
important consequences for patterns of allocation and 
division of labour within the electronics indvstry. This 
would apply particularly to specific and programmable devices, 
and much less so for standard devices like RAMs.

Much more than ever before the focus is now on reaping the 
benefits of techrical and industrial synergism through developing 
new forms of coordination between circuit and system design 
and software development. In order to realize these synergetic 
effects, not only a permanent flow of inter-sectorial transfer 
of technology and feedback informations would be required, 
but also a considerable reshuffling of prevailing sectorial 
and geographic location patterns.

In other words, new patterns of vertical integration and/or 
disintegration are already about to develop in the electronics 
industry and we should expect significant changes in the pre
vailing patterns of international location.
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3.3- The Changing Economics of Semiconductor Manufac t u r i n g

Due to the aforementioned recent technological developments, 
the economics of semiconductor manufacturing have recently 
experienced significant changes. In fact, changes in prod-^tion 
cost have been the major issue. There are three aspects in
volved :

- significant changes in the overall cost structure;

- changing skill requirements; and

- the dramatic increase in the costs of market entrance.

3.3.1. Significant Changes in the Overall Cost Structuré

We h8ve already shown that the reduction of labour costs 
has been the major driving force for innovations in manu
facturing technology. —

According to Truel^ th:s has already caused the share of 
direct labour costs in overall costs of production to fall 
from 46.7% in 1963 to 30.2% in 1976.

This relative fall of labour costs has been particular
prominent for chip assembly costs, due to the increasingU1/use of automatic bonding equipment.—

In addition, with the growing complexity of the circuit, 
the importance of assembly costs tends to decline. — '1 This 
is in fact one of the established basic laws of the economics 
of semiconductor manufacturing. Rovert IT. Noyce, Vic<" Chair
man of Intel and one of the industry pioneers, adds: "The most 
cost-efficient design is a compromise between high assembly 
costs (which are incurred at low levels of integration) and 

' ' hich are incurred at high levels of

that for high levels of circuit integration, offshore assembly 
was never a really pressing issue.

statement would seem to imply in fact
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Table 3-6 documents how the importance of asseftbly costs 
decreases with growing circuit complexity. In fact, the 
relative decrease of labour e.-sts for assembly operations 
from 33 to h% is a dramatic one indeed.

Table 3.6. Circuit Complexity and Changing Cost Structure

ibroe of Circuits^ 
Cost Categories

Discrete 
or Simple 
Value 0$)

Semiconductors 
Integrated Circuits 

(#)
Complex Integra
ted Circuits 
Value (*) (*;

Cost of the chip 0,015 10 1.00 29
Cost of the c psule 0.050 35 0.50 15
Labour costs for 
assembly operations 0.050 53 0.15 4
Test 0.020 13 0.75 22
Rejects 0.015 10 1.00 29

0.150 100 3.40 100

Source: Adapted from: U.S. Department of Commerce - "A Report on 
the U.S. Semiconductor Industry", Washington, D.C.,
Government Publications Office, September 1979



3.3.2. Changing Skill Requirements

In order to realize the aforementioned technological develop
ments, the classical patterns of division of labour between 
the various disciplines of electronic or computer engineering,
metallurgy, physics ana chemistry do not suffice anymore.

In fact, these previously separate specialities have to 
be increasingly converged and in particular knowledge of 
interface problems will become of increasing importance.

The future of some of the main innovations in manufacturing 
technology for instance will depenc upon a mixture of 
physics, chemistry and metallurgy expertise for successful 
implementation of these technical advances.

This would apply even more so for circuit design. The role 
of the electronics engineer, with regard to the requiied Qualifications 
and experience, will become increasingly that of a systems
designer with a high working knowledge of the needs of the 
end-user applications and le^s of a detailed knowledge of 
the discrete circuit interconnections. The software content 
of the product can be expected to increase dramatically 
requiring many more software or "firmware" engineers than 
are now used in product development. Overall, the impact 
of the pure scientist should decrease during the next five 
to ten years as the industry will shift focus from laboratory/ 
process research to product/application design.

Changes in high-level skill requirements have led to 
siderable shortages, particularly for design engineer - 
for application programmers.

Of all the Job categories, the task of the electronics design 
engineer has undergone the most rapid change in recent years. 
According to the CECD study on the electronics industry,
"... one firm replied 'What ve need is bright engineers



who can work in a t earn cf 20-30 people and who can design a
chi^ which both uses the equivalent of one million transistors1*1*/and does sometning useful'." —

The shortage of application programmers is felt to be even 
more disturbing and has led to what has been called the 
"software bottleneck". —  The OECD study for instance reports 
that "...at one European manufacturer they hoped, within the 
next 2 - 3  years to produce 'foolproof* high-level programming 
languages to increase the productivity of programmers and 
lower the skill requirements for applications programmers." ~  
As will be shown later, this kind of statement indicates 
perhaps more the increasing frustration and perplexity of 
the industry, and could hardly be taken as a serious pro
jection of what would become feasible in the foreseeable 
future.

Changes of similar importance are to be expected for the 
established patterns of skill requirements in production. 
According to the OECD study, "...all interviewees were 
unanimous in agreeing that the nature of jobs and the 
pattern of skill requirements had undergone considerable 
changes in the last decade. In the semiconductor manufacturing 
process, firms reported that skill requirements were rapidly 
reducing; that the production of LSI chips (and thus of 
whole electronic systems) was increasingly resembling a 
chemical process operation. The equipment manufacturers 
remarked that 'manual' skills were being replaced by 'com
puter operating' skills and that circuit designers were being 
replaced by writers of software as digital ICs (and, in par
ticular, microprocessors) became the dominant design element."
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The study concludes that "... the general pattern of job 
structures seems to reflect a polarization of skill r e q u i r e 
ments with a replacement of 'semi-skilled' production workers 
by highly skilled design, test, and inspection personnel 
and a number of unskilled machine operators. Many firms 
remarked that this polarization of skills was masked by 
the export of unskilled Jobs to offshore assembly o p e r a 
tions, so that the net effect of technical change appeared
to be a trend towards fewer and more highly skilled jobs

hi !in domestic operations." — ‘

In addition, a shift of personnel from m a nufacturing 
work into training, service, and sales activities has 
taken place, particularly in firms engcged in equipment 
m a n u f a c t u r e .

This huge conversion of skills is increasingly becoming 
a major problem, particularly for the computer industry. 
According to the OECD study again, "... the amount of 
money allocated to 'in-house' retraining was, in all the 
firms interviewed, high (at one large computer m a n u 
facturer training accounted for h %  of sales)." — ^
Only the retraining of production workers to work in 
maintenance Jobs in the service sector was felt to be 
"relatively unproblematic".
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3.3-3- The Dramatic Increase in the Costs of Market Entrance

Till about 1975» the cost3 of ant8riug the semiconductor 
industry were relatively low: access to technology was 
fairly easy, first, because basic research then was the 
driving force behind the product and process innovations , 
and second, due to the high mobility of researchers and 
engineers. ^

In addition, semiconductor manufacturing used to be a 
relatively labour-intensive business, and equipment costs 
still were relatively low. Consequently, the minimum re
quirements of capital for entering this industry were moderate 
National Semiconductor in 1967 entered business with 
3 1 million, and Intel two years later needed hardly 3 3 
million.

In the meantime, costs- of entering the semiconductor industry 
have dramatically increased. According to Robert Noyce, 
competing in VISI markets "...implies the willingness to 
risk at least 3 50 million to 3 100 million a year in 
capital, plu3 another 3 50 million to 3 100 million a 
year in r+d cost." In other words, with less than 3 100 
million it is impossible today to enter the VLSI market.

It was P. Lamond, Vice-Chairman of National Semiconductor, 
who put the problem into a nutshell: "In the semiconductor 
industry you once needed 50 cents of investment capital to 
generate 2 dollars of annual sales. Today, you have to in
vest 1 dollar in order to generate jn a t 1 additional dollar 
of sales." ^



103

3.3.U . Factors Underlying the Increasing Cost Burden 
of Semiconductor Manufacturing

The huge cost increase of designing and manufacturing state- 
of-the-arts semiconductors and particularly of very-large- 
scale-integrated circuits was due to a variety of factors.

Of particular importance are:

- the decreasing importance of basic research and the increasing 
weight of design and mask making;

- the increasing importance of firmware;

- rising budget requirements for circuit development;

- thé expansion of new and rigid forms of technological pro
tectionism ;

- and, finally, the soaring costs of equipment used to make 
semiconductors.

(a ) The decreasing importance of basic research and 
the increasing weight of design and mask making

Today, the logic conception of a new design consisting of at least 
tens of thousands of functions and its graphic represen
tation would be impossible without using extremely expensive 
CAD systems. In addition, huge teams of highly qualified 
designers are needed, and a lot of time is required to 
complete the task of circuit design and lay-out, parti
cularly for very complex VLSI circuits. —



(b ) The Increasing importance of firmvare

Increasingly, integrated circuits are designed to include a 
growing part of the software which, once wired into the 
circuit, is then called firmware. This capacity to store 
programmes permanently on a chip has been significantly 
increased due to the emergence of the so-called EPROMs 
(= Electrically Programmable Read Only Memory) which are 
dead memories where information stored can be extinguished 
electrically and which then can be reprogrammed. This means 
that in the design stage, software engineers have become of 
increasing importance and are matching now the requirements

53/of solid state physicists. According to Truel, —  research 
on microprocessors today requires approximately four soft
ware engineers for every hardware engineer.

(c ) Rising budget requirements for circuit development

As a consequence of (a) and (b), the budgets needed for 
developing a new circuit family have ' ery much increased.
US semiconductor manufacturers for instance claim to need 
today at least a couple of million dollars to develop just 
one product family.

The increasing cost burden of r+d has been documented by
the OECD study: "... in almost every case r+d costs were
rising faster than inflation". This was basically "... due
to the relative labour intensity of such activities and the
fact that rises in wage costs in most OECD countries had at

5 Vleast kept pace with rates in inflation". — 1

Table 3.7 shows that in 1978 the cost burden of r+d in the 
semiconductor industry by far exceeded the average of high- 
technology industries, let alone the overall average of 
US industry.
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Table 3.7 . The Cost Burden of R+D in the US, 1978

R+D outlays as per
centage of sales (#)

R+D outlays as per
centage of profits (#)

National average 1.9 4.3.4

High-technology
average 4.0 65.4
Aerospace З .7 93.0
Electronics
(general) 2.6 56.1
Data processing 6.0 54.8
Instruments 3.9 69.9
Semiconductor 5.8 102.3
Telecommunications 1.9 16.1

Source: Figures are taken from "R+D is a Shrinking Resource", 
Electronics. 17 January 1980, p. 83 where data from 
Standard&Poor's are quoted.

(d ) The expansion of new and rigid forms of 
a technological protectionism

Access to technology for newcomers has become increasingly 
difficult due to the expansion of new and rigid forms 
of technological protectionism.

This trend towards increasing technological protectionism 
among the established semiconductor merchant firms
clearly shows up in the aforementioned OECD study: The
US semiconductor firms (interviewed for this survey,
D.E.) perceived an increased need to protect internal 
innovations as a defense against the formation of new 
firms in the component business by engineers leaving 
the established firms." Consequently, "...they had tended 
to patent leas in relation to activity in recent years, 
not only because of the increasing significance of soft
ware, but also as an attempt to keep more'trade secrets'". ^



- 106

(e ) The soaring costs of equipment used to make semiconductors

Finally, the costs of equipment needed to produce state- 
of-the-arts semiconductors and particularly VLSI circuits
hive soared up rapidly.

Overall, the cost burden of equipment used to make semi
conductors has increased in price by a factor of between 
4 and 20 times since 1967«  ̂"Firms were certain that
such trends would continue in future; that the manufacture 
of the next generations of integrated circuits would re- 
quire ever greater levels of capital investment." ~

Table 3.8 for instance documents the increase of capital
equipment cost for a wafer fabrication facility.

Table 3.8. Costs of Capital Equipment Needed to Set Up a 
Wafer-Fabrication Facility (million $)

Year Cost (million #)
1967 0,5
1979
mid-1980s

10,0
54a)

a } »Electronique ActnalitS. 15 December 1978, expects an even 
bigger increase tTii the mid-80s to around % 50 million.

Sources: Handel H. Jones, Vice President of Gnostic Concepts, 
quoted from: Business Week. 3 December 1979 and 
Electronique Actualité. T? December 1978.

The table shows thst from the mid-1960s till the late 1970s, 
capital equipment costs for wafer fabrication in fact experienced 
a twentifold increase and during the five years starting from 
1980 another three to fivefold increase is to be expected.

Coat increases have been particularly rapid for the 
following types of equipment:



- Electron beam and X-ray lithographic devices;

- Equipment needed for mask-making;

- Computer aided design facilities for total VLSI circuit 
pattern generation;

- High speed computer-based test equipment;

- Improved crystal pullers and refiners to produce "zero- 
defect" material;

- Wafer processing equipment such as ion implanters, processing 
furnaces etc.

The unit costs of equipment needed for mask-making for instance
increased from $300,000 in 1975 to a minimum of $2.5 
million in 1978 and it will probably run up to around $7
million in 1982.— /

Table 3-9 presents some additional information on recent 
trends in semiconductor equipment prices.

Table 3»9- Recent Trends in Prices of Semiconductor Equipment ($)
average prices 

1976 (*)
(1) Wafer exposure 

equipment 44,000 345,000
(2) Electron-beam 

microlithography 
system 2 million

(3) Assembly 
equipment 8,000 20,000

(4) Projection mask 
aligner (Perkin- 
Elmer) 230,000 (240,000*))

(5) Automatic Testing 
Equipment ca. 500» 000

o }'-Price quotation from Wall Street Journal, 3 October 1980

Source: Figures are taken from "Semiconductor Equipment takes 
on its own Glow", Business Week. 1 December 1980
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As a result of these huge price increases, equipment costs
today represent approximately 10# of chip production

59/expenses, --  Acc ording to John R. Welty, head of Motorola's
semiconductor group, "...we are shifting from what has 
been a fairly labour-inte sive business into a capital- 
intensive business". —

Tables 3-10 and 3-11 give evidence of this dramatic increase 
in the capital intensity of semiconductor manufacturing.
Table 3-10- The Increasing Fixed Capital Intensity of 

C'çip Production, 1979-1985

------------------1222__________1985 1979 - 85(1) Average costs of
capital equipment 
needed to set up a 
wafer-fabrication 
facility (mill. #) 10

(2) Global expenditure
on equipment for 
chip production 1.1
(billion 20

(3) Average growth rate 
of investment costs 
per & of annual sales

34-

5.5- p.a. average
growth rate =* 31#

8#

Sources: (1) Handel H. Jones, Vice-President, Gnostic Concepts, 
quoted from Business Week, 3 December 1979

(2) + (3) Mackintosh International, Inc. , bp. cit

Table 3-11. Capital Expenditures in the Semiconductor I n d u s t r y .
as a Share of Sales, 1975-1985 (average shares in % )

1975 10
1980 1/ 16

1985 1/ 20

1/ = 1980 estimates.

Source: Figures are from the investment firm Morgan Stanley, 
quoted from: French, i'ichael 3. - "The Semiconductor 
Industry: An Overview", Datamation, April 1980, n. 164-
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Figure 3.2 documents the rapid increase oi capital outlays 
by US merchant semiconductor companies, particularly since 
1977.

Figure 3.2.

Source: Business Week, 3 December “1979

In what follows, we will take up in detail some implications 
of recent changes in the economics of semiconductor manufacturing 
for corporate structure and strategy and will put them into 
the wider context of structural change pertaining to the semi
conductor and to the overall electronics industry.
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CHAPTER U.
THE SOFTWARE SECTOR - CONDITIONING FACTORS 

AND POSSIBLE FUTURE TRENDS -
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h. The Software Sector - Conditioning ^actors and Possible Future 
Trends

^•1- The Concept of Software and Some Major Issues

Trends in the software area are of crucial importance for 
understanding the scope and constraints of appljing micro
electronics-related innovations to industrial products 
and processes. To start with, we have to be clear about 
what we talk. Definitions of software differ considerably.
This reflects the great variety of functions software is 
supposed to fulfil. But what is the common purpose and 
what is it that constitutes the difference to hardware?

According to one leading expert, software should be defined 
"...to include programmes that modify computer hardware 
and extend its function beyond the general purpose digital 
computer. Software includes, but is not limited to control 
programmes, executive supervisors, teleprocessing and communi
cations monitors, application programmes, programming aides, 
languages,ete.Software could be delivered as a product, with 
or without large- or small-scale hardware, as a service 
through a time-sharing network, as one of the value-added 
components in a facilities management arrangement etc. I am 
defining software in the broadest sense possible, . 1 I2/do so because the current market place requires it." —

The first lesson to be drawn from this definition is that 
the software market is nothing less than a homogeneous 
market. On the contrary, market segmentation is the name 
of the game. This has important implications which we 
shall discuss later on in detail. Suffice it to say here 
that one should be very careful to avoid rapid over-gene
ralizations.

In addition, it should be noted that, due to the lack of sound 
information, this chapter deliberately left out recent developments 
in firmware engineering, i.e., the wiring of programmes into micro
electronic circuits. Consequently, the following analysis is still
of a very tentative nature and is basically meant to document the

2 e/need for more in-depth follow-on research—  .
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Ihifl chapter discusses м м  factors conditioning tha structure 
of the software anrket and strategies of aajor groups of fins 
involved. Farther« it analyses sons oanaaa underlying thi 
uocaUed aoftaare bottleneck and Identifies possible fetors 
trends, particularly in applications packages and aofteone 
darelopneat aystans. Finally, recent ckangea in corporate 
strategy and possible future inpsets on ssrkst a true tore and 
industrial restructuring are discussed,

Чу basic assusption is that the spread ef applications far 
nicroelectronie devices depends critically on the available 
capacities to develop, operate and maintain aoftaare, particu
larly applications softaare. then ее talk about nissoeleetnaolcs- 
related innovations and indue trial isal isiilai lug, as aleaye 
bare to keep in aind that there is an overall shortage af 
prograaaing capability in relation to tbs graving
population of installed coaputara (aalafrana, aini and niare) 
and that this applies in particular for pregraanara eapabla 
of deriaing aacbins codas for uicsoaystaaa. Fbia Shortage of 
pxograae needed to run coaputara and aleroelsctroaic pregraanable 
dericea, the spoiled aofteara lmttlnad . is in feat ban flag 
an increasingly iaportant constraint for attenpte to eopand 
tbs reach of aicroeleetronie applicatiaaa ЬауаЦ its traditional 
confines. Яша, analysing the software market night help as to 
understand batter why the microchip has base ao 4aespeeto41y 
alow" to baoona that all pervasive fares aa predicted by 
the aoet tennanad foracaats since eore than Ю  yeara.

the develops ant, production and aalntanmno of softness and to 
point out that, although aarhst aajMutatioa ia traditionally 
high in tie software sector, trends towards an 1 an Teasing con
centration and globalisation have recently gathered aoaentun.
I would argna in fact that any attuapta to analysa or foraeast 
futura application pattarne af aicroalectronica and their impact 
on intarnationel restructuring in industry Should be based on a 
careful evaluation of these recent structurel changes of the 
software esrket. fhis would help to ensure thst policy forsaletion 
end lupianontstion would not be roped into oph— urei projeta, but 
would selectively focus on о few strategic areas of attwk and support.
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k.2. The Mergence of a Separate Software Sector

in oner to understand today's problems of software engineering, 
we need to analyse the structure of the software industry.

A first question would concern its origins and how this in
dustry relates to other parts of the information processing 
sector.

U.2.1. The Origins

There are three actors involved in information processing:
- The hardware manufacturer/provider;
- The software manufacturer/provider;
- übe end user.

Originally, these three different functions were united in 
one and the sane person, or at least were part of the 
saae teas. The man with a computing problem (the end user) 
built a machine (thereby becoming a hardware provider), 
then modified it to accomplish his specific task (creating 
software).

With the emergence of the computer industry, the end user 
(the man with the computing problem) was separated out 
of the equation. Software was provided by either the hard
ware manufacturer or by an in-house programming force 
which the end user hired specifically for this purpose.

Viewed from the end user's perspective, this type of 
arrangement had three basic shortcomings:

First, neither of the two groups of software producers 
were sufficiently acquainted and in tune with the end 
user's needs so that needs and software hardly ever 
imermeshed completely. In other words, it took a long
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time and it cost a lot to bring software sufficiently 
close to end user needs and one never knew whether the 
system really would work, let alone whether it would be able to 
incorporate necessary adaptations over time.

Second. because of the high wages of programmers, the 
cost burden of software development and engineering was 
rapidly increasing to very high levels. That is why both 
end users and hardware manufacturers had some common 
interest in reducing the role of highly paid programmers 
and in displacing them as far as possible by other arrange
ments.

Third, it did not take end users too long to realize that 
software received from hardware producers always contained 
significant doses of built-in hardware dependencies, i.e. 
the need to rely on maintenance and repair services and 
spare parts, but also to remain loyal to the system when 
expanding computing capacity.

But also hardware producers had increasingly reason to 
feel uneasy with this arrangement. They used to give away 
software as part of the system price paid for the hard
ware, but were getting under increasing pressure to cover 
the tremendous costs of software development. The famous 
"unbundling decision" of IBM in June 1969 was the logical 
outcome of this concern. Some would argue that by explicitly 
seperating software and hardware costs, this strategic move 
of IBM, probably in contradiction to the then prevailing 
motivations, did contribute considerably to the emergence 
of an independent software sector.

Obviously this is only part of the story. If we want to 
understand the causes of the present software crisis which 
we have shown to be one of the key constraints to the 
application of MRIs to industrial products and processes, 
we need to inquire further into the history of the soft
ware market place. Various events could be' cited?

t
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- In 1956, IBM started its independent data center which 
was due to a judgement by the government that required 
IBM to treat its Service Bureau Division as a seperate, 
but still wholly owned subsidiary rather than as a adjunct 
activity to its computer sales.

- In 1959, largely due to the military and space agencies 
programming needs, independent contract programming firms 
were first emerging. Their position was strengthened when 
IBM had difficulties bringing its third generation com
puter equipment to the market place in 1963-64.

- A further push to the development of independent software 
firms was due to the rise of the time-sharing industry
in 1966-67.

- Finally, one would have to mention the attempts at taking 
end user programmes and modifying them for attempted multi
installation use, a pratice that began in 1967-68 and ij 
notable if only for its failure rate.

b.2.2. Conditioning Factors

It is not easy to uncover the logic underlying these events. 
In fact, Welke is right, when he states: "...the software 
product market place occured not because of a grand design, 
a technological break-through, or the genius of anyone 
individual or company. It developed bit by bit and piece 
by piece, with form chosen only sometimes by technology, 
with standards dictated by economic necessity, with risk 
taken out of ignorance, and with the rewards sometimes going 
to the perverse as well as to those who just persevered."
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Nevertheless it seems possible to identify some common 
threads running through each of these events. I would 
propose to focus on three of them:

First, the hardware manufacturers' concern to reduce the 
cost burden of software development and maintenance caused 
not only changes in pricing policy« i.e. IbM's unbundling 
decision« but also the development of new modes of software
production and engineering« the socalled "software packages”, 
and of new forms of subcontracting, starting from software 
conversion right into the development of specific applications 
packages. Add to this the end users' concern to reduce 
or do away completely with the extremely expensive in- 
house programming teams, then it becomes obvious that tie 
drive to rvducs the importance cf highly skilled and 
lavishly paid programmers was of considerable importance.

Second, with the destabilization of the established oligopcLy 
«tld the intensifying technological race between 
hardware manufacturers, the gap between ever new generations 
of computer hardware on the one hand, and available software 
on the other, was dramatically increasing. This applies to 
both systems and applications software. Hardware manufacturers, 
for reasons we will analyse later on more in detail, were 
unable to cope with this problem and thus had no choice but 
to accept and sometimes to even actively promote the emergence 
of independent software firms.

Third, firms interested in gaining access to the larger in
formation and services market place, soon realized that 
software could serve as the ideal entry level business.
The reasons are fairly evident:

- The relatively low barriers to entry. Compared with starting 
a hardware company, for instance, software requires little 
initial investment. Today, a minimum entry cost would be
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P >00 0̂ which, in addition to initial investment, would
include costs due tc the need for product diffe
rentiation and competition, for incorporating data base 
design and new communications requirements.

The high rate of return and very attractive profit margins, 
particularly with multiple sales of software packages. In 
other words, software is still widely perceived,and probably 
rightly so, as a "get-rich-quick, business".

The great diversity of software requirements and the con
sequent segmentation of the market place almost precludes 
domination by any aie firm. The software market has so many 
needs and demands which furthermore are undergoing rapid 
change, that the small firm can easily carve a niche. 
Attempts to homogenize effectively the software market for 
the sake of subordinating it to oligopolistic control, are 
of course under way, but still they have a long way to go.



b. 3. Trends in the Market Structure

Market segmentation has been an important characteristic 
of the software sector. At first sight at least, it would 
seem as if very narrow limits exist for a homogenization 
of this market and thus for attempts to increase concen
tration of control.

Yet, closer analysis shows that reality is much more complex 
and that the software sector is undergoing significant change 
Particularly in certain strategic areas, like "basic systems 
packages" and "software development systems", the prevailing 
trend points to an increasing concentration and globalization
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U.3.1. Software - a Part of Computer Services

Pig. U.l. indicates that
software is part of computer services.

Fig. U.l. The Computer Services Industry

(»operations that are 
not directly related 
to data processing)

- Network Information 
Services (NIs)
(refers to any con
nection of the com
puter with a termi
nal located remotely)

- Batch Services
(work is carried in by 
hand or by courier to 
the computer, for in
stance payroll)

- Facilities Management (PM) 
(first-time installation 
of a computer, usually on 
a turn-key basis, or tran
sition from one computer 
system to another)

- Software Products 
(software that tias been 
written and marketed as 
a standard package to do 
a specific job)

- Software Services 
(contract programming)

- Education 
(training of pro
grammers etc. )

- Third Party 
Leasing

- Used Computer 
Equipment ~

- Third Party 
Maintenance

Source: Based on industry reviews- in electronics trade journals, 
particularly on: Roach, William R. and Jung, David C. - 
"Spending for Software and Services", in: Datamation, 
March 1975
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Market data o r  the eosputer services industry are 
only available since 19 6 0. It was estimated t h "vfc computer 
services revenues for the United States in that year 
reached barely $115 million (see table 1.1.). Twelve years 
later this market had grown to $1+. 3 billion.

.Tab. U.l. US Computer Services Markets - 1 9 6 Q — 1972

Computer !
Service
Sector

DP Expenditure Basis 
(Millions of Dollars)

IAverageannual
Jrowth
Rate
(Î967-71) #

Average
Annual
Growth
Rate
(1971-72) %

I960 1967 1971 1972
Data Service s
Facilities 
Management 
Network Information 
Services 
Software 
Batch 
Services
Total Data 
Services

50^
502)

110

45200
500

855

645

430
467
650

2,192 2

/-—
S

8 
88 

8 
8

CO 
VO 

CO 
CT'

56

7724
7

27

24

39
49
23

32

Support Ser-
vices
Education 60 50
Third Parky 
Leasing 50 775 99 —

Used Compu
ter Equip
ment 25 225 74
Third Party 
Maintenance — 3 45 — 97 —
Total Sup- 
port Ser- 
vices 138 1,095 1,400 68 27
TOTAL 115 993 3,287 4,300 35--------- ------ 30

^^Primarily geared to DoD, NASA and large aerospace companies
O')'Services offered by around 300 - 400 small,, local service bureau operators 
^Software products - $ 300.million; software services - $ 400 million

Source: Figures are taken from: Roach« V.R. and Jung, D.C. - "Spending 
for Software and Services", in: Datamation, March 1975, P» 54
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Concerning software, estimates for I960 would put them roughly 
at 0 50 million which then was almost exclusively dedicated 
to the military and space complex. Twelve years later, in 
1972, the market value of all non-captive software was 
0 700 million, where software products, defined as software 
that has been written and marketed as a standard package to 
do a specific job, were still the smaller part and consisted 
of approximately 0 300 million. End of 1979, the independent 
software product industry in the United States has developed 
into a 0 1 billion - plus business with 1,4-00 vendors, 8,000 
products and more than 30,000 users. (See table U. 2 .). in other 

words, software packages have turned out to be the most 
dynamic of all computer services.

Tab, b . 2 .  The Independent Software Product Industry —  in the U.S

I969-I98O

____________________1969 1979 1979_______1980 -7
(1) Annual sales

(0 millions) 25 400 1,000
(2) Number of ven

dors of large 
scale software 
product 1,400

(3) Number of pro > 8,000ducts
(4-) Number of users > 30,000

l^These figures do not include or reflect the volume of business done 
by IBM or other computer mainframe manufacturers

2/November 1980 - estimate

Figures are taken from: Welke, Larry (President, International Com
puter Programs, Inc., the Indianapolis/USA edftware information ser
vice company) - "The Origins of Software", in: Datamation, December 
1980
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h  .  3 ■ 2  . Types of Market Segmentation

Most software firms are specialized in a segment of the market, 
whether a hardware manufacturer (IBM and IBM compatible 
systems), an industry or a type of application.

There are two exceptions to this rule:

- Firms active in "systems software" would usually cover 
more than one industry;

- A few of the bigger firms, mostly affiliates of major 
corporations, which strive to develop what they call 
"a full portfolio of software product offerings".

But overall, market segmentation is the dominant characteristic. 
This reflects the fact that possibilities to homogenize soft
ware are still very limited, particularly in applications 
software. The statement by James A. Unnerstall, General 
Manager of Indiana Standards' Informations Services Department, 
reflects an experience common to practically all industries:
"The probability of your programme fitting another company's 
system up front is practically zero." ^

In fact, taking a programme that was tailored for one company's 
operations wnd revising it for general use requires an enormous 
investment, a figure that can exceed the original cost af the 
software. -

Table U.3. presents one aspect of the present degree of market

segmentation, i.e. the split between large scale equipment
7  /and mini- and microcomputer markets. -
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Tab. -̂3. The Segmentation of the Software Market - Large Scale 
versus Min.i and Microcomputer Equipment

Large Scale Equipment
- Absorbs the majority of soft
ware outlays, but hardware mar
kets are approaching saturation 
limits

- The great majority of this 
market is geared to IBM mach
ines and IBM compatible peri
pherals and CPUs

- Consolidated patterns cf 
competition and cooperation

- High profit margins per sale; 
software is usually leased or 
licensed, not sold

- Established rules for securing 
maintenance and technical sup
port services and for pricing 
them (maintenance fee normally 
ranges between 12 and 15# p.a. 
of the basic lease price)

- Highly sophisticated users; 
cost burden of software pro
duction high, but still under 
control

- A global market, at laast 
within the dominant economic 
blocks of the world economy 
(USA* Japan, Greater EEC,
South East Asia and China, 
Latin America)

Mini and Microcomputer
-Still a minority market, but 
lar^e growth potential

-Because of great variety of 
hardware suppliers, exclusive 
orientation of software firms 
to a specific hardware firm 
or a group of products is seldom

-Rules of the game yet to be 
established, cutthroat compe
tition dominant

-Due to aggressive pricing policy 
(market penetration prices;, 
profit margins per sales are low
-Deterioriating supply of 
maintenance and technical 
support services; no estab
lished rules for pricing 
them

-Mostly unsophisticated users; 
to write easy to use programs 
is more difficult and thus more 
costly and time-consuming

-A great variety of local 
rather than a national mar
ket



There are other types of segmentation. Two of them are 
if particular importance:
- Basic versus non-basic systems;
- Individually tailored software versus software packages.

Basic systems is a short-hand for describing those soft
ware systems which are experiencing very high demand.
They include:

- Hardware utilization/performance measurement and accounting 
systems;

» Payroll and personnel information systems;

- Financial planning and profit analysis programmes;

- Project management and control systems;

- General accounting and integrated financial reporting 
systems.

It is on these basic systems that the greatest part of pre- 
ly available programming capacities are focussing. The 
ê of the game in software business is specialization on 

a few fast-growth systems, the capacity to develop and market 
commercially attractive software packages and to guarantee 
reliable technical support.
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h . 3 • 3• S o f t w a r e  P a c k a g e s

Software packages are systems which have been developed to 
overcome the shortage of skilled manpower, especially pro
grammers. Software packages are increasingly used by banks, 
insurance companies, but also by manufacturing firms. 
According to a recent American Bankers Association review 
for instance, in 1981 more than half of all software in USQ /
banks was provided in package form, —

In manufacturing firms, although use of soft
ware packages is increasing, limitations to a wide-range 
application of packages still seem to be considerable.
In absolute terms, this market is of considerable impor
tance, In the United States for instance, users of infor
mation processing systems spent about $ 2.5 billion for 
software packages (excluding contract software) in 1979* About 
two-thirds of this went to the computer manufacturers 
and one-third to the independent software industry. — ^

There are two types of software packages: application 
packages and packaged systems programmes.

Application packages include, in order of sales volumes 
presently realized in the US: general ledger packages, 
oayroll and personnel records. For these basic management 
functions, reprogramming becomes a periodic necessity.
The traditional approach would have been to delegate this 
job to in-house programming ^cams or to subcontract to
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independent programmers. Yet even for big firms, the costs 
of this approach rapidly became prohibitive. So why not buy 
a package instead? Of course, very small user firms getting 
their first computers never had any professional programmers, 
at most they might have hired a couple of part-time ones.
Without packages (or systems so easy to use that professional 
training is unnecessary), the small user could have never 
considered a computer at all.

Manufacturing packages, on the other hand, with fewer sales 
so far, seem to have a considerable growth potential in the future 
for instance to test, measuring and analytical instruments, 
and to industrial electronic equipment such as motor controls, 
numerical controls, inspection systems, sequence controls, 
but also to robots and semiconductor production equipment.

Packaged systems programmes include data base managers and 
data dictionaries, programme development aids and schedules, 
and protocol translators that permit interlinking of com
puter systems and terminal complexes (including word pro
cessors) from various vendors.

The largest independent companies in the package business 
are all primarily producers of systems programmes. Demand 
for system packages is huge and is bound to increase: ?ery 
few users would even think of preparing their own systems 
programmes any more, and the computer manufacturers can 
satisfy only a majority (at besr) of the diverse demands 
of their customers.

Further, new opportunities for systems programmes keep 
appearing which means that systems packages will continue 
to be an essential component of the software market.
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1
U . 3 .1*. Identifying the Actors

We have seen that software originates from the computer 
services market and that it has experienced rapid growth, 
particularly in one form, i.e. as software packages. Who 
are the actors engaged in this increasingly important segment 
of the information processing industry?

In a first.step, let us analyse some figures on users and 
vendors of computer services. Table U.U. and table U . 5 . 
summarize information available for the first half of the

Tab. ^-Computer Services - Users and Vendors, around 1974-

Users indora.
Size and 
Type

Services required 
(in order of prio
rity)

Market
Shares
(*)

Type Market
Share
(*)

(1) Small1^ NIS, batch 15 (1) Independent Vendors *80
(2) Medium*^ NIS, 5W, software 25 - Dedicated Computer 

Service vendors
(3) Large^ FM, software, NIS, 

support 50
- Banks providing 

computer services
(4) Govern

ment
Software, FM, 
support 10

- Data processing 
spin-offs of big 
corporations (for 
instance Boeing 
Computer Services)

- Other vendors, in
cluding CPA and 
common carriers 
subsidiaries

(2) Computer Manufacturers
(3) Government Agencies

1 )-company with less than # 15 million annual revenue
'=between # 1 5  and # 15 0  million 

^over #'150 million

Source: Figures are taken from: Roach, William R. and Jung, David C. -
Spending for Software and Services", in: Datamation, March 1975



Tab. *+.5- Major Service Firms — U.S. Seven ues ($ Millions)

1972 1973 % Growth
IBM 248 355 43%
Control Data Corp. 132 156 18%
Computer Sciences Corp. 119 135 13%
Boeing Computer Services 115 125 9%
McDonnell Douglas Automation Co. 109 121 10%
Electronic Data Systems 103 118 16%
Automatic Bata Processing 70 100 43%

— Computer service companies which topped >$ iOO million in 1973. 
Total of computer service firms in 1973: 1700. Over 2/3 of them 
or 1200 firms had revenues of less than $ 2 million per year.

Source: Figures are taken from: Roach, W.R. and Jung, D.C. - "Spen
ding for Software and Services", in: Datamation, March 
1975, p. 55

Historically, the computer services industry has been 
very decentralized, consisting mostly of small or medium 
size vendors offering data processing services within a 
local area. In 1973, for example, of the 1,600 to 1,700 
service vendors in the United States, over two-third, or 
1,200 firms, had revenues of less than & 2 million per 
year. In addition, only seven vendors had revenues of more 
than ¿5 100 million.

During the last years however, the computer services market, 
and particularly the software product market is undergoing 
rapid change. The odds are that large, independent service 
companies such as Electronic Data Systems, Automatic Data 
Processing, and Optimum Systems, together with spin-off 
vendors of multinational corporations will gain increasing 
importance. Add to this IBM which is still by far the largest 
services vendor, mostly in software, and it will become 
clear that, in analogy to earlier developments in the hard
ware sector, computer services will increasingly become a 
worldwide business.Three factors have been behind this trend to
wards concentration and globalization: the development of 
communication-based remote computing systems in the late 
1960s, the growing importance of software packages ,



particularly applications packages, and the implementation 
of a maintenance contract as part of the business deal. —  ̂
Figures ̂ • 2. and -̂3. give a picture of the U.S. computer 
services industry in 1979- It can be seen that the software 
products industry, although still by far the smallest part 
of the business, is experiencing very high growth rates, much 
in excess of the overall growth rates for the computer services 
industry.

F i g .  h , 2 .  US Computer S e r v i c e s  Industry Growth Rates, 1 9 7 7 - 1 9 7 9

1979 COMPUTER SERVICES INDUSTRY 
PERFORMANCE

Source: Input Inc* Figures, as quoted in: "Bucking the System”, 
Datamation. July 1980, p. 51
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Fig. 1. ■ 3 ■ Computer Services Industry - Share of Activities , 

1976-1979

COMPUTER SERVICES INDUSTRY 
PERFORMANCE BY TYPE OF COMPANY

REVENUES (S BILLIONS)

Source: Input Inc. Figures, as quoted in: "Bucking the System", 
Datamation. July 1981, p. 51

That moves towards increasing concentration have recently 
gathered momentum has been documented in a recent study

13a/of Broadview Associates, a US financial consulting firm. ---
For the DS computer services industry the study found in fact 
a sudden upsurge of acquisition and merger activities. The 
report identified 107 mergers and acquisitions valued at a 
total of 0 6?1 million in the industry during 1979. Th6 10 
largest transactions accounted for % 487 million, 73# of the 
whole sum paid, although they represented but 9# of the number 
of transactions. In the five-year period from 1975» the number 
of acquisitions of computer services companies has shown an 
168# increase, which, according to Broadview Associates, made 
computer services the leading acquisition-prone industry in 
1979.

S7JIB H JJO N S S j BILLION



Table 6. indicates the structure of the OS software supply in
1980. It is obvious that IBM and other data processing
firms, by the sheer volume of their software revenues,
dominate the market. On the other hand, relatively small
and specialized independent software suppliers have been able to
survive.
Tab. -̂6. "The Structure of the US Software Supply, 1980"—  . ---------------- T  . -------- „  ■ ~ -------------------- ----

1* L A R G O T  U S . S O F T W A R E  S U P P L IE R S
T » j i

1*00
m k  r m n M

(J o - )

%
•• ftw a r «  
f l f l l W I

1400
t a l  tatare 
reeca—

(S a t )
» »1— u t a i a a t  V d m n  A m i t e *  l a c  

2 G w —  Syataau, la c.
J  FaH cy M — ! « ■ «—  Syt—
4 F a w a p h lt  S y s te m , l a ,
5 A p p H —  D ata R n — d l ,  h t
4 A — n —  M a a tfa — t  S j f f M a .  la *
7 W e n n  A G  a t N a A  A r n e t t *  la c . 
t  C e a ifa te e  A n t r i — « *  h a  

1  K l r d —  r u p »  — j—
10 C r i t ia — «  C a rp a ta ti—

41 
4 »  
44 
S4 
S2 
40 
»
42 
S I 
M

SS2
S27
S44
U 1
S )7
1 »
s n
S2S
U 1
s ia

4 1 %
*2 %

1 0 0 %
7 0 %
« ♦ %
♦ 2 %

1 0 0%

100%

*4 »
U 4
S12
*21
S2f
S2*
S24

»  , 
* '4
S i t  1

I «  L A K C C S T  US.  F1Ä M J W IT H  S F * $  

S F M
I t M  W T iw n  

ran k  (w i l l i im )

%  #1 t « j l  
c o r p « r j t <

1
T a ra i

c # r y r j t #
revHM w

! i i a i n w i  F ta d É M s 1 S I.* JS 7% S 2 4 J1 1
2 r a w  h a • $ 42S ♦% $ 4.9*4
1 H t m y a e R  l a c  ' 14 S  fit <% S  4.42S
4 S p e rry  C e r p e i— 1— t s  m • % S 4 . 7 «
S l i t t —  la J c it r i ie .  la c ts S  17 0 % S  4.247
1 C a r t r a l  D ata  C aeparari— 2 S 1.0M 2 7 % S J J 0 0
7 N C R  C a rp a ta ti— 2 s so t «•% S  J J 2 2
t  C M f B f 11 S  M S 10% S  1.04»
f  (a rr a u f h e  f a r p t r t l l — s S  S M 2 0 % S 2.402

10 Digital tRaipwi— t  C a rp a ta ti— 4 S  J W 2 i % S 2 J 4 0  [

Source: Cane, Alan - "Package Software set for Boom", Financial 
Times, 15 May 1981

Overall, market trends suggest that the biggei companies will 
swallow up some of their rivals but that there will still be 
a place for small firms specializing in market niches. This 
would apply particularly to applications software where intimate 
knowledge of the application concerned is required and difficult 
to acquire by huge highly centralized firms. According to the 
Financial Times, "... no single company can encompass even a 
small proportion of all the necessary expertise. Even the 
mighty IBM has made it a practice of picking up the best software 
written by, or for, its customers." — ^



u . u . The Software Bottleneck Relevance and Underlying Causes

According to Martin A. Goetz, Director of the Software Products 
Division of Applied Data Research Inc. of Princeton, New Jersey, 
sore than £ 100 billion has been spent around the world since

computerization schemes efficiently is the availability of 
adequate and cost-effective software.

U . U .1. The Increasing Software Cost Burden - Some Basic Figures

Tet, the costs of developing, operating and maintaining soft
ware have been dramatically increasing, particularly sinde 
the end of the 1970s. This has led to what analysts of 
the information processing sector have become used to call 
the software bottleneck. №is means that both semiconductor 
and systems firms, but also end user firms are having 
increasing difficulties to find adequate software at 
reasonable cost.

Fig. U .U . and Tab. U. 7 . indicate the order of magnitude of the 
increasing software cost burden.

the mid-1950s co

Fig. ^•l*.
Cata processing costs

Sources: Boehm, Datamation, quoted from: 
The Economist, March 1, 1980



Ihe Increasing Costs of Developing, Operating and Main
taining: ooftware

(1) In computer users' budgets, the proportion of expenditure for 
rented or purchased hardware has'fallen rapidly with the intro
duction of microelectronics, while software costs are increasing.

jm  N

(a) The findings_o£ the Siemens studjr'^
— — Average share of outlays for software

______in computer users' overall budget_____(%)
1955 5-10
1970 > 50
1985¿; » 9 0

(b) Trends_in the. U.S._Air__Porce_cotn£uter budget^
Expenditure for software 
Overall computer budget (%)

1970 20
1980 80
19852) 90

(2) Costs of producing software are rapidly outpacing costs of pro
ducing microelectronic hardware "
Example: The production of a program line costs on average

about 10 dollars, which is considerably higher than 
the unit costs of state of the art microprocessors

(3) Outlays for software absorb an increasing part of the r&d expen
ditures of both computer and semiconductor firms
Example: For major components manufacturer, software absorbed 

over ybt> of r&d expenditure in"*'l980. in the raid-198Os, 
this figure is expected to rise as high as 8(%£ ' '

(4) Outlays for SQxtware maintenance account for a growing part of 
of the user firms' maintenance budget
Industry estimates: 50 - 80% 6)

1)

2)
3)

4)

Figures are taken from an unpublished Siemens study, quoted in: 
"Softwareprobleme behindern den Fortschritt der Computertechnologie", 
Blick durch die Wirtschaft, 6 March 1981, p.4
estimate
Figures are quoted from: Lamborghini, B. - "The Enterprise: A Mechanism 
to Transfer Microelectronic Innovation into Society", op.cit, p. 7
Softvbre production cost figure is taken from McCracken, David - " The Changing 
Face of Applications Programming", Datamation .November 1978.Price quotations 
for 8-bit microprocessors, all of which are considerably below g 10 can 
be found in: "Gate Arrays. A Special Report", Electronics, 25 September 
1980, p.146

5) Figures are taken from Lamborghini, В op.cit.
8) Various issues of Datamation
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U.U.2. The Relevance

Software constraints are one;of *•- the most serious bottlenecks 
for the diffusion of microelectronics. There are three major 
concerns:

- The growing gap between hardware and programme preparation 
technologies which means that hardware development and 
the capacity to write systems and applications programmes 
are increasingly de-synchronized. It is estimated for in
stance that the latter is growing by 18# p.a., which is 
several percentage points slower than the rate at which 
computers are being installed. — ^

- The dramatically increasing shortage of software experts. 
According to Lamborghini, in 1980 the US demand for com
puter programmers exceeded the supply by at least 50,000—  ̂
and experts would agree that this gap is bound to increase 
further. Siemens, for instance, in 1980 had to spread its 
recruitment net all over the world to fill in the 2,800
posts required for software experts. —  ̂Similar figures have been 
quoted for 1ВИ and Burroughs. It would be interesting to con
trast this shortage of experts within the OECD region with figures 
on the brain drain of software experts originating from developing 
countries, and particularly from some NICs. Casual evidence on 
Singapore, Malays \a, India, Brazil and Mexico would seem to 
indicate that the proportion of programmers and systems analysts 
originating from the Third World in the software teams of major 
OECD-based electronics firms is already considerably increasing. 
The same would seem to apply for systems houses and computer 
service firms. — '

- The structural limitations for increasing productivity in 
software development and engineering (including maintenance 
and reconversion). In hardware production, economies of 
scale and automated mass production are possible which 
allows firms to reduce significantly costa. Software pro
duction on the other hand still defies a systematic appli
cation of the instruments of socalled "scientific management".



According to Lamborghini, head of the economic research de
partment at Olivetti, it is "...still mainly the work of 
craftsmen, especially based on the individual skills of
analysts and programmers. The ¿job of writing software is

1° /extremely labour-intensive." —

This insufficient control over the process of software 
production has very negative consequences not only for the 
software firms themselves, but also for hardware manufacturers 
and end user firms. For all firms active in developing and 
applying microelectronic circuits its means a growing burden 
of software costs which are in fact rapidly coming close to 
critical levels.

Finally, a much more fundamental concern has been voiced 
by one of the leading computer scientists, Joe Weizenbaum of 
MIT. —  ̂He points out that although reductions in hardware 
cost and size, coupled with increases in operating speeds, 
have increased substantially the amount of problems which 
computer systems could theoretically tackle, a software 
'threshold' may well have been crossed. In the early days 
of computer programming, one person usually devised and wrote 
a whole computer system. But with growing complexity of 
computer architecture and programs, the one-man approach 
increasingly gave way to team programming. This in turn 
means that "a computer system suffers the onslaught of 
many people... As a consequence there are many systems for 
which there is no theory and no team of people who understand 
the whole thing."

4
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U.I1.3. Soae Underlying Causes

The crucial factor seems to be the marketing strategies
of the hardware suppliers. In a situation where established
oligopolies became destabilized, competition centred on
a frantic race to offer new and low-cost hardware. The
speed of introducing new hardware is such that hardware producers
(computer or components firms) could only try to adapt
ex post the existing software. In other words, most of
the expenditures on software engineering had to be geared
to software maintenance and adaptation.

Take for instance Siemens.
According to Anton Peisel, member of the board 

of directors of this company, up to 80% of the company's 
software capacity, i.e. of the highly trained personnel 
capable of writing computer programmes, have to occupy 
themselves with software maintenance and adaptation. In 
other words, 80% of Siemens' software labour force'has 
to repair the faults of the past, whereas only 20% are 
able to focus on the development of new software. This 
shows that the insufficient growth of productivity in 
software engineering, rather than being caused by purely 
technical reasons, is probably mainly due to this very 
particular way of organizing the software labour process. 
According to Joachim Schweim, managing director of SCS 
Scientific Control System.GmbH, Hamburg, "...a firm which 
is forced to apply permanently more than 80% of its personnel 
capacities to software adaptation and conversion and -which 
can realize new applications programmes only under extreme
time pressure, will simply be unable to develop basic and

21/long-term strategies." —

But why is it so difficult to get rid of this seemingly 
'Irrational" structure of the software sector?

There are basically six reasons :



First, economic incentives to overcome the software bottle
neck are hardly existing. In fact, a great variety of actors 
is drawing heavy profits from the present situation. Take 
for example the Federal Republic of Germany. Hardware firms 
during the last years were able to earn approximately DM 
825 million annually for this type of software repair. In 
addition, DM 444 million have flown to a rapidly increasing 
number of software houses (approximately 100 - 200), pro
gramming bureais (ca. 1500 - 1800) and management consultants

00 /in the area of data processing (approximately 600). —

A second major reason is the increasing scarcity of adequately 
skilled persons, where scarcity is of course a relative 
concept, related to certain wage levels which firms are 
willing to pay.

Third, the transition from software engineering as an art 
to software engineering as "big applied science" is still 
very much in its early stage, with all the inherent incon
sistencies and malfunctions.

Fourth, problems related to the organization of the data pro
cessing activities in user firms. For the relatively small 
number of sophisticated user firms the main problem would seem 
to be to devise policies of transition from organizational 
pattens designed around central data processing departments 
to those based on distributed data orocessing (DDP) and data
base management. This in itself is a very difficult process, 
full of trade-offs and contradictions. But the real problems 
are with the huge majority of medium— and small-sized firms. 
These firms are hardly able to implement integrated data 
processing systems. Rather,they are under strong and probably 
even increasing pressure to apply very partial solutions, 
socalled island solutions. One basic reason would be that 
financial constraints and the need to avoid cashflow problems 
force these firms to take a step-by-step approach rather than
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to risk a quantum jump in investment. The other side of the 
coin of this incremental approach is obvious: a proliferation 
of gaps and inconsistencies between hardware and software.

Fifth, the growing gap in the speed of obsolescence between 
hardware and software. According to Gudrun Baurnel from 
Diebold Deutschland Gmbh, three quarters of the presently 
used applications software is much older than the hardware 
on which it is used. —  This would apply both to its design 
and its technique of programme realization. There are two 
underlying causes:
- The insufficient back-up documentation for and flexibility 

of existing software;
- The experience that it takes a very long time to implement 
new applications software effectively and that very high 
cost overruns are the rule. This experience of deficient 
software introduction is bluntly stated by the head of
a leading German bank's computer centre: "The old programmes 
are running now at least with a relatively low amount of 
failure, but do we really know whether the new programmes 
would ever run?" — 1

Finally, a sixth reason would consist of the inconsistencies 
and frequont changes pertaining to corporate philosophy and 
strategy due to changing pressures in the world market and 
the progression of the capital investment cycle.



1;. 5. Perspectives for the Future

For the software sector, it is extremely difficult to assess 
future perspectives. Whether or not the software bottleneck 
will be overcome, depends mainly on two factors:

- the availability of effective counter-strategies;

- and the impact on industrial restructuring and thus on 
patterns of control over strategic assets.

U.5.1. Counter-Strategies

The costs of the software bottleneck are such that attempts 
to overcome it are pursued with high priority. Basically 
five different counter-strategies can be discerned:

- Attempts to reorganize the production of software.

- Attempts to supply standardized software packages and 
turn-key systems, i.e. non-flexible systems where the 
user cannot modify programmes.

- Attempts to wire standard programmes into the hardware of 
computers and thereby, in theory, mass-produce the soft
ware which in this case is called firmware.

- The proliferation of independent software houses.

“ International subcontracting with regard to programme 
reconversion and applications software.

Expectations are running high. Yet it seems that none 
of these approaches still has been able to overcome the 
two most basic problems:

- The dependence of programming work on the creativity of 
highly paid individuals whose activity defies quantitative 
measurement and therefore control

- Software to a large extent has to be individually tailored 
to the needs of each customer.

I

T
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U . 5 . 2 .  T h e  F a i l u r e  o f
A t t e m p t s  t o  R e o r g a n i z e  t h e  P r o d u c t i o n  o f  S o f t w a r e

According to one leading expert, "...the programming of 
computer applications is about to turn a corner. After 
25 years of writing programmes in languages like FORTRAN 
and COBOL, in which we have to tell the computer h o w  
t o  d o  what we want, v/e are now on the verge of being 
able to tell the computer only w h a t  w e  w a n t ,  
then let i t figure out h o w .  A change in method 
which will have a profound impact on the computer industry 
is a long-needed response to the 'software crisis' that 
has plagued us for years." —- Of particular Importance, 
are attempts to increase the use of high-level languages 
(for instance Ada) which are expected to enable programmers 
to write software faster. New programming languages which 
promise to make computers easily accessable to all come 
up regularly - and equally regularly fail to make any 
impact on the professional data processing world. A recent 
example would be APL which is being commercialized by the 
American software house STSC (=Scientific Time-Sharing 
Corporation). According to the Financial Times.STSC claims 
that it would take o n ly one quarter of the time to develop 
applications programmes using APL than other languages - 
the competition includes COBOL, PL h and BASIC. But there 
is a price to be paid of course: all that simplicity for 
the user means lots of software behind the scenes - the 
production of APL requires very complex software and soft-
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ware development systems. Wie auoted cash nrice for APL* /
is about & 20,000 - or i 750 a month on lease. —

H e  same would apply to attempts to "taylorize" 
programming through segregation of tasks and devicing 
patterns of division of labour between programmers, the2 7/socalled "structured programming". —  Finally attempts 
to adapt CAT (»Computer Aid Design) techniques to soft
ware development, have recently gained increasing prominence.

Overall, these attempts to reorganize the development 
and production of software seem to have led to a considerable 
reduction of programming time and complexity. Further, 
flexibility has been increased, ss has the ability to respond 
to requirements not anticipated in detail when the appli
cation was first programmed. Finally, the time needed for 
maintenance programming has also been considerably reduced.

Yet despite of these improvements, there is still a long 
way to go to cover the productivity gap between hardware 
and software development. The productivity for instance 
of today's programmers is no more than two or three times 
the productivity of programmers a quarter century ago.
In the same period, the prics/performance ratio of the 
computer hardware has improved by a factor of perhaps 
a million. In addition, programming tasks are getting 
harder. To quote McCracken again: "As we learn how to 
solve one class of applications, we tackle harder ones.
The software problem is therefore a rolling crisis.' He 
concludes: "In a word, the rate of improvement in programming 
productivity... is just too slow to keep up with the2Q /demand for new applications." —

tm



s f o r In H ’ i st.rial Restructuring

The aforementioned changes in the software sector will in
creasingly condition corporate strategies. This would first 
apply to the information processing sector itself, but later 
on it would increasingly spread over to a growing number of 
industrial user sectors.

Corporate strategies would be affected in various ways.
Two aspects of particular importance are attempts to 
restructure the firm in terms of product, organization 
mnA vertical integration and strategies of sectorial and 
geographic redeployment.

One school of thought purports that the decentralization of 
software production could play a significant role in this 
process. The proliferation of small software bouses which 
are able to produce software at costs lower than the internal 
costs of the systems manufacturers could become an important 
factor for a new round of destabilizing the dominant oligo
polistic structures. In other words, trends in the software 
sector, according to this view, could contribute to a process 
of vertical disintegration of huge highly diversified elec
tronics firms and thus counter at least so some degree the 
powerful moves towards increasing concentration. — ^

Software strategies related to microcomputers would seem to 
be a case in point. The microcomputer industry is clearly 
among the most dynamic industries in the electronic sector. 
Competition which is getting more and more fierce, will in-

31/creaaingly center on the development of software strategies. —  
Actors involved in this competition are computer manufacturers 
with in-house software development capacities and independent 
software houses active in the area of microcomputers.

Increasingly, the market success of a particular microcom
puter system depends on the availability of good software 
and reliable documentation. Host of the first-class software



originates today from independent software houses. This trend 
seems to continue and most hardware producers prefer to 
pr'cure software from independent software houses.

Take for instance I EM. Since the introduction of its personal 
computer in August 1981, —  IBM has contracted with independent 
software houses in the U.3. to adapt two widely-used 
operating systems for use on its microcomputer. H M  is also 
experimenting with some unconventional tactics. In an un- 
precendented move, the computer giant has opened up, at 
least selectively, the software market for its system. It 
is encouraging users to develop applications packages for 
the machine and offering to publish those which it approves.
To get the bell rolling, IBM employees are being offered 
incentives to purchase the machine and develop software 
in their spare time. The company obviously expects that this 
approach will help to build up a large library of application 
software for the machine - et relatively low cost and under 
tight control of IBM.

On the other hand, competition between major software pro
ducers is becoming increasingly intense and thus moves to 
increasing concentration are bound to multiply. This applies 
to all the major market segments, i.e. operating systems, 
languages, compilers and application packages.

Vith regard to operating systems, the name of the game is 
standardization. For 8-bit microcomputers for instance, the 
CP/M-system software of Digital Research has become the de 
facto stcndaid. For 16-bit system software, the fight has 
just started and Creative Strategies International (CSI) M /  
expects that the dominant firms will have established their 
position during the next two years. Actors involved include 
Digital Research, Micro Soft Inc., Bell Labs., Onyx, Cromance 
and others.

Our own position would be that it is probably too early to 
predict the final outcome. After all, developments in the soft
ware sector cannot be analysed in isolation from the dialectics



of forward and backward integration which is increasingly
becoming the dominant characteristic of the overall electronics
industry. With the growing pervasiveness of microelectronic
devices, these battles over strategic assets and markets
will increasingly spill over to sectors outside the traditional
confines of the electro-mechanical industry, vith
the result that predictions will become even more difficult- — '

-l. 5 - U - T h e  C o n c e n t r a t i o n  a n d  G-l o b a l i  :;at i o n  o f  C o n t  r o I

In the final analysis, I would expect trends towards an 
increasing concentration and globalization of control over 
strategic aaaets to prevail also in the software market.
This expectation is based on four factors:
- the rising cost burden of designing, engineering and main-
- taining software;
- the huge coat of developing appropriate high-level languages ;
- basic limitations to the software package approach;
- the need to expand in-house application teams.

During the forthcoming new rounds of office automation and 
computerization of production, the importance of software 
will further increase. For firms intending to apply micro
electronics-related innovation, the question of how to pro
cure, control and maintain cost-effective system and 
application software will become of increasing importance.

Firms wishing to acquire dominant positions in the software 
sector, are ultimately confronted with four key conditions 
of success:

a) The development of new modes of computerizing the design, 
engineering and maintenance of software, particularly 
application software. In other words, new programming tools 
are required which are based on now, more powerful CAD 
systems which allow for inter-activs programming. It is 
through this new applications development tools that it 
would be possible to reduce the time needed to develop 
applications programmes, and in addition to reduce develop
ment and maintenance coats. This last point, i.e. the re-



duction of the number of personnel that has to be allocated 
to software maintenance, is of crucial importance, because 
it would allow to dedicate a higher proportion of the 
highly paid software personnel to the development of 
new applications.

b) The development of high-level languages embedded in 
inter-active development systems which would allow to 
reduce the applications development effort by as much 
as 80 - 90£ and the maintenance effort by up to 95#» ~

According to Goetz, —  high-level programming will reach 
mtxh higher levels than was achieved in the 1960s and 1970s 
with languages as COBOL ani PL/1. There are two reasons 
for these new productivity gains

- First, the inter-active programming at a terminal permits 
the computer to prompt, show and help the user in many 
new and innovative ways. Immediate use of feed-back and 
examination of results using new higi-level languages 
and commands can significantly reduce the programming 
effort.

- Second, high-leve.. statements that elimate inputs/out- 
puts statements interacting with the data dictionary, 
and that provide for structured logic and non-procedural 
statements (that is, definition of reportsX can reduce 
significantly the overall effort required for applications 
development, maintenance and enhancement.

c) Integrated management of data base systems. Host companies 
need more than a data base administrator; they need a 
complete department that controls the use and modification 
of data within the corporation.

One major reason is that applications packages will hardly 
ever be able to fill the need for the majority of appli
cations that will eventually be computerized within a 
corporation. Therefore, the in-house development of



1

£n m p r Y z e d  sppX icsti.on.s cotitin u s "to pl®y ««

important role to meet unique company requirements 
which cannot be satisfied by an applications package. 
According to Goetz "...the use of data base management 
systems and software development tools associated with 
these applications provides the most effective solution 
for most individual companies that have complex operations

- i  - r  lshared among departments and divisions." —

d) Sufficient investment in high-quality technical personnel.
In other words, whatever progress will be made in software 
packages and in the miniaturization, of hardware, micro
electronics-based automation systems can hardly be 
effectively implemented without the active participation
of an "elite corps of high-technology engineers building? ̂ /computerized application systems". —

To conclude, the software market which is of strategic impor
tance for the future growth of microelectronic applications 
is still characterised by relatively low barriers to entry 
and a fairly wide-ranging heterogenity of firms involved.
At present cost-price ratios, subcontracting arrangements 
with independent software houses and computer service companies 
are attractive - at least for certain types of software 
activities. let the economies of designing, engineering 
and maintaining software, particularly of applications soft
ware, are rapidly causing a considerable increase of barriers 
to entry. Consequently, trends towards an increasing concen
tration and globalization are bound to multiply also in this 
industry.



CHAPTER 5.
T H E  I N T E R A C T I O N  B E T W E E N  REC E N T  T E C H N O L O G I C A L  

B R E A K T H R O U G H S  AND I N D U STRIAL R E S T R U C T U R I N G



a l  B r e a k t h r o u g h sT h e  I n t e r a c t i o n  b e t w e e n  R e c e n t  ~ e  o h n o l  o g 1 c 
a n d  I n d u s t r i a l  P. e s t r u c t u r i n e

I m p l i c a t i o r . s  f o r  C o r p o r a t e  S t r u c t u r e  a n d  S t r a t e g y

We have seen that due to recent technological developments, 
the economics of designing and manufacturing semiconductors 
have been subordinated to a radical change. A branch which 
used to be characterized by a relatively high labour inten
sity, today experiences sky-rocketing capital outlays and 
a dramatic upsurge in capital intensity.

In addition, the combined effect of demand stagnation and 
profit squeeze and the semiconductor industry's high 
vulnerability to any economic recession has made this 
industry less attractive as an investment opportunity.
In otuer words, the semiconductor business is increasingly 
running into problems of capital formation and investment. 
It is in this context that we have to discuss implications 
for corporate structure and strategy.

5 . 1 . 1 .  T h e  S e a r c h  f o r  N e w  M o d e s  t o  F i n a n c e  G r o w t h

At the same time as costs rise, product life cycles are 
becoming shorter and shorter. In other words, a faster 
recovery of increasingly huge investment sums is required 
which puts increasing strain on the financial capacities 
of semiconductor firms.

We have already documented the increasing cost burden of capital ex
penditure and how this has increased the profit squeeze for major 
Seaic idUCtor merchant firms. —  ̂ T h e  i m p o r t a n t  p o i n t  is t h a t  

both trends are not just short-term ones, but seem to be 
closely related to long-term structural change, i.e. a 
radical transformation of the economics of semiconductor manufacturing.

In fact, the crucial issue is that the cost of 
new production and test equipment is rising faster than



profits even for the industry's leaders. George Heilmeier 
for instance,vice president for r+-d at Texas Instruments, 
recently observed that with investment costs of a complete 
new manufacturing line today running up to % 4-0 million,
even a firm like Texas Instruments would have to be in-2 /creasingly selective about new markets. - Iil other words
the changing economics of semiconductor manufacturing might 
impose increasingly narrow limitations to strategies of 
innovation and market penetration. According to Datamation: 
"Industry leaders have warned that unless firms are able 
to improve their profit margins, very few of them will be 
able to effort the development and capital equipment cost 
to produce state-of-the-art VLSI circuits." -

How to finance growth has indeed become a dominant concern 
among major semiconductor firms, particularly US merchant 
firms, and established doctrines of innovation and pro
duction management and marketing are being increasingly 
questioned.

In principle, there are three possible approaches to an 
increase of profits and thus to reestablishing the capacity 
of semiconductor firms to generate internally the increasing 
funds needed for capital formation:

- they could try to manipulate prices;

- they could attempt to lower costs through improved productivity;

- or, finally, they could take recourse to a cutting-back of 
production.



( a ) T h e  t r a d i t i o n a l  a p p r o a c h :  f o c u s  o n  y i e l d  i m p r o v e m e n t
a n d  l e a r n i n g  c u r v e  p r i c i n g

Traditionally, the industry has been characterized by an 
aggressive market penetration pricing strategy, called 
"learning curve pricing" —  ̂ which was made possible by 
the persistent and rapid decline in the cost of a given 
electronic function. In fact, the cost of a given 
electronic function has been declining even more rapidly 
than the cost of integrated circuits, since the complexity 
of the circuits has been dramatically increasing, as their 
price has decreased.

For example, the cost per bit (binary digit) of random- 
access memory has declined an average of 35# per year 
since 1970, when the major growth in the adoption of 
semiconductor memory elements got under way.

The principal cost determinant for semiconductor is yield, 
i.e. the amount of devices per wafer that passes final 
testing. ~



Figure 5.1.shows the ability to pack electronic components 
on a single chip (die) while maintaining acceptable yields.
The number of components per chip has been doubling every 
year and in the near term is expected to continue doubling 
every 2 years or less. At the same time, the cost per function 
(in this case, per bit of memory) has been declining rapidly. 
It is this combination of increased functional complexity 
and decreased functional cost that is expected to cause
rapid proliferation of electronics into many formerlyT /nonelectronic areas. —

Figure 5.l■Trends in the Cost and Level of Integration in 
Monolithic Circuits

Source: Wise, Kensall D. et al - "Microcomputer: A Technology
Forecast and Assessment to the Year 2000", John Wiley 
& Sons, New York, 1980, p. 13



It is due to this tremendous decrease of functional cost 
that prices for electronic components since the development 
of the integrated circuit have experienced a more than 
hundredfold decline. This in turn has allowed the semi
conductor industry to double output annually over an 
extended number of years. According to Robert N. Noyce, 
vice president of Intel Corp., this has meant that rather 
"... thar serving a market that grows only in pace with 
the gross national product or the population, the industry 
has *rved a proliferating market of ever-broadening 
applications. As each new application consumes more micro
electronic devices,more experience has been gained, leading 
to further cost reductions, which in turn have opened up

Q feven wider markets for tne devices." —

"Learning curve pricing", perhaps the most important manage
ment innovation of the semiconductor industry, today is 
running into increasing problems.

Traditionally, as semiconductor firms learned how to improve 
their yields, these "leaming-by-doing" effects, which go 
along with increasing output, would be reflected in signi
ficant price reductions. Radical price cuts in turn stimu
lated new markets and volume-related reductions in manu
facturing costs. Thus, by driving aown unit prices, vendors 
sold much more and ultimately made higher real profits.
Major US semiconductor firms, such as Texas Instruments, 
Motorola and Intel have been pioneering this type of pricing 
policy. Japanese firms were soon to join this game, parti
cularly for 4K and later on for 16 K RAMs.

Yet, as we have already shown, recent structural changes in 
the industry are increasingly obstructing this "learning 
cost curve" approach. This was true even as long as demand 
for most semiconductors exceeded supply and immediate sales 
were usually assured. Today, in a situation of demand stag
nation, these constraints have become even more serious .



As complexity - measured in chip size and number of pro
cessing steps - goes up, so does the yield uncertainty. One 
day yields are good, the next day yields are disasterous.
Each manufacturer hopes to sell devices at a price sufficiently 
high to generate a target revenue per wafer in order to cover 
costs, profit margin, and yield uncertainties.

In fact, as the state-of-the-art in RAKs, ROMs and EPROMs 
went from ft K to 6ft K, price reductions, fuelled by an 
increasingly aggressive Japanese competition, continued 
to cause market expansion, but because of significantly 
rising costs of production, actual net profits as a per
centage of sales shrank considerably. In other words, pre
vailing sales prices did not generate any more sufficient 
revenue per wafer. Thus, semiconductor firms are increasingly 
loosing their capacity to generate internally the increasing 
funds needed for growth.

( )  T h e  d e f e n s i v e  a p r r o a c h : c u t t i n g  h a c k  p r o d u c  t i o n

In 1979, major US semiconductor firms clearly chose the last 
of the three aforementioned options, i.e. cutting back pro
duction. For example, Texas Instruments, National Semicon
ductor and Intel were all cutting back on ft K MOS RAM pro
duction in spite of strong user demand and lead times of up 
to four months. In fact, the last two firms, in late 1979, 
were quietly buying ft K RAMs from Japanese firms to supply 
to their US customers, and to enable their own production 
resources to be diverted to more advanced products with 
better profir margins. —' In other words, much of the 1979/1980 
"chip crisis" might have also been a result of deliberate 
strategic choice.

In 1980, this move towards cutting back production gathered 
momentum, encompassing now increasingly the phasing-out 
of whole product groups - witness for instance the phasing- 
out of bubble memories by such prominent firms as Texas



Instruments, Motorola and NSC, despite the 'act that each 
of thase firms had to write off huge r&d and investment 
outlays. —

5 . 1 . 2 .  a n s l t l o n  t c  C u t - t h r e a t  C c n p e t i t i o n  - t h e  R c l e
o f J a p a n e s e  F i r j s

Clearly an important development of the last years has been 
the fact that Japanese firms were able to make significant 
inroads into the most dynamic market of the semiconductor 
indue tiy, i.e. the market for integrated circuits. This would 
apply especially to memory chips, particularly 16 K RAM chips.

Obviously, the attack by Japanese firms has changed the 
face of the industry and obviously too the new role of 
Japanese firms is bound to influence the interaction 
between innovation and industrial restructuring. In fact, 
some observers are convinced that Japanese firms are already 
about to achieve dominance in major segments of the world 
semiconductor market and some go even further to predict 
a new "Japanese challenge" for tae world computer and 
telecommunications markets. — ^

No doubt, Japanese firms, thanks to their aggressive stra
tegies of selective market penetration, have set in motion 
a process of destabilizing US dominance in this sector.
But whether this will lead to a viable mu?tipolarization of 
control over strategic assets, beth in semiconductor manu
facturing, and in the electronics sector at large, remains 
to be seen.

( a ) T h e  s u b o r d i n a t e  r o l e  p l a y e d  b y  W e s t  E u r o p e a n  f i r m s

What seems to be obvious however is that Western European 
firms, including Philips and Siemens, so far have played 
a subordinate role in this game. Due to insufficient innovative 
and productive capacities they have been unable co gain 
from the chip shortage of 1979, and are still far behind, 
if not falling back further, in crucial areas, such as:
VLSI design capacities; the design and production of semi
conductor equipment, particularly of lithographic equipment 
for the sub-micron range; software development and engineering



techniques; and the application of CAD/CAM techniques
12 /to circuit design.—  Further, with regard to production 

efficiency and yield per wafer, most European firms in
volved in semiconductor manufacturing are lagging vary, much behind 
their Japanese and even behind most of their US counterparts.

Thus, by and large, European firms are bound to play a 
relatively passive role in the forthcoming battles to 
gain control over the strategic assets of this potential 
key growth industry. This is in fact the conclusion drawn 
by a recent study on the semiconductor industry in the 
EEC undertaken by the Sussex European Research Center:
"... a Japanese-style catch-up strategy in semiconductors 
would make little sense for the EEC; the Americans and 
the Japanese are too far ahead, and it is essential that 
their technology should be freely available to the Euro- 
pean electronics industry.n —

(b ) The s c o p e  f o r  f u r t h e r  m a r k e t  p e n e t r a t i o n  b y  J a p a n e s e  f i r m s

After the chip crisis of 1974/75i the Japanese firms, in 
contrast to their US counterparts, did not cut back investment 
and r+d outlays. On the contrary, they proceeded with their 
long-term strategy of capacity expansion. They were thus 
able to react quickly to the chip shortage of 1979- Thanks 
to an aggressive pricing policy they could increase
their market shares considerably, so that in 1980.they were 
already controlling 40# of the US semiconductor market. —

Fig i.2. documents the dramatic increase since 1977 of the 
Japanese share in the world market for memory chips. Till 
1985, according to some estimates it is expected to run 
up to 60#.



Fitr. 5 . 2 . The World. Market for Memory Chips-Trends and 
Structural Change, 1974 -

Source: "The Chip Makers! Glamouros New 
Generation:the 64- X", Business 
Week, 6 October 1980

It remains however to be seen whether Japanese firms will 
be able to continue their market penetration. It seems that 
most projections on the development of market shares have 
somewhat hastily assumed that Japanese firms will be aole to win the
"US-Japanese semiconductor war". Yet, recent developments 
in the first quarter of 1981 indicate that this will not be 
that easy. Japanese firms owe much of their penetration 
success to dramatic price reductions, particularly for 16K RAM 
chips. The unit price for such chips which in January 1980 
was quoted as 6, in March 1981 had already fallen to % 2



and is declining even further • — '̂
Even thu most successful of the Japanese firms will hardly 
be able to continue with such a ferocious price competition. 
Furthermore, US-firms have reacted with a threat to under
take anti-dumping measures. On March 15, 1981, Nippon Electric 
Corp.(NEC), the biggest Japanese producer of semiconductors,
stopped to export 16K RAM chips to the US market, at least

16 /the open one. — It further announced its intention to 
serve the US and the West European market increasingly 
from its production facilities in the United States and 
Ireland. This recent move of NEC indicates that Japanese 
firms might have to substitute market penetration from 
production facilities, based in the US and Ireland, for 
production via exports. Overall, the trend towards greater 
Japanese electronics exports both to the U.S. and Western 
Europe seems to continue unabated.
Latest figures from the Electronic Industries Association in 
Japan, as presented in table 5.1.,underline the dynamics of 
Japanese semiconductor firms.

Tab.? 1 The Japanese Semiconductor Industry - Recent Trends. 
*980/81 (growth rates in $) 1 2 3

(1) Production
- all semiconductes 38
- integrated circuits A 5

(2) Exports
- semiconductors 27
- integrated circuits 36

(3) Imports
- semiconductors 9
- integrated circuits 6

a) -fiscal year 1980/81, from 1 April 1980 till 31 March 1981

Source: Figures are from Electronic Industries Association 
of Japan, as quoted in: "Japan steigert kräftig den 
Täalblel-fcerexport" , Blick durch die Wirtschaft. 3 July 1981
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( c ) T h e  w i d e n i n g  U S - J a p a n e s e  t r a d e  g a p  i n  e l e c t r o n i c - b a s e d  p r o d u c t s  

For the U.S., recent figures of the U.S. Department of
17 /Commerce —  show that the trade gap of this country with 

Japan continues to widen in six out of eight electronic 
product areas.

Tab.5-2-US Trade With Japan In Electronic-Based Products, 1975 - 1980 
(millions of current dollar)

ears
Product group 1975] 19761 19771 1978 1979 1980
Telephone I 5.6 5.1 4.4 6.3 8.1 6.6
and tele
graph II 25.6 31.1 44.9 92.9 IO5.6 163.3
equipment II:-20.C -25.0 -40.5 -86.6 -97.5 -156.7
Electronic I 52.8 51.1 51.6 49.2 66.4 76.9systems and
equipment II 111.2 193.7 781.5 391.1 350.4 438.6
(commercial.
military and
industrial) III -58.4 -142.6 -729.9 -341.9 -284.Q -361.7
Electronic I 109.1 141.9 133.O 172.З 253.4 238.2
con- II 161.2 257-7 371.5 502.O 698.6 830.0
ponente in -52.1 -II5.8 -238.5 -329.7 -445.2 -591.8
Electronic I 189.3 239.5 279.5 331.1 441.1 6О7 .Зcomputing II 32.5 41.7 57.9 187.2 195.7 189.3equipment Ш +157.C +197.8 +221.6 +143.9 +245.4 +418.0
Consumer I- 22.1 28.4 25.2 37.2 55.4 61.6
electronics II 1,251.5 2,578.0 2,047.7 2,757.7 2,350.7 2,337.1

i n -1 ,229.4 -5,549.6-2,022.5 -2,720.5-2,295*3-2,275.5
Calculating I 9.4 7.8 12.3 19.2 18.5 22.2
and accoun- II 180.1 229.4 240.0 338.8 3ОО.3 З7З.Зting machlnesIII -170.7 -221.6 -226.? -З19.6 -281.8 -351.1
Typewriters I 4.4 9.9 12.4 13.6 19.7 25.5and office II 100.1 162.8 203.О 190.C 226.9 256.6
machines III -95.7 -152.9 -190.6 -176.4 -207.2 -231.1
Photo- I 4.6 6.5 14.6 1З.9 16.1 17.7copying II 70.2 105.4 163.9 290.3 ЗО7.9 424.0
machines III -65.6 -98.9 -149.3 -276.4 -291.8 -406.3

I 597.2 490.2 532.9 642.7 878.7 1,056.0
Totals II 1,903.1 3,599.9 3,910.6 4,745.1 4,536.1 5,012.2

in . 1,505.9 -3,109.7 -3,377.7 -4,102.4-3,657.4^3,956.2
Hot«: I - Export« .

II ■ Imports 
III • Trade baiane«

___ ______ (+ ■ Surplus; - - Deficit)
Sourc«: U.S. D«parta«nt of Com«re«, Bur««u of Industrial Economics, 

adapted from tabi« puolished in Hindin, Harrey J. - "Trade 
gap with Japan widens", Electronics. 2 Jim« 1961, p. 102



Besides the classical deficit of consumer electronics which is 
worth now fi 2.3 billion, the most rapidly growing deficit took 
place for components and particularly semiconductors. In fact, 
since 1975 this deficit has increased more than tenfoldl All 
in all, in the eight sectors charted by the Department 
of Commerce figures, the 1980 gap was wider than that of 
1979 in six, and narrower in only two. The total 1980 trade 
imbalance was the second widest in six years, exceeded only 
by that of 1978. Even for computers where US firms used to 
hare a safe lead, it would seem as if Japanese films are 
rapidly gaining ground - whereas in 1975 the ratio for 
electronic computing equipment of US exports to US imports 
was roughly 6:1, in 1980 it had declined to just over 3:1-

( d ) T o w a r d s  a  n e w  " J a p a n e s e  C h a l l e n g e ' '  f o r  t h e  w o r l d  c o m p u t e r  
a n d  t e l e c o m m u n i c a t i o n s  m a r k e t s ?

It remains to be seen however whether the new goal proclaimed
by MITI for 1985» i.e. "the dominance of the world computer10/market" ~  can be realized. After all, the huge Japanese 
electronics conglomerate are notorious for their weakness 
in providing software and service, let alone creative design
or future-oriented basic research. This would apply, as

197a recent report by Electronica—  has shown, even to those 
firms which like Fujitsu, Hitachi and Nippon Electronic are 
mainly concerned with computers and communications. On the 
other hand, these firms, together with Toshiba Corp., have 
recently started to create specialized firms which are

?o7supposed to develop the software needed for VLSI chips. —
In addition, Japanese firms recently have been very 
active in trying to tap the pool of still relatively
low-paid software engineers and systems analysts, available

21/in the UK —  and have recently started to engage in the
multi-pronged programme of the government of Singapore to

22/train computer programmers • In the final analysis however, 
it would seem that the Japanese Science and Technology System 
is hardly able to cope with the problem of overcoming the



software-bottleneck - at le*«t not within suck a abort; period./It seems likely, as the Financial Times Survey —  points 
out,tbat with the increasing spread of computer use, the 
demand for new software will continually outran the supply. 
Thus, Japanese semiconductor firms will probably continue 
to rely on bringing in Americans for specialised systems 
development - though companies are usually quiet on 
this dependence.

To conclude, Japanese firms have clearly succeeded in 
enlargening their market shares in semiconductor world 
markets, particularly for mass-produced LSI standard devices. 
They have reached this position because they were able to 
outdo US competitors in quality and reliability, price and 
performance.

But to claim that they are about to achieve dominance in 
the world semiconductor markets would seem to be premature. 
This would apply even more so for the world computer and 
telecommunications markets, the two key markets of the 
future. There would thus seem to be some need to demystify 
the widely quoted "Japanese challenge", qt more precisely, 
to reduce it to its correct dimensions. “



5 . 1 . 3 . T h e  S e a r c h  f o r  N e w  P a t t e r n s  o f  a D i v i s i o n  o f  L a b o u r  
B e t w e e n  F i r m s  I n v o l v e d  i n  S ¿ m i  c o n  d u e  t c r ‘-'.an u f a c  t u r  i n g

( a ) T h e  d r i v i n g ;  f o r c e s

We have seen that in a situation of rapid structural change 
and of a worsening economic crisis, traditional approaches 
towards corporate strategy and structure cease to work 
sufficiently. On the other hand, a defensive approach 
such as cutting back production and phasing-out whole 
product lines is no viable solution at all to the increasing 
constraints facing semiconductor firms. In addition, new 
strategies and organizational arrangements have recently 
emerged., developed particularly by Japanese firms. Thus, 
those firms which used to dominate the world semiconductor 
industry practically uncontested till around 1978, i.e. 
basically the ten leading US firms, do not have much 
choice today but to look for new approaches to adapt 
corporate structure and strategy. It is in this context 
that the search for new patterns of a division of labour 
between firms involved in semiconductor manufacturing 
has recently gathered momentum, particularly in the U.S.

Basically, there are three different types of arrangements 
in this field:

- The first type of arrangement relates to a division of 
labour between unequals, i.e. mainly new forms of sub
contracting arrangements, where minor or new start-up 
firms step into stages of production and product ranges 
which the dominant firms for a variety of reasons do 
not want anymore to cover themselves. This would relate 
in particular to the upsurge of assembly subcontracting 
arrangements during the chip shortage of 1979/1980 where 
majur US merchant firms engaged an increasing number of 
tiny firms originating in Southeast Asia, especially
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the Philippines. We will discuss in detail this type of 
subcontracting arrangement in chapter 6.

The additional two types of cooperation by and large relate 
to a division of labour between equals. In fact, it would 
seem as if they are going to engage increasingly only a 
small number of dominant firms.

- The second type of arrangement relates to new forms of 
subcontracting in the field of silicon foundry services.
We will show that major ÜS merchant firms recently 
established strong positions in this market and will 
discuss some of its implications.

- The third type of arrangement finally relates to the 
recent trend towards increasingly extensive inter-company 
cooperation. Again we will show that major US firms
are involved and will identify the logic underling this 
development.

Before we are going to discuss in detail the second and 
third approach, we should add that, from the very beginning, 
these new and to a large degree still experimental forms 
of a division of labour between semiconductor firms, have 
not been restricted to one particular country, e.g. the 
US, or one particular region, e.g. the EEC, but tended to 
be global in nature. In addition, these changes internal 
to the semiconductor industry are increasingly interlinked 
with the dialectic moves of forward and backward integration 
which are rapidly restructuring the global electronics 
complex (see 5 -2 . and 5.3. ).
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( b   ̂ N f i V  S i i h c p n t  r a g !  i  w g  S , r r s r . p S

"silicon foundry services"
4- —  r» ~  T -5 - .£»
Oil»- XXCTJ.U. '•J i.

According to recent reports from electronic consulting firms 
and newsletters, — the semiconductor industry is just about 
to experience a new round of industrial restructuring which 
might again change considerably the economics of semicon
ductor manufacturing. I am talking about the recent rapid 
expansion of a separate market for silicon foundry services 
in the US, a development which even the most intimate 
"connaisseurs" of this industry were unable to visualize 
hardly one or two years ago. According to Intel, this market 
in the US alone in 1981 was already worth jS 135 million and 
will grow to 0 680 million by 1985. —

Silicon foundry services is a loosely used proxy for all 
kindsof manufacturing and service activities. Usually, their 
main focus is on wafer-fabrication, i.e. on transforming the 
original design,as embodiad in the raask,into a silicon 
architecture. The aana silicon foundry is derived from 
the fact that this was originally done primarily by means 
of chemical processes and heat treatment. Silicon foundry 
services thus can be roughly defined to exclude on the one 
hand IC design and mask making and on the other assembly and 
final testing.

In reality, an independent silicon foundry service firm 
would usually receive from a huge computer or telecommunications 
equipment manufacturer a basic design for a highly complex 
non-standard IC of which the equipment manufacturer wants to 
be sure that it cannot be purchased or copied by his competitors. 
Much of the detail of VLSI design is then handled by the 
silicon foundry service firm by means of computer aided 
design tools.

The essential point is that the barriers to entry into the 
silicon foundry services market are very high indeed- the 
equipment firm wants to be sure that it can get access to 
a great variety of complex and effective computer programmes



which the silicon foundry service firm has developed in-hous? 
and used in the design of new chips, microprocessors and 
memories. This approach allows systems designers to draw 
up integrated circuits layouts without having too much 
concern for the details of the circuits, and thus contributes 
considerably to a reduction of design costs and lead time.
In other words, system firms expect silicon foundry service 
firms to be able to offer customers some of the most advanced 
semiconductor processes available today, and in multiple 
locations so that the customer is always assured of supply*

Consequently, the range of firms which could hope to enter 
successfully this market foi* silicon foundry services is 
very restricted. This is in contrast to earlier expectations 
according to which newcomer firms and even some firms 
originating from offshore locations in South East Asia might 
be able to enter this field.

US Semiconductor Merchant Firms Enter the Stage

Threecof the major US semiconductor merchant fitms, i.e.
Intel, Motorola and National Semiconductor seem to have 
already established strong positions in this market. Intel 
for instance in September 1981 announced that, with annual 
sales approaching 0 800 million, it will turn as much as 
1C/6 of its production capacity over to the new venture into 
silicon foundry services. The company expects the new operation 
to have sales of 0 100 million a year within a couple of years.

The logic underlying the emergence of this new market can 
be roughly described in the following way:

Systems manufacturers,i.e. particularly computer and tele
communications equipment films, are under growing pressure 
to build systems that offer exclusive features. To do this 
they need non-standard electronic devices - ones that cannot 
be purchased or copied by their competitors. Some of the



largest systems manufacturers have acquired their own chip 
manufacturing facilities to make these parts, but with the 
cost of setting up a semiconductor manufacturing plant 
approaching jS 100 million, silicon foundries offer an 
attractive alternative.

Semiconductor merchant firms have different motivations. It 
would seem safe to mention.at least three of them:

- First, the down-turn in the US economy, which has its 
effect upon the semiconductor market, has prompted semi
conductor makers to accept foundry business as a means 
'of keeping production lines busy. Many of the companies 
that are presently "filling in" with foundry business
will turn it away when the economy turns up, some analysists 
predict.

On the other hand, all major semiconductor merchant firms, 
during the last cwo to three years, have considerably in
creased their production capabilities by building new plants 
and increasing the yield of good chips made out of each 
sili.con wafer. Consequently, there are huge surplus capacities 
existing now, particularly for mass produced standard devices, 
and it is very unlikely that even the most powerful economic 
upturn will be able to absorb their output. In other words, 
there would seem to be enough pressure for semiconductor 
merchant firms to stay in the silicon foundry services business, 
at least as long as the existing overcapacities have not been 
written off.

- Second, strategies to enter the silicon foundry services market 
might be conceived as a counter-strategy to foreign,and par
ticularly Japanese competition. Take for instance Intel. Its 
move into the silicon foundry business to make custom chips 
marks a dramatic departure from the company's previous 
policy of sticking almost exclusively to high profit innovative 
device products. With that business now under increasing threat
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from Japanese competitors, Intel is switching towards a 
market in which close customer supplier relationships are 
crucial, one which is largely immune to foreign competition.
The new strategic focus is aptly described by Jack Carsten, 
vice president and genaral manager of Intel's microcomputer 
division: "The silicon foundry operation is a maoor committment
by Intel to the new business of marketing our state-of-the-°8 /art manufacturing ability." —

- Third, an additional advantage that silicon foundry services 
offers for semiconductor merchant firms is that it shifts 
design and development costs and risks to the customer.
For today's highly complex chips this is a very significant 
investment.

Of- course, these developments are so recent that it is probably 
too early to draw well-established conclusions. But it would 
seem safe to conclude that if the move of major semiconductor 
merchant firms into the silicon foundry services market con
tinues, this would be just another factor adding to the 
increasing concentration of control over the semiconductor 
industry. Consequently, chances for newcomers and firms 
originating from offshore locations in South East Asia and 
other Third World areas to enter the field of designing 
and producing microelectronic circuits will even further 
deterioriate.





(c ) The new trend towards inter-company co-operation

A second approach to establishing new patterns of a division 
of labour within the semiconductor industry brxngs together 
firms of relatively equal strength. We are talking about the 
new trend to establish among major firms new fonns of 
extensive cooperation agreements. In contrast to conven
tional types of very selective cooperation, for instance 
the socalled "second sourcing" agreements, these new 
types of cooperation agreements have a much broader scope 
and tend to focus in particular on joining forces in the 
development and marketing of high technology devices.

A case in point would be the recent extensive cooperation 
agreement signed by two major US semiconductor firms, i.e.
Intel Corp and Advanced Micro Devices (AMD) on 11 October 
1981 ■ —  According to this agreement, both firms will 
cooperate over the next ten years in their development 
and marketing of the following types of devices:

- top range 16-bit microprocessors designed by Intel;

- special peripheral parts linked to them, as designed 
by AMD.

In addition, AMD will allow Intel access to its bipolar 
processing technology which is expected to become of
strategic importance for the new markets of super-fast

30 !logic circuits and telecommunication devices. —

The impact of this cooperation agreement will be considerable 
indeed. As partners, rather then competitors, AMD and Intel 
will represent a major new force in the semiconductor business. 
Intel is the world’s fourth largest manufacturer of inte
grated circuit 'chips' after Texas Instruments, Motorola 
and National Semiconductor. Sales last year were f  855 m.
AMD ranks ninth in the world with sales of over % 30Ora.



The logic underlying this new trend towards intern-company
cooperation centers around five basic motivations:

- First, a defensive one, i.e. to counter the impact of 
the economic crisis. Intel's operating earnings for 
instance during the first nine month of 1981 showed
a decline of 82# to 0 28.5 million from 0 14-3.4- million 
in the same period in 1980. AMD did even worse: for the 
quarter ending September 27, 1981, it reported an 85# drop 
in net income from 0 7 million to 3 1 million and a 
16# d rip in sales.

Obviously, the situation is such than firms have to run 
behind even the slightest improvement made possible by 
arrangements to ¿join forces and consolidate markets.

- Second, an additional defensive motivation arises from 
the concern of most US semiconductor firms to fend off 
increasing competition from Japan. In the case of Intel's 
16-bit microprocessor for instance, three Japanese com
panies are already producing copies of it, two of them 
without licence from Intel. No doubt this has calmed 
down Intel's earlier resistance to share technology with 
compatriot US firms.

- Third, companies perceive such agreements as a convenient 
means of sharing the rising cost burden of developing, 
manufacturing and marketing new microelectronic devices.

- Fourth, gaining access to markets for high technology 
products. For AMD this would apply for inauance with 
regard to Intel's new generation ji‘ 16-bit microprocessors 
and its future successors. For Intel in turn, it means
the chance to complement i.ts product range by complementary 
peripherals and, as mentioned already, by access to AMD's 
bipolar processing cechnology.



- The fifth and last motivation relates to the conventional 
search for reliable second sources which particularly in 
the high-technology range of products requires increasingly 
long-term arrangements.

(d ) The underlying Ic^lo

Three factors seem to have played an important role in the 
search for new patterns of a division of labour between 
firms involved in semiconductor manufacturing.

First, the need to increase economies of scale. Due to the 
aforementioned changes in the economics cf semiconductor 
manufacturing economies of scale in fact are becoming 
of increasing importance in this industry. Today, according 
to industry insiders, they even exceed the weight of 
"learning economies".

The traditional approach to increasing economies of scale
31/is to expand the minimum plant size. According to Truel ^  

a wafer fabrication plant, in order to be profitable, 
needs to produce at least 10 ro 30 ,0 0 0 wafers per month, 
i.e. several million complex circuits belonging to the 
same family per annum. Increasing minimum plant size in 
turn requires an expanding turnover and thus is bound to 
lead to a further intensification of worldwide competition 
for market access.

But in an industry with a dramatically rising cost burden 
of r&d and investflent and with an equally dramatic increase 
in the risks involved both in research, product development 
and marketing, there are clear limitations to this approach. 
Instead of relying on highly integrated huge plants costing 
up to $ 100 million today, an .alternative approach would 
consist for instance of segmenting production in such a 
way that highly specialized linns would focus on specific



products or stages of production, and to complement 
this segmentation by new forms of a branch-specific sub
contracting. Thus a second factor would relate to the 
need to decrease cost burdens and the risk involved.

A third factor finally relates to the need to increase 
the flexibility of firms to react on all stages of pro
duction, i.e. in r&d, production and stock-keeping, to 
the ups and downs of semiconductor demand. We have seen 
already to what degree the semiconductor industry has 
been vulnerable to the economic crisis. Thus, the pressure 
to decrease crisis vulnerability would seem to be parti
cularly high for this industry. Again, new foims of inter- 
firm cooperation or subcontracting can contribute consi
derably to this goal.

Overall, the search for new patterns of a division of 
labour between firms involved in semiconductor manufacturing 
is an excellent example of the two-way interrelation between 
innovation and industrial restructuring. The availability 
of new technologies has changed the economics of semicon
ductor manufacturing. This in fact has set in motion 
extensive processes of restructuring the industry, by and 
large increasing considerably the intensity of competition.

It is this increasing global competition 
which has Deen one of the major driving forces beuind tl.e 
recent rapid expansion of automation which, in addition to 
its classical applications in mask-making and'wafer fabri
cation, is increasingly applied in design (GAD]) and assembly.

Thus, the availability of new electronic technologies on tbe 
one hand has led to major changes in the economics of 
semiconductor manufacturing and thus was bound to lead to 
a considerable adaptation of corporate strategy and structure. 
These new types of corporate strategies in turn, centering 
on increasingly aggressive forms of a global competition, do 
have an important role to play in the ongoing process of 
choosirg product and process technology.



5.2. The Dialectics of Forward and Backward Integration - Towards 
a New GeaicoMuuCt,ur Industry of Corporate G i a n t s ?

5.2.1. Forward versus Backyard Integration - Conditioning 
Factors, Constraints and Recent Trends

The structure of the firms active in the semiconductor industry 
is undergoing rapid change. The era of specialized and in
dependent firms characteristic for the late 1950s and the 
early 1960s is clearly over now. New actors have become 
involved, the economics of semiconductor production have 
changed, and consequently firms were forced to test out 
ever new types of corporate strategy with regard to choice 
of product and technology, marketing and pricing, and in
vestment allocation. Starting from their classical applications 
in the military and aerospace sectors, and in the data pro
cessing industry, microelectronic circuits are beginning to 
expand into ever new applications, and their rotential fox-
pervading into practically every sector of industrial nro-

32/duc'oion is tremendous. —  Conseouently, new types of economic 
and technological interlinkages have been emerging between 
the semiconductor industry and an increasing variety of 
industrial activities, rapidly transcending the confines 
of the classical electro-mechanical sector.

(a ) The emergence of a "Global Electronics S e c t o r " 1

But the really important point is that the introduction cf 
microelectronic circuits would lead to the emergence of a 
new type of growth industry, i.e. the global electronics 
complex centering around new information technologies (NIT).

Due to the considerable coat reductions for storing, processinc 
end consuníeating informations and to the nev scope for technological 
conversion, sectors vhich used to he disjointed,tend to be increasingly 
inter-linked. Overall, the trend seems to point towards an increasing 
monopolisation and world earkst orientation of the electronics sector.
The driving force are highly diversified electronic multinational
corporations aiming at increasing the degree of their vertical inte
gration on a global scale.



This transition towards an increasingly integrated electronics sector 
is a complex process, which does not preclude that for certain sectors at 
least, corporate strategy will lead to an increasingly vertical disintegration 
internal to the firm. In fact, the crucial development is the trend towards 
the conversion and homogenization of previously separate industries and 
their integration into a newly emerging electronics sector. This can take 
two forms:

- an increase of the vertical integration internal to 
the firm

- the emergence of new hierachical patterns of sectoral 
division of labour and subcontracting.

Finally, the importance of services in the electronic sector tends 
to increase. This vould apply particularly to those services vhich are 
linked to the design and manufacture of semiconductors, of information 
processing and communication systems, and of electronic devices dedicated 
to the consumer. Of crucial importance in this context is the vhole area 
of software design, engineering and maintenance.

No wonder then that these changes have been reflected in the 
structure of firms.

Historically, there have always been major differences between
the structure of US and non-American IG companies. According
to Mackintosh, in both Europe and Japan, the bulk of
the current IC capability resides within vertically integrated
and highly structured companies, whereas in the US - with
the exception of organizations such as IBM and Western Electric -
most of the IG capability, at least until a few years ago,
resided in companies in which the semiconductor activity is

33/a major part of its total industrial committment •

But these 3harp differences seem to become increasingly 
blurred and firms, irrespective of whether they originate 
from the components or the equipment sector, all seem to 
converge in their drive to complement their classical ad ivitl.es 
by means of vertical integration.



( V

In principle, three types of vertical integration centering 
around microelectronic devices can be discerned:

- attempts of semiconductor manufacturers to integrate forward;

- attempts of producers of systems and final products 
to integrate backward;

- and attempts by outsiders to penetrare semiconductor pro
duction.

During the 1970s, all three types of vertical integration 
took place. Forward integration for instance, starting from 
the pioneering moves of Texas Instruments in 1972 into 
pocket calculator and watches, at one stage or another 
involved practically all the leading US merchant semicon
ductor firms and, in addition to consumption-oriented final 
products, tends to include now increasingly moves into in
formation subsystems (high capacity memories, OEM micro com
puters and microprocessor development systems), data 
acquisition systems and industrial electronic equipment.

Backward integration on the other hand always used to be 
the guiding principle for the highly integrated electronic 
conglomerates of Western Europe and Japan. In addition, 
leading US mainframe and mini-computer firms, and also tele
communications companies are increasingly usin, backward 
integration as a means to secure sufficient in-house capacities 
for designing and, if necessary, for producing semiconductors, 
particularly specific devices and microprocessors.

Finally, the number of industry-outsiders trying to get in
volved in the semiconductor business has significantly increased,with 
General Electric, Exxon Enterprises, ochlunberger and Saint Gobain 
being only the most prominent cases — ^.

'.vrei of vertical integration
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taken place but whether it is going to be a viable approach 
and if so what effects it will have on market structure and 
consequently on future patterns of innovation and international 
restructuring in this industry.

( c- ) A  v i a b l e  a p p r o a c h ?

Concerning the first question, we have to differentiate 
between forward and backward integration. With regard to 
forward integration, the first "euphoria" of the early 1970s 
has rapidly faded away, as practically all attempts to inte
grate forward into consumer-oriented end products, with the 
exception of pocket calculators,have turned out to be commercial 
failures. In fact, even Texas Instruments which seem to have 
been the only company with a successful integration policy
into electronic watches, recently began to phase out this

35 /activity. —

This experience in fact would seem to back up the socailed 
"Mackintosh General Theory of Vertical Disintegration".^-^ 
Mackintosh in fact is very outspoken: "...it is my view that 
the vogue for vertical integration is an irrelevant diversion 
in the long-term development of the electronics industry..
We live in an age of specialization, and it has for a long 
time been difficult to accept that IC companies can sell 
watches, for example, better than the established specialists, 
or that the mini-computer companies, as another example, 
will succeed in establishing and maintaining a cost-effective 
semiconductor capability over the long term. ...I believe 
that of all the vertical integration activities - upwards 
and downwards - now going on in many parts of the world,

3 7 /only a few will turn out to be successful in the long terra ." — -

This statement is probably sound - a3 far as it goes. But it 
does not go far enough - because seating that only a few 
firms will be able to survive strategies of forward and 
backward integration is hardly more than a truism. In fact, 
the real issue would be to identify, ir: an operational 
manner, the 3cope for different types of firms to proceed
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wita such strategies or, for that matter, to switch to a 
strategy of vertical disintegration.

Only then would we be able to answer the most intriguing 
question of all: Is the semiconductor industry today 
experiencing just the beginnings of a new round of com
petitive battles, aiming at the control of strategic market 
segments of the electronics industry, but this tame with huge, 
highly diversified and highly internationalized conglomerates 
as the main and most powerful driving forces?

5 • 7 .?. T h e  Recint H a v e  o f  A c q u i s i t i o n s  a n d  M e r g e r s  i n  t h e  U . S .

Worldwide, the semiconductor industry is undergoing a process 
of violent restructuring and the major driving force seems 
to be an acceleration of vertical integration, particularly 
since the second half of the 1970s.

Huge, highly diversified firms have always been the dominant 
actors in the Japanese and the West European semiconductor 
industry. Their dominance is bound to increase even further 
as a result of the recent, upsurge in both areas of government- 
backed programmes to develop IC design and production capacities.

In the US industry, on the other hand, vertical integration 
used to oe low and independent semiconductor merchant firms 
clearly were the main actors. According to a recent study 
by the US Department of Commerce, by 1972 there were 96 
US companies producing semiconductors and at least 217 more 
producing semiconductor parts. Mora than half of the former 
were specialized semiconductor houses; 37 were branches of 
"conglomerates”; and 9 were captive producers- Of the top 
9 merchant suppliers of integrated circuits in 1975 only 3
were diversified electronics firms. 39/
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Today« a wave of* investments and acquisitions has tied virtually 
all independent semiconductor makers to major equipment com
panies. Table 5-3- shows that since 1975 at least 23 importanti*o /acquisitions have taken place.—  According to Dataquest 
Inc.« out of 36 semiconductor startups since 1966, only 7 
remained independent today.—  ̂ Of the top 9 merchant semi
conductor firms in 1975» today 5 belong to vertically inte-

k21grated conglomerates- —



-ab. 5.^.K«.ior Investments «nd Acouiaition Moves in the l’.S. 
Semiconductor Industry

Coaoany J2lll_____ Investor or Aoauirer Ma^or Activities 
of Acauirer Tot^l Sum In-

Advanced Klcro Devices 1977 Siamene (Weat Germany) Semiconductor, telecommunication*. computer 20American Microsystems 1977 Robert 3oach (Weat Geraany) Automobile equipment A O C.Borg Warner (US) 1? ^Analog Devices 1977 Standard Oil of Indiana (US) Oil exploitation 20Electronic Array* Nippon Eleotrlo (Japan)
Fairchild Camera 1979 Schlumberger (Motherland* Antillen) 100Iaac a, Inc. National Enterprise Board (Britain)
Interdeaign Ferranti (Britain)
In t a rail 1977 Northern Telecom (Canada) Telecommunication* 24
Litronlx Siamana (Weat Oaraany)
Micropower Systems Seiko (Japan)
Monolithic Memoriae Northern Telecom (Canada)
MCk3 Technology Coaaodore International (US)
Moetek 1979 United leohnologiea (US) Diversified, but mainly aeroapace 100 ’49
Precision Honolithica Bouma kUS)
San tech Signal Companie* (US)
Siguetic* 1975. Philip* (Netherlands) 100 49
Siliconix Electronic Engineer* of California (Ul) Automobile equipment 24

Lucaa Induatrlea (Britain)
Solid State Scientific TOO Adolr Schindling (Weat Germany) Automobile equipment 25
Scectronica Honeywell (US)
Synertek Honaywall (US)
lb itrode SsULaaberger (Netherlanda Antillen)
Western Digital Em*reon Electric (US)
Zllog Exxon (US)

Scuro*■! Korean Stani*/ Electronic* Lattar, Haoklntoab Consultant*, 
World Bualneaa Weekly, quoted from: Deutseh-Amerlkaniache 
Handelskammer: amerika handal (New York/Chicago), No. 2, 
Karch/April 1980? Truel, 1980a, P. Ï8S; Sierra], 1981, p. 5



But these accelerating take-overs through Big Business are 
¿just one aspect of this move towards an increasing vertical 
integration. Huge firms, increasingly relying on complex inte
grated circuits,have in fact additional options to increase 
their control over the design and manufacturing of semicon
ductors. Many equipment companies unable or unwilling to 
pull off such acquisitions have made for instance substantial 
investments in their own internal semiconductor operations.
This increasing role of captive IC producers is reflected ’ 1 
a pro;jection of John D. Shea, a consultant for Integrated 
Circuit Engineering Corp., according to which at least one 
third of the complex in ¿grated circuits produced in the

u ̂ /mid-1980s will be built or designed by users not suppliers- —

Add to this the growing concentration of the users' side 
which means that a few big customers are in fact dominating 
the market. According to Daniel L. Klesken,an analyst at 
Dataquest, the number of companies using more than % 100 million 
worth of semiconductors annually has ¿jumped from one to seven 
in the last three years and will hit 17 in 1981. "By 1985," 
Klesken predicts, "30# of merchant production will be con-liU/sumed by about 30 maijor users. " —

5-2.3- T h e  E m e r g e n c e  o f  H e w  r.tart-iip C o m p a n i e s  - D o e s  It 

I n d i c a t e  a R e v e r s a l  o f  C o n s o l i d a t i o n  T r e n d s ?

During the 1972a,the semiconductor industry clearly has been 
characterized by an increasing concentration of control o,fer strategic assets 
and by a transition to more consolidated patterns cf oligopolistic competition. 
Thia has been primarily due to the acquisition of independent semiconductor 
houses by multinational electronics firms and conglomeiates. The semicon
ductor business, and in general the electronics sector, finally 
seemed to be reaching the status of a "mature" industry.

Yet, recent changes in the status of the semiconductor 
business seem, at first glance st least, to contradict this 
type of an analysis and indicate that a reversal of prevailing 
consolidation trends might be possible.
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One factor of particular importance is the emerging custom chip 
!+5/ . . . .bottleneck —  and the impact it is going to have on innovation 

and corporate strategy.

Daring 1 9 8 0 , as many as five firms have entered the U.S. s e m i 
conductor business. All of the new start-up companies plan to attack 
a market ihat has been virtually ignored by the established semiconductor 
firms - the custom circuits business. Until very recently, the name 
of the game in semiconductors has been standard parts - i.e. logic and 
memory devices that can be built and sold by the millions in order to 
drive down the price. According to J. Perkins of the venture capitalist 
firms Kleiner, Perkins, Claufield and Byers, "the commodities side of 
the business is huge and well established, but the custom needs have

U6 /not been m e t ." --

This is not to say that major semiconductor houses are absent from
this market. Companies like Fairchild, Fujitsu, Motorola, American
Microsystems (AMI), and Signetics have been major forces in the custom 

1*7/chip market. —  But up till now established producers viewed the custom 
business as bad business and consequently tended to down-play the 
importance of this market. Their main focus was on producing high 
performance arrays designed specifically to meet the needs of computer 
manufacturers who were willing to pay very high prices for these devices. 
But no attempts were made to expand the markets for these types of 
application - oriented chips.

However, the introduction of tne gate array technology and the 
consequent possibility to produce semi-customized chips chould change 
all that. It could lead in fact to some significant changes in the 
patterns of division of labour prevailing between firms involved in 
semiconductor manufacturing. It increases in fact, the scope for the 
emergence of small, highly specialized firms and of new types of 
subcontracting arrangements.

Take for instance the case of Micro Circuit Engineering (MCE) 
at Tewkesbury, Gloucestershire, a new subsidiary of Smiths Industries.
To establish it will cost rougnly fe 1.5 million and it will need 
no more than 50 employees. Yet it will produce very sophisticated 
uncommitted logic arrays (U L A s ) to compete with such major companies 
as Fe'-ranti, GEC, Plessey, Racal, General Instrument, Texas Instruments, 
Motorola, Fujitsu, Thompson CSF and Siemens.



The crucial point is that MCE will not process silicon- Instead, 
all the investment is being made at the two ends of the pro
duction process: the design uf circuits and masks and the 
dicing, testing and packaging.

Semiconductor processing is carried out under contract by a 
number of semiconductor majors for MCE so that devices can be 
supplied in CMOS bipolar and I-squared-L technologies. ‘These 
companies process only the wafers - all the testing is carried 
out by MCE.

MCE itself holds stocks of standard silicon wafers on to which 
the basic components have been processed. Circuits and masks a re 
designed at customers' sites and at MCE. When a completed circuit 
layout is received the wafers can then be committed to the 
customer's requirements via CAD techniques, by etching off rn 
overall metal layer to leave the required interconnections.

Whether or not this approach will be a viable one remains to be 
seen. An important constraint could be the very high cost of 
equipment and the need to write it off at a ^ery short period. 
According to Ian Pearson, chief manager,MCE will "...have to 
achieve a 30# return on funds used in order to generate the 
necessary cash for re-investment in new production equipment 
which, due to innovation, has to be written off every three 
years. —‘'

With increasingly rising equipment costs and the highly cyclical 
nature of demand for semiconductors including ULAs it would 
seem safe to assume that it will be extremely difficult to 
sustain such high profit rates for any lengthy period. Sooner 
or later then one would expect that major films will have to 
be involved to consolidate this very shaky position.

In addition, it remains to be seen whether gate array technologie 
will flourish a3 much in the US as they seem to do in the UK 
- after all,their main advantage has been to allow the relatively 
small markets in the UK to be tackled economically.



q.2.t. Acquisitions ana Concentration - the Fate of Firing 
Producing Semiconductor E q u i p m e n t ?

Acquisitions and concentration moves are not restricted to 
the semiconductor industry, but are bound to spill over 
into some complementary industries. A case in point would
be recent developments in the semiconductor equipment
, . '±9/business. —

(a ) The semiconductor e q u i p m e n t business - growth potential 
and structural change

On Wall Street and in the board-rooms of acquisition-minded 
companies, the semiconductor equipment business is beginning 
to be recognized as an even more attractive growth opportunity 
than some of its chip-making customers. B u s i n e s s  W e e k ~  
for instance „talks of "hotiiirospects 
fer a fast-growth industry."

Table shows the world market for semiconductor production and 
test equipment in 1979. It can be seen that wafer processing 
equipment by far dominates this market, followed by test systems. 
Assembly equipment on the other hand still had a relatively low 
share, i.e. 13$. The degree of concentration prevailing today 
in this market segment is considerable, but not excessive: 
nearly 55# for the top ten firms, and more than 20# for the 
first two.



Tat «5- U . Worldmarket for Semiconductor Production and. Test
Equipment - Salesi1 and Types of Equipment, 1979

Marke o Cumulated ma
Equipment sales (^million) shares (#) ket shares®)

Fairchild 1ÏT75 10,5
Perkin-Elmer 101.2 9.6 20,1
Applied Materials 54.1 5,1 25,2
GCA 54-.1 5,1 30,3Teradyne 53.4- 5,0 35,3Varian 50.8 4-,8 40,1

4-3,8Tektronix 
Eaton (Cutler-

39.2 3,7
Hammer) 37.7 3,6 47,4
Kulicke&Soffg 37.0 3,5 50,9
Balzers 33.7 3,2 54,1
subtotal 572.6 54,1
others 480.3 4-5,9
total 1,052.9 100,0

(2) Types of Equipment
Sales (B mil .) Sales of total (%)

Waferprocessing equipment 515,9 49
Test Systems 400,1 38
Assembly 136,9 13
Total 1,052.9 é100

(1) Does not include captive sales of equipment

Source: Global Electronics Information Newsletter, No. 4, 
September-October, -1980, p. 7

Tab.5.5and fig.53.document that the expansion of the markets 
for semiconductor equipment has beer, ti-uly dramatic and that 
it is expected to accelerate even further. Yet, till the mid- 
1980s at least this expansion would be mair.iy restricted to 
processing and testing equipment, whereas the growth potential 
for assembling equipment would seem to be considerable lower.
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Tab.5-5- Shies of Semiconductor Equipment: 1975 -  1990 b illj7

1975' 0.3
1979 : 1.C
19801) : > 1.4
19902) : 10.000 1+ Wjh (chip sales in the same period 

rose by only 29#)

1}September 1980-'estimate by the OS based Semiconductor 
Equipment and Materials Institute, cited in Vail Street 
Journal. 3 October 1980

^Estimate by Villard L. Kauffman, Vice-President, Intel 
Corp , cited in "Semiconductor Takes on its Cira Glowc, 
Business Week. 1 December 1980

Source: "Semiconductor Takas on its Own Glow", Business Week, 1 
December I960, p. 98 L-E



(b ) The equipment short age and the dracatic increase in 
equipment cost

At least till 1932, the supply of semiconductor equipment 
will considerably fall short of demand. In such a situation, 
price is virtually secondary to obtaining delivery. In fact, 
according to Business Week "...the most expensive equipment
is typically sought after most, since it usally offers higher

" 51/productivity to ¿justify the price. —  Perkin-Elraer for in
stance has an 18-month waiting list for an 
aligner that costs $ 230,000.

projection mask

In other words,there is reason to believe that the equipment 
market will remain buoyant despite the general economic 
crisis because the chip makers have no choice but to invest 
now in order to maintain their present market shares. Further
more, the cost of highly sophisticated equipment which is 
already jumping phenomenally, will continue to grow. According 
to Glen R. M a d 1 a n d, chairman of Integrated Circuit Engi
neering Corn, "...large manufacturers have no choice - they 
must automate to cut human error and improve yields. Even 
smaller firms serving the custom-desigried-circuit market 
are moving to automation to enhance processing flexibility.
And no compan.T can afford not to offer the latest, most power
ful chips i. i l d  markets. Driven by such forces, the chip
making induitxy s rapidly approaching the point where it 
will take a dollar of invested capital to generate each 
additional dollar of sales. Equipment costs already represent 
10# of chip production expenses-" —
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(с ) Acquisition and concentration - trends and underlying 

caus e s

The result of the dramatic growth of semiconductor equipment 
sales will be no doubt a major restructuring of this sector in 
the "19808- a drive toward consolidation based on a spate of 
buyouts and mergers.

In other words, what happened previously to independent chip 
manufacturers, is taking place now in the semiconductor 
equipment ь ctor: a process of increasing concentration and 
a reshuffling of prevailin'* patterns of specialization,
conflict and cooperation, j._.tors behind this drive toward
increasing concentration include:

a) The growing financial problems resulting from scaring
i'+d costs. "As competition for qualified technical personnel 
heats up and as companies pour more and.more money into de
velopment costs .small, undercapitalized companies are 
finding it increasingly difficult and risky to go it 5 3/alone." (A. С. T о b e y, Marketing Director, GCA Cep.)—

b) The surge of captive chip producers requires new product 
and marketing strategies. Consuming about 30# of all 
fabrication equipment, this user group constitutes the 
fastest-growing market segment for semiconductor equipment. 
Furthermore, it constitutes a stable, financially strong 
outlet more immune to the economic cycles that affect 
merchant chip makers. To serve this changing market, the 
equipment builders are formulating new strategies and it
is already obvious that small independent firms will hardly 
be able to survive.

c) The prospect of growing competition from Japanese firms. 
According to Electronics there ere already signs



that U.S.-based producers of semiconductor production 
equipment are loosing their dominant position 

in the Japanese market. Consequently, a number of U.S. 
companies a^e setting up sales offices or manufacturing 
plants, wholly or jointly owned, in Japan. Kulicke and 
Soffa, for instance, established a Tokyo office to service 
its wire bonding equipment. TEE semiconductor has announced 
a joint venture with Tokyo Electron to manufacture wafer 
steppers and microlithographic equipment. Applied Materials 
is "opening regional sales and service centers and is 
planning a 3 4- million design center." And GCA and Perkin- 
Elmer already operate successful Japanese subsidiaries.

Tab. 5.6. documents recent acquisition moves by the top ten 
makers of semiconductor equipment. It shows that 6 out of 10 
firms undertook such acquisition moves and that 2 of them, 
General Signal and Eaton were especially active.

Tab.5.6. Acquisition Moves by the Ton Ten Makers of Semiconductor 
Equipment

Acquiring company (1979 sales)
Schlumberger 
(3 111 million)
Perkin-Elmer 
(3 I d  million)
Applied Materials 
(3 5* million)
GCA Corp.
(3 5* million)
Teradyne 
(3 53 million)
Varian Associates 
(3 51 million)
General Signal 
(3 46 million)

Tektronix 
(3 39 million)
Eaton
(3 38 million)

Kulicke & Soffa Industries 
(3 37 million)

Company acquired
l 1 Membrain (1978)1 1 Fairchild Test Systems (1979)

-llEtec (-19797
I I Ion Implantation ofI I Lintott Engineering (1980)

Extrion (1975)
Speciality Metala&Alloys (1978'
Tempress (1977) 
Tvnetics (1980; 
Electron Beam Micro

fabrication (1980) 
Kayex (1980)_________
Kasper Instruments (1978) 
Davis &. Wilder (1978)
Nova Associates (1980) 
Macrodata (1978)
Pacific Reliability (1978)

Source: "Semiconductor Equipment Takes on its Own Glow", Business Week. 1 December 1980, p. 98 N-E



5.3• Who Will Dominate the RecentElectronic; Complex?
Moves by Major Actors

5.3•1- Patterns of Technological Spin-Offs - Who Will Control 
Them and Benefit from T h e m ?

The introduction of microelectronics-related innovations i s 
bound to lead to a major structural reshuffling of established 
modes of industrial production. One immediate effect would 
be a restructuring within the electronics complex itself.

Industrial restructuring always bas important consequences 
for patterns of hierarchical control. In other words, intro
ducing new technology which causes major changes in the ways 
and means of producing industrial products will touch upon 
established power relations in industry. On the other hand, 
choice of technology and the speed of applying them also 
depends on which actors (coalition of actors) are dominant 
in the constitution of these new patterns of industrial pro
duction and are thus able to reap the major benefits from 
the new growth industries.

(a ) The "electronics complex"

On a first level, we will focus on the evolving new patterns 
of conflict and cooperation between major firms involved in 
the constitution of the electronics complex.

Fig. 5 . h . shows that three blocks
of actors are of interest:

- actors involved in the design and manufacture of electronic 
components, particularly semiconductors;

- actors involved in the design and manufacture of information 
processing and communicating systems ("telematics"), i.e. 
firms active in computers, office equipment and telecommuni
cations;

- actors active in the application of electronic devices and 
subsystems which include industrial, consumer and military 
applications .
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Let us first focus on interrelations between the first two 
groups of actors, that is basically semiconductor, computer 
and telecommunication firms. Which firms or coalition of 
firms are going to benefit most from the introduction of 
microelectronics-related innovations?

(b ) A typology of firms involved in the information processing 

sector

There are three types of firms involved:

- companies mainly active in the computer field and whose 
vertical integration in production is relatively high 
(for example IBM);

- companies coming from mechanical or electromechanical pro
duction sectors, f.i. office machinery or electrical equipment 
goods, and converting to electronic technology (for example 
Olivetti and Siemens);

- companies with a high degree of applicative specialization, 
mainly in software and service activities.

Obviously,for each type of firm, the impact of microelectronics-
related innovations will differ considerably.



rueduring in the(c ) C o n s e q u e n c e s  f o r  i n d u s t r i a l  r e s t  

i n f o r m a t i o n  p r o c e s s i n g  s e c t o r

Four types of consequences are of particular importance for
industrial restructuring in the information processing sector:

- First, a restructuring of firms with regard to size, organi
zational structure and strategy.(We will discuss this aspect 
in chapter 5.3.2.)

- Second, the emergence of new patterns oi specialization and 
thus of conflict and cooperation between firms. (We will 
discuss this aspect in (d) and (e))

Further, two additional consequences can he discerned:

- Third, barriers to access to technology might considerably 
change. For hardware technology for instance, particularly 
for microcomputer and equipment available on the OEM sub- 
markets, these barriers obviously have been weakened, whereas 
access to software, particularly to applications software,
to the design of new systems architecture and data handling 
networks has become increasingly restricted.

The implications for corporate strategy and structure are 
obvious: major information processing firms tend to 
turn their attention to systems applications, to the design 
of new architectures and data processing networks.

- Fourth, the emergence of new patterns of an international 
division of labour in information processing and telematics. 
New patterns of cooperation and conflict will rapidly emerge. 
On the one hand, more emphasis will be placed on agreements, 
mergers, joint ventures between component, information pro
cessing and telecommunication companies, on s worldwide 
scale. On the other hand, however, conflicts will intensify, 
and the increasing interventions of government procurement



markets and government agencies are already about to 
change the rules of the game. Take for instance the leading 
Japanese firms which, backed by MITI and based on their 
new technological capabilities derived from the government- 
promoted VLSI programme, — aim at concentrating an in
creasing share of world hardware production in their 
country.

( d ) S e m i  c o n d u c t o r  v e r s u s  s y s t e m  f i r m s :  t h e  c h a n g i n g  b a l a n c e

We have already seen that there is a bactle going on between 
some firms, primarily located in the US and Japan, and to 
a lesser degree in the FEG, the Netherlands, France and the 
Scandinavian countries, on who is going tc dominate the 
emerging global electronics sector. We have also seen that 
the outcome of this battle will depend srrongly on which 
firms are capable of controlling most of the technological 
spin-offs from microelectronics.

If we confront jn the one hand semiconductor firms and 
system firms, i.e. firms engaged in the computer and tele
communications business, on the other, which side is going
to survive and what new patterns of "cumulative hierarchical

5 7/control" —  are likely to emerge?

There are two opposing interpretations: On the one hand there, are tho 
who would claim that it will be the semiconductor firms 
who will beabletoreap most of the benefit; resulting both 
from technological spin-offs and new applications. This 
would be so basically because of the increasing integration 
of systems characteristics into microelectronic circuits 
which would increasingly transform them into electronic sub
systems and systems.



Take for instance the position of Truel- His basic hypo
thesis presented in a study published in January 1980 
was that a couple of major semiconductor firms, particularly 
those originate g from the US, will be able to reap most of 
the benefits resulting both from technological spin-offs 
and new applications. He points out correctly that the 
introduction of microelectronics-related innovations and 
the consequent constitution of an electronics complex has 
been characterized by two basic structural trends:

- Semiconductor and especially LSI circuits and microprocessors 
are not anymore just electronic inputs, but are about to 
become subsystems and systems on their own.

- Technological spin-offs are becoming much more imp'rtant 
for the interaction between the various sections of the 
global electronics sector than exchange relations.

It is the first point which we would like tc illustrate more 
in detail because of its potential for throwing upside down 
some of the basic structural relations prevailing today in 
the information process sector. Take for instance the de
velopment of a socalled "micromainframe" by Intel Corp. This 
development of a "micromainframe", i.e. a 32 bit processor 
called Intel 4-32 is an essential element of Intel's strategy. ' 
Intel claims that this micromainframe
could cover applications which are at present the exclusive 
realm of medium-sized mainframe computers.

According to industry observers,micromainframes, because of 
higher reliability and much lower costs, might be in a good 
position to increasingly substitute for conventional 
mainframes. This would mean that component firms could reap 
a significant part of the benefits to be expected from the 
booming informatics market.

5 O /
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Intel managers purport in fact that the new 32-bit micropro
cessor is so powerful that it could become the "brains" 
for such currently unavailable products as office workstations 
that can 'understand' human speech, and industrial robots 
that 'recognize' the parts on an assembly line. Leslie L.
Vadast, senior vice-president at Intel, expects new appli
cations to emerge rapidly ("At least half of the applications 
that will exist in 5 or 10 years, we can't even imagine today") 
and that new companies, and even new industries, will spring 
up to build new end products using these superchips. —

Whether or not these high expectations will materialize,
depends of course on the effective costs cf using these 

micromainframes. Intel quotes the price for the Intel 4-32/100 
as % 3-900.— 'Uiiswould cover hardware, software and documentation. 
Yet, this price is based on the assumption that the Intel strategy 
of reducing the most important cost element, i.e. software costs, 
will work. The Intel approach consists of 2 elements:
- the- use of the high-level programme language Ada which allows 

for modular planning;
- ¿he integration of software elements into the chip structure,¿To /by designing socalled object-oriented structures.—

It remains of course to be seen whether Intel's optimistic 
assumptions can be realized. In any case, the micromainframes 
would have 2 additional comparative advantages:
- users could increase their computing capacity without having 

to change software;
- the reliability would be significantly improved through the 

use of a tandem structure.— ^

However important this transformation of chips into micro
electronic subsystems and systems might be, it is an altogether 
different point to conclude, as Truel does, that due to these 
structural changes induced by microelectronics-related inno-



varions.
winners' side.

лг» fb<

However plausible this conclusion might have seemed to be, 
reality dia not follow this course and has in fact vigorously 
falsified Truel's prediction. It -turned out in fact that 
the game is much more complex and that actors and firms 
which had a relatively low profile during the first years 
of the semiconductor industry, are about to incuasingly 
penetrate this sector through backward integration and thus 
to acquire strategic control. We have shown that this would 
apply for instance to established highly diversified multi
nationals 1’ke General Electric or Exxon Enterprises, but also 
to relatively small multinational firms specialized in 
extre aly profitable market niches, like Schlumberger which 
is mainly active in the oil exp],oration services. Further, 
we have also seen that, at least in the U.S., there has 
been a growing influence of "Big" Venture Capital and of 
industrial manufacturing systems firms.

(e ) - Towards radical structural changes of firms engaged 
in • information processing

According to Lamborghini and Antonelli, two factors impose 
radical structural changes on firms engaged in information 
processing:

First, the dramatically increasing risk in r+d and product 
planning.

The risk of failure is high, because firms in designing 
new systems had to forecast the future availability of new 
micro-circuits which could then be integrated into the 
systems. With the growing degree of integration and com
plexity of micro-circuits, this unpredictability is even 
further increasing. The same applies even more so with 
regard to forecasting of the availability dates of soft
ware.



The strategic consequence is obvious: System s and equipment 
manufacturers tend to make use of several supply sources 
for micro -circuits and software to reduce the risks of a 
delay in availibility. This would apply even to the large 
companies with huge in-house capacities.

A second factor imposing the multio3 e external supply 
sources approach results from the still prevailing destabi
lization of the oligopolistic structure. In other words, 
cut-throat competition and insufficient control over the 
introduction of new product and process technology requires 
that firms adjust significantly their size, structure and 
strategy.

Besides the raultinle external supply sources approach, 
Lamborghini expects tha following trends in corporate 
restructuring to emerge:

- A relative decline of manufacturing activities, and a 
relative increase and redefinition of гч-d, marketing, 
selling and customer engineering.

- A trend towards splitting up of
existing highly integrated firms into three types of 

independent or at least only loosely interrelated firms: 
specialized component manufacturers, component assemblers, 
and -roppliers of services, i.e. software, applicable 
solutions,and technical assistance and maintenance.

- A significant reduction of vertical integration internal 
to the firm and the emergence of new patterns of plant 
external sourcing or subcontracting. —



This scenario would seem to be a good description for strategies 
applied by medium-sized multinationals, particularly those 
coming out of the office machinery sector, such as Olivetci.
(3ee chapter 5.3.3.;. But the dominant trend clearly leads in 
an opposite direction, i.e. towards increasing vertical inte
gration, based on an increasing penetration of established 
multinationals both from within and from outside of the 
electronics sector into information processing and telematics.



5 . 3 • ̂  ♦ T h e  New Ecunuiucj u f Cum;julcx B U x l u i u ^  ~ It ij I m p I  i C a t  x O n S  

for Corporate Strategy and Structure

The economics of building computers are undergoing a radical 
change: from a custom-built, one-at-a-time product the com
puter has evolved in recent years to a high-volume, mass- 
produced commodity. —

(a) Rising capital requirements - towards a "capital c r u n c h " ?

As a result, capital requirements of computer manufacturers 
have been increasing at a very high speedi This applies 
both for investment into the automation and streamlining 
of manufacturing operations, soaring r+d costs and the 
increasing amounts of capital needed for financing the 
expansion of field service operations and opening new 
channels of sales distribution.

So far, most computer companies have not had much trouble 
raising the money. Thqjr have avoided high-priced borrowing 
by taking advantage of their rapidly growing cash flows 
and a robust equity market still attracted by high-technology 
stocks.

3ut this might rapidly change. Business Week, for 
instance, in March 1981,—  ̂ was
already speaking of a "capital crunch" that could spell 
desaster, at least for some of the smaller companies. In fpct, com
puter firms are experiencing a heavy profit squeeze. Despite soaring 
industry sales, the failing price of equipment has eroded 
profit margins. For example, Sperry Corp.'s Sperry Univac 
Div. will ship 40,000 computer terminals during 1981, but 
these products will bring in only about the same revenue 
as the 25,000 units that it turned cut 1980. This kind of profit 

squeeze is compounded by rising competition from the pro
duction-efficient Japanese companies and by the auickening 
technological pace of the industry itself. Product life cycles 
are becoming compressed, forcing manufacturers to develop and 
apply new technology at an accelerating rate.
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(b ) The new focus on low-cost production

What are the implications for corporate strategy? According 
to industrial analysts, computer firms have little choice 
other than to reduce capital requirements.

3ut where to start and how to avoid forgoing growth poten
tial and competitive strength?

A review of electronics trade 
journals and of specialized literature and informal dis
cussions with industrial analysts and managers shows: the 
driving force now in computer industry is the lowering of 
production costs. This implies that capital investment to 
automate manufacturing is perceived to be a more critical 
determinant of future success than investment to develop 
new technology. According Glen Haley, Vice President for 
Worldwide Marketing, Sperry Onivac: "... those companies 
that can design, fabricate, and assemble machines most 
economically will have an edge over companies that concen
trate on r+d " i —  The
underlying logic is succinctly stated by Thomas A. Vanderslice, 
President of General Telephone + Electronics Corp., Stamford, 
Conn.: "The r+d portion of a product development may account 
for only of the costs needed to bring that product to 
market. Therefore any reasonable manager.has to have some 
assurance that the other 90# needed for plant and capital 
equipment is going to be there at the conclusion of develop
ment. Some firms are being forced to drop worthwile r+d 
plan« not because they cannot afford them, but because 
they cannot afford to capitali ze on them • — ^

Table 5 • 7 • indicates to what degree US computer manufacturers 
have increased spending on productivity improvement. According 
to Ulric Weil, industry analyst with Morgan Stanley + Co., 
the leading computer makers are "...tooling up like the 
auto companies to run true . assemblT lines that automate 
production, testing and materials handling."

This applies also to traditional minicomputer firms. DEC for
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this year to fj 400 million, ^hile much of this will go for 
expar^-'ig production capacities, the new manufacturing 
facilities will be equipped with automated tost facilities.

Tab.5-7- Computer Manufacturers' Increased Spending on 
Plant Automation

1978__________ 1980
(1) IBM: annual investment spending 

on plant automation (million 0; 1300 2250
(2) Burroughs Corp.:annual investment 

spending on plant automation 
(million g) 110 225

(3) Data General Corn.:
- 75# of capital spending for manufacturing now goes into plant automation
- Spending for automated test equipment has leaped 500# 

between ‘1978 and 1980

Source: Figures are taken from: "Computers. A Capite 1 Crunch 
that Could Change an Industry", Business Week. 23 March 1981. -------------

( c ) A further push towards backward ' n tegration?

The focus on low-cost production is by no means an exclusive 
concern for computer manufacturers. As we have shown elsewhere, 
semiconductor manufacturing is undergoing a similar trans
formation in its production economics. The increasing mutual 
integration of semiconductor and computer manufacturing adds 
further to the spread of low-cost production-oriented invest
ment strategies. In fact, the backward integration of com
puter manufacturers will probably receive an additional 
push from this increasing focus on low-cost production.
NEC for instance announced in February 1981 that it will 
spend jS 15 million over the next four years to increase its 
in-house semiconductor capacity from 40# of its requirements 
to 6095. The reasons are obvious: "Companies like ours will 
have to integrate backwards (selectively) to get costs down 
and improve reliability __".12/



Tuis trvü¿ towardo íñcrvaaing captive production capacities 
relates particularly to conplex, cnstou logic chips. These 
are the building blocks around which computers are increa
singly designed, and an inadequate supply or poor quality 
could bring computer production to a grinding halt because 
there is often no second source for the product. In other 
words, the new economics of computer building has in
creased the computer industry's reliance on custom semi
conductor circuity. But custom devices are not as rapidly 
available as standard commodity chips. It is this increased 
need for custom circuits which has probably boen the major 
driving force behind backward integration moves à la NEC.
Witness the following statement by William F. Buster, senior- 
vicepresident of enigineering and manufacturing, BBC : "We 
sea specific areas for cost and function improvement that’s 
driving most large companies into building their own micro
circuits.

Overall, the increasing focus on low-cost production will- 
lead to an acceleration of the concentration trends, prevailing 
in the computer industry, but also i:¿ the semiconductor industry. 
This is not to say that there will be no scope for new entrants. 
In fact, with ready venture capital available, scores of new 
startups - companies such as Apollo Computer Inc. and Stratos 
Computer Inc. - have sprung up to built computers using newly 
developed technology.

3ut it seems highly improbable th^t any of these newcomers 
will ever become a full-line computer company.

In fact, given the new convergence of information processing 
and telecommunications, I would expect that integrated manu
facturing of information processing and communications 
systems will be dominated by only a handful of firms. This 
is due inter alia to the high cost of productivity-improving 
investment and the increasing importance of low-cost pro
ducers vis-â-vis small or medium-sized "innovation maniacs" 
firms.
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In order to illustrate some of the aforementioned interactions 
between recent technological breakthroughs and corporate 
strategy,.let us take up the case of one specific firm, i.e. 
Olivetti.

Carlo De Benedetti, Vice President of Olivetti.and the 
driving force behind its new management doctrine, is not 
only fulfilling public relations obligations when he under
lines the "model character" of Olivetti's restructuring 
strategy. "Things have changed dramatically for Italian 
industry in the past two years and I think Olivetti has 
been responsable for that change. —  De Benedetti further 
claims that the "success" of Olivetti during the last 
three years is inducing now other major Italian companies 
to test out this approach.

(a ) Indicators of success

Viewed by conventional criteria, Olivetti's strategy can 
indeed claim some success: group profits have been nearly 
trebling within a year to more than L 100 billion (■# 89) 
in 1980 which corresponds to nearly 4.6# of global sales 
worth L 2183 billion. The parent company Ing C. Olivetti 
and C., doubled its profits from L 23»S billion in 1979 
to L 50.1 billion. Dividends which have nor been paid from 
1974 till 1978, increased from L 100 per share in 1979 to 
L 140 per share in 1980.

No doubt, profitability has been regained - for the time 
being at least.

This has to be contrasted with the company's situation three years
earlier, i.e. in 1979- According to De Benedetti, the company wa

then ineffectively managed, under-capitalized, burdened down with 
debts to the extent that 10# of sales revenue went to pay 
interest, over-manned and suffering from low productivity.
But it did have a strong technological base.

De Benedetti claims that, in addition to regaining profitability, 
Olivetti's nev» strategy was able to lay the foundation for
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long-term growth and viable international competitiveness.

(b ) The Olivetti strategy

Four basic elements can be discerned:

1) Broadening the base for capital formation through raising 
new capital on the stock exchange.

The nominal capital of the holding company went up from 
L 60 billion to £ 100 billion with De Benedetti's arrival 
in 1978 and was further increased in 1979 and 1980. It 
now stands at L 208.7 billion.

An additional increase is planned which will take the nominal 
share capital up to nearly L 233 billion and bring it in 
a total of L 180 billion new funds, partly through a con- 
vertable bond issue.

2) Reinstating sound financial management, particularly through 
a reduction and restructuring of debt.

Over-all debts which stood at L 939 billion in 1978, have 
steadily declined to L 761.4 billion at the end of 1979, 
and there has been an important shift in its structure, 
away from short-term to medium and long-term.

3) A massive reduction of the labour force, combined with very 
aggressive policies to compress labour costs and increase 
labour productivity.

Olivetti's labour force in Italy has been cut by roughly
5,000 through early retirement and that of the group world
wide by 13,000 to 53,000. Productivity improvement has been 
considerable: output per man has risen from L 20 million in 
1978 to L 40 million 1980 and De Benedetti claims that 
much more will be achieved during the near future.
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4-) A more selective and aggressive policy on choice of product, 

innovation and marketing.

Product-wise, the three main pillars of Olivetti's business 
are banking terminals, business computers, and electronic 
type writers. In 1980, data processing systems accounted 
for 53# of sales, against 4-7# of business machines. But 
the electronic type writers include so much software that 
the distinction is barely valid anymore.

De Benedetti claims that the markets for these three pro
duct groups will continue to boom because they will not 
be affected by the crisis. "The recession ... forces com
panies to cut their costs and raise white colour productivity, 
which automation can do for them. Any of these products can
pay for itself in a year." — I-' Latest figures for the
first quarter of 1981, when sales went up by almost 
2 0 % ,  seem to back up this statement. Consequently, a 

great part of Olivetti's innovative capacities are 
geared to these three product groups.

In the future, Olivetti intends to penetrate into two other 
potential high-growth markets, i.e. telecommunications and 
consumer products. In Italy, it expects to profit from a 
planned restructuring of the telecommunications sector 
through establishing close alliances with IRI-STET and 
SGS—Ates*  Furthermore, Olivetti hones that its recently

established relationship with the French conglomerate 
Saint Gobain will give it access to the strong French 
market for office and telecommunications automation equipment 
(the socalled "bureaumatics" and "telematics") in which 
Saint Gobain is involved through its 20# holding in the 
CII Honeywell-Bull group.

Yet, particularly with regard to telecommunications, industry



- 203

analysts remain sceptical and point out that intentions 
and reality still seeu to diverge considerably.

(c ) Lessons to be drawn

How do these various elements interrelate, what is unique 
about tne Olivetti strategy and particularly how is control 
over innovation interlinked with the other elements of this 
type of restructuring strategy?

I think that the first lesson to be drawn is that applying 
technology, or more precisely capitalizing cn it, requires 
a sufficiently strong capital base. This is so because 
applying technology to industrial products and processes 
requires a lot of investment capital and involves very high 
risks. In-house availability of a broad spectrum of innovations 
is a factor of some importance - but is definitely not enough.

To transform these innovations into profitable assets is a 
complex and very costly process. This starts with the need 
to engineer the original design concept into feasable pro
duction standards and flow diagrams, the definition of quan
titative and qualitative personnel requirements,and the 
development-of spare part and maintenance manuals. But this 
is only part of the story. Take into account the considerable 
outlays needed for reducing costs of production through pro
ductivity improvement and for increasing the flexibility of 
machines and equipment to react towards feedback information 
considering markets and performance. Add further the outlays 
for marketing and distribution logistics, which due to the 
increasing internationalization of markets and production 
tend to increase considerably. All of this indicates that 
r+d costs needed to develop innovation, which are substantial 
on their own , are only the tip of the iceberg, i.e. of the 
capital assets needed to transform an innovation into profits.

In the case of Olivetti, the implications are obvious: a large 
infusion of capital has completely changed the structure of 
ownership and control. Today one-third of shares that make up



the syndicate of control are hold by rhe French company Saint 
Gobain, end the remaining two-thirds are bold by CIR,De 
Benedetti's own holding company and a consortium of major 
Italian companies.

The second lesson to be drawn is that applying innovation 
to restructuring in the way it is done at Olivetti nas a 
considerable social cost. In addition, the burden of this 
social cost is very unevenly distributed and hardly taken 
into account in the original decision-making. Job displace
ment, deskilling and reducing social security standards 
might be politically fear able for a certain period. Yet, there are 
trade-offs involved which tend to be neglected, but might 
be of considerable importance: the potential negative impact 
on labour motivation and labour productivity within firms 
and the weakening of the socallea "social consensus".
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6. I m p l i c a t i o n s  f o r  t h e  I n t e r n a t i o n a l  R e s t r u c t u r i n g  o f  S e m i 
c o n d u c t o r  M a n u f a c t u r i n g  a n d  f o r  G l o b a l  P a t t e r n s  o f  T e c h n o 
l o g i c a l  D o m i n a n c e  a n d  D e p e n d e n c e

6 . 1 .  C r i s i s ,  I n n o v a t i o n  a n d  I n t e r n a t i o n a l  R e s t r u c t u r i n g  o f  
I n d u s t r y  - t h e  K e y  Q u e s t i o n s  o f  t h i s  S t u d y

We have gone a long way to identify some of the basic inter
relations between the economic crisis, innovation and inter
nacional restructuring characteristic to the semiconductor 
industry. We have shown to what degree this industry has 
been prone to cyclical fluctuations and unable to resist 
the economic crisis. In addition, we have outlined 
how innovation influenced corporate strategy and structure 
and in turn was conditioned by then. We have analysed the 
consequent changes in the economics of semiconductor manu
facturing and how this has modified the structure of the 
industry. In particular, we have discussed changes in the 
market structure, the emergence of new patterns of conflict 
and cooperation between major firms involved, and the new 
modes of integrating this industry into the overall electronic 
sector.

Based on this analysis, we are now going to discuss in detail 
some recent changes in international location patterns and will 
show that innovation has been an important but by mo means 
an exclusive factor. In order to identify the specific impact 
which the application of microelectronic devices to industrial 
products and processes is going to have, we have focussed 
our analysis on three basic questions;

- Our first question deals with the interaction between inno
vation, comparative advantage and changes in international 
location patterns. Due to the proliferation of microelectro
nics, are we to expect or are we already experiencing an 
erosion of existing patterns of comparative advantage in 
developing countries, particularly in some sccalled Newly



Indusferializing Countries (NICs), and is there evidence 
of a consequent relocation of industrial activities back 
to the classical growth areas of the OECD? In other words, 
will the application of microelectronic devices to industrial 
products and processes act as an important structural con
straint to a world market-oriented industrialization of 
developing countries, thus increasing further the already 
considerable obstacles to this "industrialization scenario" 
piled up by the vigorous neo-protectionism applied in 
practically all major OECD countries?

In trying to answer this question we are again focussing 
on one specific sector, i.e. semiconductor manufacturing 
and particularly chip assembly, this choice has been de
liberate - chip assembly after all since the mid-1960s has 
been expected to play a prominent role in implementing 
the doctrine of export-oriented industrialization.

Our second question relates to the role technology is 
going to play in this process of restructuring semiconductor 
manufacturing on a global scale. In particular, ve will
ask what factors did prevent semiconductor firms from im
plementing radical strategies which, based on an extensive 
automation, would strive to bring home practically all 
stages of production and to subordinate them under a 
highly centralized control? In addition, we will ask to 
what degree prevailing theories of international restruc
turing of industry are capable of answering this question 
and thus could be used as guidelines for policy prescriptions.

Finally, this second question is meant to underline the 
need for a fresh theoretical approach which could help 
to bring more light into the complex and dynamic interplay 
of factors conditioning international location decisions 
in industry.

Our third question then concerns the options available to
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developing countries to proceed from worldmerket-oriented 
chip assembly to integrated semiconductor design and manu
facturing. There are two main concerns: First, is it realistic 
to expect that production activities of an increasingly 
complex technological nature will be transferred to 
industrial sites of the Third World, particularly to some 
industrial growth poles in NICs and some OPEC countries?
And second, assuming that at least for some countries this 
would be a realistic perspective, what then would be the 
impact on the inter-industrial integration and the innovative 
capacities of these countries and their international compe
titiveness?

All of these three basic questions are linked together by 
one common denominator. The overriding concern of this study 
is how innovation in a period of crisis a f f e c t s  g l o b a l  p a t t e r n s  

of control over international trade and over strategic assets needed 
for developing and producing industrial products and service8, 
particularly technology and capital? What impact are we 
to expect on the capacity of major actors in the inter
national restructuring of this industry to push through 
their strategies? And, finally, what ere the implications 
for developing countries trying to implement strategies of 
transition to more self-reliant patterns of industrialisation?

Overall, a v a i l a b l e  e v i d e n c e  p o i n t s  t o  a f u r t h e r  h i e r a r e h i z a t i o n  

of North-South and South-South relations with the result that 
industrial production activities based on high technology and 
catering for dynamic world markets will be increasingly con
centrated in a few industrial growth poles located primarily 
in the OECD region, to a lesser degree in the COMECON area, 
and finally in a few OPEC countries and NICs.

What this study basically is trying to show is that the 
use of new technologies and the distribution of control 
over the relevant innovative capacities conditions, but does 
not determine by itself the restructuring of world industry.



In the final analysis, industrial restructuring is determined 
by the economic, social and political power- structures within 
which the social actors who are engaged in industrial 
trade and in the exchange c f rrcduet i on factors have te c \ e r athe



The application of microelectronic circuits to industrial 
products and processes is already about to change conside
rably the established modes of designing, producing and 
consuming industrial products and services. ~ Obviously, 
it will also play an important role in corporate decisions 
on how to proceed with the process of continuously readapting 
international location patterns in a process of crisis. But 
what exactly will be its impact and how is it going to in
fluence the comparative advantages to be reaped from locating 
industrial production in some growth poles of the Third World? 
Are we to expect a relocation back to the North of industrial 
production activities which during the 1960s and 1970s due to 
their relatively high labour-in tensity, had Ipeen 
"running away" from the classical production sites of the 
OECD region to some new growth poles particularly in South 
East Asia and Latin America?

(■ . 2 . 1. T h e  " R e l o c a t i o n  b a c k  t o  t h e  N o r t h ' 1 - H y p o t h e s i s

An outspoken proponent of the "relocation back to the North" 
hypothesis has been Juan Rada. In his extremely stimulating 
study for the ILO - he starts from the following diagnosis: 
"...the increase in automation lessens the importance of 
direct labour costs in total production costs, thus making
the manufacture of formerly labour-intensive goods economically

3 /feasible in developed countries." -

This is certainly a correct statement - as far as it goes, 
i.e. in pin-pointing the huge potential for radical changes 
in the economics of all stages of industrial production.

However, the conclusions which Rada draws from this diagnosis, 
would seem to be highly debatable: "This effect is already 
apparent with regard to goods such as textiles, garments

id



and electronic products, which the developing countries 
used to export in large quantities to the economically more 
developed part of the world. In these cases, the competitive 
advantage of less developed countries is being eroded through 
automation, and some key industries are returning to the 
developed countries (underlining added., D.E.).n W

6 . 2 . 2 .  A n  E m p i r i c a l  a n d  T h e o r e t i c a l  C r i t i q u e

Our critique centers around the following two points:

- First of all, Rada's statement implies that, in the textiles, 
garments and electronics sectors, industries are already returning on a 
significant scale to the developed countries, which is
simply not borne out by empirical evidence.

f.

Thus it would seem to be a serious misreading of reality
if policy prescriptions on innovation and international !
restructuring in industry would insist that the most
immediate concern from a developing country's perspective
would be relocation back to the North.

Today's industrialization strategies in the Third World are 
certainly confronted with a wide range of obstacles and 
dangers and some of them are indeed conditioned or further 
intensified by the development and application of micro
electronic devices. But to reduce them to "relocation back 
to the North" would mean a gross underestimation of the 
real dimensions which the interaction between innovation 
and international restructuring in industry is going to 
have in a period of crisis.

- Second, the comparative advantage of manufacturing activities 
located in Third World countries could indeed wither away 
rapidly. This comparative advantage is based on two pillars: 
low overall labour costs.first, and, secondly, greater 
machine utilization made possible by the longer annual

1

L
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of internal repression and severely constrained trade unions /movements. - Today, capacity utilization is not rn;' more 
depending on workers toiling 60 hours or more per week but 
can rely on robotised systems tending to work around the 
clock with ¿ust a few periodic interruptions due to pre
ventive maintenance. - Further, labour cost differentials 
are nc longer playing the decisive role in total product 
cost that they used to and this erosion of labour cost 
advantages will tend to accelerate with the progressive 
introduction of micro-electronics-related innovations. How 
fast this is going to be translated into a massive re
transfer of industries to the North however is still open 
to question.

WOi'tC uu LUTS ClIŜ TSC teristic for countries with hiR’a decrees

In the long run it would certainly be plausible to expect
large producers to bring back "a large share of offshore

T /production" - - if we assume that none of the actors 
engaged in the international restructuring of industries 
would succeed, separately or in coalition with others, to 
implement effective counter-vailing policies. However, this 
is not automatically going to be the case, since human 
beings and social classes are involved who have already 
show’’’ -t-heir capacity to fight for their interests. History 
in fact teaches us that, when introducing new technologies, 
the original expectations of management with regard to how 
these technologies will work, how the relations of work will 
have to be- reorganized and what this would mean for inter
national investment decisions, in reality hardly ever materialize 
without substantial changes.

{>•? . .  \ . ?h>.- o f  M a n u t~ a c t. ~ j -1 n g TV

Let us take tne case of consumer electronics, and more 
particularly the manufacturing of TV sets, to develop some 
of our earlier arguments. A major recent study by Ed Scriberras 
from the Science Policy Research Unit in Sussex, prepared for
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the OECD secretariat , — shows that relocation back to the 
North has not been an issue for the industry - at least 
if one defines "relocation" to mean a closing-down of labour- 
intensive production lines in Third World locations and 
their return to the classical industrial sites of the OECD
region. Of course, the availability of automatic insertion

1 -  /techniques and the reduced number of components“  did 
change considerably the economics of TV manufacturing and 
thus is bouna to be reflected in corporate decisions on 
industrial restructuring and international location.
Scriberras in fact shows that the already very heavy trend 
in the industry towards increasingly centralized vertical 
integration internal to the firm has been further strengthened 
due to the introduction of these new technologies, and that 
it is increasingly taking place on a worldwide scale.

11/The major findings of Scriberras on this question can 
be summarized in fact as follows:

- "Firms which had adopted advanced manufacturing processes 
did not transfer the most advanced processes abroad. The 
policy of all the firms is that automated techniqaes of 
production, testing, handling and packaging is concentrated 
in the parent company." (p.

- "Some Japanese subsidiaries in the US and in the less deve
loped countries still operate manual insertion processes.
For developing countries subsidiaries this is partly due
to the firms' international organisation of production. In 
some Far East subsidiaries, labour costs are so low that 
production concentrates on labour-intensive sub-assembly 
functions and automatic insertion is not required. But 
Japanese firms have transferred automatic insertion machines 
to both developed and developing countries (underlining added, 
D.E.). Component insertion is done automatically in some



Far East subsidiaries and (these components are, D.E.) then 
transferred for final assembly to the US and Japan." (p.4-9) 
Further, "Japanese firms gain competitive advantage from 
insertion and sub-assembly in the offshore areas and transfer 
of these to the US for final assembly. Japanese firms there
fore could obtain better cost advantages from large pro
duction bases in the Far East and serve not only the US 
but also other world markets." (p. 5*0 Where transfer of 
automatic insertion machines has taken place, "... the 
machinery is not as advanced as that adopted in the Japanese 
factories. The level of automation including testing, handling 
and packaging is not as extensive as in Japan. Firms' policy 
is to ’prove' technology in Japan before transfer but pre
ference is basically to keep advantages and problems of 
advanced automation in Japan." (p. 4-9) "This transfer process 
remains strictly under the control of the central manu
facturing engineering management in Japan." (p. 5A<)

- "US firms located in the Far East and in Mexico to exploit 
low labour cost, sometimes in the face of failed attempts 
towards automation. Automated techniques that are used 
are located in the US. Sub-assemblies are transferred
to these offshore areas for manual insertion and assembly 
and brought back to the US for final assembly. There are 
no plans to return such operations to the US and no plans 
to introduce automation offshore. Low labour costs are 
considered to make such transfer inappropriate (underlining 
added, D.E.)." (p, 49)

Rather than a relocation back to the North, world market- 
oriented production lines like TV assembly would seem to 
face the two following major constraints:

- the rising neoprotectionism in major OECD markets;

- the increasing technological protectionism applied by the 
dominant firms originating from the OECD region and the
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consequent further hierarchization of control over 'techno
logical building blocks' and systems knowledge.“

The first of these constraints has been extensively documentedi ; /in the existing literature.— '

The aforementioned OECD study for instance shows that it 
has been the "...imposition of import restiictions on off
shore regions such as Taiwan and Korea finally (which, D.E.)1 u /compelled the Japanese to consider assembly in the US."—  
iae study further adds "the imposition of OMA's (= Orderly 
Marketing Agreements, D.E.) and PAL licence constraints"—  ̂
among the factors which "...made the transfer of products 
through exports increasingly uncompetitive and precarious 
in the long term." Thus, according to the OECD study, it 
has been the result primarily of these neo-protectionistic 
devices that "...Japanese firms were compelled to consider
transfer of production to secure US and European markets." 1 6 /

But the really important structural constraint would be the 
second one, i.e. the increasing hierarchization of global 
patterns of technological dominance and dependence. If this 
constraint vould really materialize, this would have far- 
reaching implications indeed.

Unfortunately, we still lack a systematic study on this topic
for the TV industry or, for that matter, for the consumer

17/electronics sector at large. A recent study by the ODI—  
however, which discusses some aspects of this problem from 
the point of view of the British electronics industry, 
indicates a further hierarchization of access to key technologies 
in this sector-
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The report describes Western European countries as "early 
technological followers" with the main innovations being 
made elsewhere in the US and Japan. It warns that the shortening 
gap between innovation and the wide dispersal of technology 
raises questions about the viability, let alone the stability, 
of this type of specialization. The result, according to the 
ODI report might well be that Western European countries, 
and particularly the UK, might find themselves increasingly 
squeezed on the cne hand by Japan and the US which lead in 
electronics technology, and on the other by the low labour costs 
of electronics assembly work in the Far East.

On the other hand, some of the classical NTCs like Singapore, Taiwan 
and South Korea, have recently drawn up rather pretentious programmes
to upgrade their production activities from labour-intensive, 
low value-added assembly to somewhat more integrated and 
higher value-added production lines. On this issue, the ODI 
report underlines its concern whether, in the context of 
the present international market structure and the unequal 
division of control over technology, such programmes are 
not simply wishful thinking which in fact would distract 
the countries' energies from socially much more useful 
approaches to the development of an electronics industry.

4
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Reality

According to Pada, a second target for relocation back to 
the North would be the textiles and particularly the garment

iB /industry.—  The latter is an industry wnich so far proved 
to be remarkably resistant to the introduction of auto
mation - at least as long as relatively rigid and centra
lized modes of automation prevailed.— ^

But would not the emergence of new flexible industrial 
automation systems based on microelectronic devices con
siderably change this picture?

According to a recent study prepared for the ILO by Kurt 
Hoffman and Howard Rush, "the introduction of microelec
tronics in the late ?970's raised the expectations of 
some observers, both inside and outside of the industry, 
that the formidable technical obstacles to automation would 
be removed. It was felt that the microprocessor, with its 
vast information processing capacity and inherent flexibility 
had the capacity to facilitate radical technical change 
at the sub-process and systems level."

For instance, production steps which used to be labour- 
intensive, such as monitoring the quality of fabrics, design, 
producing patterns and cutting, could be increasingly pene
trated by new modes of highly automated production. Examples 
would include the use of self-programming robotics and laser 
beam cutters for cutting, and the application of computer 
aid systems for design, patterning and quality control. 
Further, production steps which already had some tradition 
of being mechanised and automated, could experience the intro
duction of a new generation of automation systems. Cases 
in point would be the massive integration of microprocessors 
into control systems for sewing patterns, fast stitching,
knitting heads and ink injectors that can be rapidly adjusted21/to produce different designs and colours.—



But the accelerating automation of separate production 
steps would be only part of the story. The real issue would 
be that clothing manufacture could become more and more 
conditioned by the application of integrated automation 
systems. This is a trend which has progressed most in 
continuous-flow basic industries, —  but has recently also 
gathered momentum in a typical batch production industry 
like the machine tools industry. — 'For the clothing industry, 
this basically could mean two things:

- First, various steps of production which have recently 
been automated could now be linked together into one con
tinuous automation system. The novelty would be that this 
could also be done for email and medium batch production 
and auxiliary operations. In analogy to recent developments 
in the machine tools industry, clothing manufacture could 
then be integrated into Flexible Manufacturing Systems 
(FMS) with automatic feeding and transportation of the 
fabric from point to point, with self-programming the 
sequences of operations, selection of the stations, 
selection of tools, selection of optimum speeds for 
cutting, sewing etc., and, last but not least, with in- 
process dimensional control.

- Second, through the application of Computer Aided Manufac
turing Systems (GAM), it would be possible to apply com
puter control not only to the process of production itself, 
but to all the functions needed for clothing manufacture, 
such as design, patterning, inventory, tooling, production 
planning, scheduling, machine control, inspection, quality 
control, storage and marketing. In other words, the tran
sition towards completely automated clothing factories, 
manned by just a handful of highly skilled "trouble
shooting" personnel, would become feasible.

Even if one would assume that the final stage will never 
be reached, ^the fact remains that the availability of



such "automated factory" systems would rapidly change 
the economics of clothing and textile production. This 
would apply for example to savings in labour, skills, 
materials and capital. Such savings could be considerable, 
even if microprocessor-based automation devices would be 
introduced only into separate stages of production and would 
not yet be interrelated. Yet, with the introduction of FMS 
and CAM, such savings would be bound to experience a real 
"quantum jump".

This, in short, are some of the expectations concerning the 
scope for applying microelectronic devices to the garment 
industry and thus to retransfer a broadening range of pro
duction stages back to industrial sites in the OECD region.

However, reality has turned out to be much more complex.
In fact, relocation back to the North has not yet taken 
place on a significant scale and the introduction of 
flexible and integrated automation systems is not yet a 
reality for this industry. The aforementioned ILO study for 
instance found that "... trends in technical change are 
directed at increasingly comprehensive and integrated 
systems of garment production. The time period, however, 
during which radical technologies will be incorporated into 
the industry is bound to be longer than previously anticipated, 
due to a number of factors including a low level of R & D, 
the lack of the necessary maintenance skills, undercapitali
sation, and technical difficulties associated with limp 
fabric. " ^
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q . 5 • 1 • I h e  C o n t e x t  ar.d t h e  Basic Message

We have already seen that the basic trend of industrial 
restructuring in semiconductor manufacturing by and large 
points to an increasing vertical integration and concentration.

This applies even more so to the global electronics sector 
centering around the design, production and application of 
new information technologies based on microelectronics.
Only a limited number of actors will remain active in in
formation technology, once the present crisis will be over.
In the long run, concentration and internationalization 
trends will gather further momentum and small and medium- 
sized laboratory firms (the real innovators ), but also 
some of the big firms will be liquidated.

This is the context in which we have to analyse the inter
action betvreen innovation, comparative advantage and 
changes of international location patterns in the 
semiconductor industry. The main message of this 
study is that the issue of immediate concern is not so much 
the possibility of outright relocation of industrial activities 
from the South, particularly some Southeast-Asian 'export 
platform' countries, back to the OECD region. Manufacturing 
of semiconductors in the Third World will continue to expand 
- at least for certain product families, for those specific 
stages of production which are not essential for exercisingp r fsys ems control,— 'an restricted to a fairly small number 
of ^exclusive' production sites. But changes are taking 
place and they are in fact of a considerable dimension: 
they relate to product and process technology, to management 
techniques end particularly to the ways of organizing shop- 
floor production and industrial relations. Industry insiders

à



keep stressing that managing offshore semiconductor production 
activities today ia a completely different affair from w’uot 
it used to be hardly five to eight years ago. In fact, 
transition to automatic assembly requires a considerably 
modified management approach simply because this mode of 
assembly is based on a different economic logic than manual 
assembly. The strategic concern vith automatic assembly 
is how to run extremely expensive equipment with a 
minimum of interruption, if possible around the clock and 
in such a way that final yields can be significantly improved 
over standards achievable with manual assembly. In addition, 
the structure of the labour force, and particularly of operators, 
is changing very much: while it normally took about three 
months "for a worker to become competent at manual bonding",
today, with automatic bonding, it takes only two weeks to

?  3 7tram a machine operator.—

It is to these changes and their impact on industrialization 
scenarios in the Third World that future analysis should 
be mainly geared.

In the final analysis, it is the overall trend towards 
increased concentration of control over strategic assets 
and the concomitant emergence of new patterns of global and 
regional oligopolistic competition which should be in the 
centre of future discussions. Intra-CECD rivalry, parti
cularly among US firmst and between them and Japanese firms, 
is the main driving force and gives rise to ever new rounds 
of a global technological race.

In particular, four points are worth emphasizing:

- The new economics of semiconductor manufacturing are already 
having a considerable impact on international location patterns.



However, our understanding of what is really happening is 
handicapped by a serious lack of empirical evidence which 
would allow us to differentiate the analysis of changes in 
international location patterns according to products and 
stages of production involved.

There is a complex interaction of factors conditioning the 
new strategies of international location in semiconductor 
manufacturing which do not fit into the mono-causalistic 
approaches of prevailing theories of "international re
structuring of industry".

Offshore chip assembly is already undergoing major structural
changes, with the result that positive effects, to be 
reaped by developing countries, on employment generation, 
forward and backward inter-indus tri al integrat ion skill 
formation and technological spinoffs, may become even 
smaller and less valuable than today.



Before outlining some recent changes of international location 
patterns in the semiconductor industry and particularly in 
offshore chip assembly, we should first like to add a point 
of warning. There is still a serious lack of empirical evi
dence, and this relates in particular to material which would 
allow us to differentiate our analysis of changes in inter
national location patterns according to products and stages 
of production involved.

It vili net be easy to this r a t , simply because must firms
nardly ever release any quantitative information on key 
underlying their foreign investment decision-making tore 
i.nis would relate in particular to informations on

a r iab les
s s. 29/

emr.ioyr.ent figures abroad , l ocal wage rates and other elements 
oi labour costs, especially in low wage countries, 
but also to the methodology used to establish the overall 
costa, benefits and risks of a specific investment project. CO /Add to this the considerable flaws of technology forecasting, — ' 
and it will become clear that most of the available projections of 
possible future trends of international restructuring 
in the semiconductor industry are baaed on very unsafe 
ground, simply because they have been deduced from a 
faiily incomplete knowledge of what is presently happening.

This would apply for instance to international allocation 
trends for chip assembly lines.

Tab. 6-3. (see chapter 6.U.) g i res the overall treads for US firms

as projected by some of the major studies on this topic.

In reading this table, what we learn is that, for whatever 
reason, the explosive growth of new companies, particular 
US merchant firms, rushing to offshore locations in tha 
Far East, which was typical for the late 1960s and early 
1970a, has clearly abated by now.



But this is only s very partial pictur* of what really 
happened. What was it that "caused US firms to rethink 
the rationale for offshore investment*- In order to 
arrive at a conclusive answer to this question, we need 
to dig out some further informations which would allow us 
to identify more clearly the driving forces behind the new 
strategies of international location in this sector and their 
main constraints.

This should in fact be a priority area for future research, 
as has been outlined by a recent expert group meeting on 
the implications of microelectronics for developing countries, 
organized by UNIDO. — ^



6.3. ' . Recent Changes in the International Location of 
Semiconductor Man ufacturir.g

The new economics of semiconductor manufacturing are already 
having a considerable impact on international location puttems in this 
industry. New production sites have been rapidly emerging and new 
actors have entered the stage. This meant that the rules of 
the game characteristic for this industry today are very 
different from what they used to be hardly ten years ago.
Yet, most of these changes have passed by largely unnoticed, 
at least outside the inner circles of headquarters management 
of major firms, and attempts to analyse the international 
restructuring process for this industry are^still to a 
large extent based on theories deduced from the experience of 
the "1960s and the early 1970s. — ^

(a) Four levels of international restructuring

Changes in geographic location patterns are taking shape 
at four levels:

- Locational shifts among major OECD countries, i.e. mainly 
between the US, Japan and a few production centres in 
Western Europe;

- Locational shifts from the centre to the periphery of the 
OECD region, particularly to Ireland, Scotland and Wales;

- Transition to new patterns of investment in the classical 
"export platform" countries like Singapore, Taiwan, Malaysia 
and South Korea;

- And, finally, relocation from classical "export platform" 
countries to new offshore locations like the Philippines, 
some new locations in the Caribbean Bassin, Sri Lanka, the 
PR China and Bangladesh.



It is probably still too early to get a complete picture of 
the logic underlying the manifold and often contradictionary 
moves taking place on these four levels and the interests 
of the actors involved. 3ut at least we should start tc dig 
out bits and pieces of it. The first step would be to make 
an inventory of the more important moves and to inquire 
into the rationale behind these individual cases. This 
would allow us to deduce at least some tentative working 
hypotheses which could then be subordinated to more systematic 
research.

The present study can only make a modest contribution. It will 
present some evidence for the three probably most important 
structural changes conditioning international location patterns 
today: the economics of demand are about to increase consi
derably in importance; the economics of production are about 
to change with an increasing focus on systems productivity; 
and the pressure on both semiconductor and systems firms to 
increase their vertical integration throughout the global 
e1 ectronics complex is going to increase.

We will focus on recent locational shifts within the OECD 
region, in partic’ilar to the European periphery and to Japan 
(see (b) - (d)). By and large, it will be these three types of 
international restructuring moves which will dominate the 
1980s.

However, before doing so, I want to underline one important 
point. The last two modes of international restructuring in 
the semiconductor industry, i.e. relocation to and within 
the South are bound to become of increasing importance.
In fact, radical cases of relocation within the South and of 
a consequent industrial restructuring of offshore production 
facilities can already be discened. This study will discuss 
some pieces of evidence in chapter 6. h. Yet, there are still 
vast deficits of empirical knowledge characterizing this



particular field of research on international restructuring 
in industry and there is an urgent need to make ir a priority 
for future research. In particular, the following develop
ments would seem to deserve in-depth empirical research:

- the rapidly expanding engagement of US semiconductor 
firms in the Philippines and the new patterns of speciali
zation between US and Philippine firms, particularly in 
assembly subcontracting which reached its peak during the 
1979/80 chip shortage; ;

- the engagement of Philippine firms, particularly of Qynetics 
Inc. in marketing and "silicon foundry services" in Monteca/ 
California ;

- recent attempts to proceed to more integrated i'orir.s o f  

semiconductor manufacturing in Singapore (Nanotek), Taiwan 
(Industrial Technology Research Institute in cooperation 
with RCA) and South Korea (High Technology Area in Samsung);

- recent developments in Mexico and 3razil.

(b) Locational shifts within the OECD region

Since 1975, the bulk of international investment of semi
conductor manufacturers went into locations within the OECD 
region.

Till the 1970s, inter-OECD international investment flows 
consisted mainly of investment of US firms in Western Europe 
and these investments were predominantly geared to the 
computer industry and to serving government procurement 
markets, particularly the military and the telecommunications 
sectors.
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In fact,three location trends are increasingly dominating
international investment in the semiconductor industry : 31* /

- a move of West European and Japanese firms into US locations;

- increasing Japanese investment in Western Europe;

- and the growing importance of the European periphery, par
ticularly Ireland,for US and Japanese investment geared
to the Western European market.

(c) Three main conditioning factors

By and large, these changes of international location patterns 
in the semiconductor industry and their focus on the OECD 
region can be explained in terms of three main factors:

- First and foremost, the growing importance of access to huge, 
sophisticated and dynamic markets. This market orientation 
would in fact seem to be the single most decisive determinant 
of international location patterns in the semiconductor and, 
for that matter, also in the electronics industry at large.—  ̂
If this iiagnosis would be correct, this would then imply 
that, if possible, all stages of production, from design 
to assembly, should be located as close as possible to 
areas of market growth.

Within the OECD region, the US market will of course remain 
by far the most attractive one. However, in terms of market 
growth, other areas are bound to gain in importance. A 
recent major study of the OECD secretariat on the electronicsl
industry arrived at the following conclusion:"The last decade 
has seen the growing importance of the Japanese market for 
electronic capital goods following the liberalisation of 
Japanese trade and foreign investment policy in this area 
which has occurred gradually since 1974. Over this period



1- 2:’° - I

the growth of demand for advanced electronic products 
(particularly the most advanced integrated circuits) in 
Western Europe has tended to lag behind that of the United 
States and Japanese markets. Forward-looking market surveys 
expect this trend to be reversed over the next ten years 
with growth rates of demand in Europe substantially higher 
than in the United States with Japan lying somewhere in 
between. It is thus likely that the geographical focus of3g j
the industry will shift accordingly."

According to a recent study by Mackintosh Consultants on 
the European electronics industry. IX/Western Europe will 
be the most important "future growth market" for the global 
IC market. Mackintosh in fact expects that a fivefold growth 
in real terms will take place from around 0 2.2 bn (in 1980 #s) 
in 1981 to about $ 11 bn in 1991.
It concludes that "a market of # 11 bn (in 1980 dollars)
in 1991 clearly represents a very substantial and exciting \
opportunity for the world's IC producers,...this 3 11 bn
market is likely to be contested vigorously and (...),given
their natural advantages, if the Europeans and Americans
allow the Japanese to capture a major part of it, they will
really have only themselves to blame."

In addition, future growth markets are already emerging 
outside the OECD region: the Gulf area, Mexico, Brazil 
and the ASEAN region.

Tables 6.1 . and 6.2 .indicate the tremendous growth potential 
for computer imports in these growth areas of the Third 
World.

1
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Tab 6.1 .Regional Trends in Computer Imports 1975 - 1978
------- r i n T r m  o f r r o  ------- -----------------

Region
Total 
Imports 
in 1978

TotBl 
Imports 
in 1977

Total 
Imports 
in 1976

Total 
Imports 
in 1975

Percent
Change
1977-1978

Percent 
Change 
1975 -1976

World Total 14,985,2 11,683,9 1 0 ,520,8 9,482,5 + 28,2 +10,95
Western Europe 8,856,6 7,019,5 5,989,2 5,231,8 + 26,2 +14,48
North America 2,751 »8 2,041,2 1,790,4 1 ,441,7 + 34,8 +24,19
Asia (incl. Far 

East) 1,106,7 882,0 768,7 703,6 +25,4 + 9,25Latin America 
COMECON countries ' 751,5 566,9 520,8 601,7 +28,9 -13,45

482,3 589,5 775,7 826,8 + 23,8 - 6,18
Oceania 407,6 550,8 279,2 276,8 + 23,2 + • 0,87
Africa 555,7 263,6 235,0 236,0 +26,6 - 0,42
Middle East £\ 
Arab States only '

517,7 189,9 - - +67,3 -
277,8 169,4 154,5 108,1 +65,9 +24,42

China 20,9 7,9 - - +164,5 —

1 )  A 1 s o e n c l o s e  C u b a ,  M o n g o l i a  a n d  V i e t n a m .

^Arab States are a group of 20 Arab countries located in the Middle
East and Africa. The totals for Africa and Middle East also include their 
constituent Arab countries in these statistics. These figures are de
veloped by region for comparative purposes. They do not add up to the 
world total, since some duplication and overlap will occur.

Source: Figures are taken from the U.N. International Trade Statistics for 
category SITC 714 which includes computers and office machinery 
but does not include software cr other computer services. United 
Nations, New York, September 1980 and October 1978.
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The degree of homogenization of demand is already such 
that it is possible to talk of an emerging world market 
for electronic products. In other words, COMECON countries, 
NICs and OPEC countries tend to demand the same kind of 
highly complex devices and electronic capital goods.

Second, the economics of semiconductor manufacturing are 
undergoing substantial changes. We have extensively dis
cussed this aspect before. Suffice it to drpw out two 
implications for the choice of international location 
patterns:

- the need to integrate all stages of production as far 
as possible in order to be able ro reap technical and 
industrial synergetic effects;

- the pressure to go ahead with worldwide sourcing for 
cheap, unskilled labour has been somewhat releaved, due 
to important changes in the cost structure, such as the



increasing weight of the very high cost of equipment 
and r&d, of developing and maintaining software and of 
highly trained professionals.

- Third, in order to survive in an increasingly concentrated 
and global industry, semiconductor manufacturers have no 
choice but to increase their vertical integration with the 
overall electronics sector. One important implication for 
international location decisions would be that semicon
ductor firms have to subordinate increasingly their product 
and marketing strategies to application needs which would 
further strengthen the market orientation of their inter
national investment decisions.

In short, the point which is really worth underlining at 
this stage is that during the 1970s the impact of innovation 
on international restructuring in the semiconductor industry 
has been formidable indeed and that changes in international 
location patterns are already taking shape which discussions 
on international restructuring have not yet taken sufficiently 
into account.

(d) Shifting high-technology investment to Japan - the trend 
of the future?

We have seen that possible future location shifts in semi
conductor manufacturing will probably focus on the US and 
Western Europe, and particularly on the European periphery. 
Non-OECD locations might become of increasing importance 
during the 1980s.

However, we have to add again a point of warning and that 
is that all previous statements are based on very unsafe 
grounds and that, in addition, key variables of this 
sector are changing extremely fast. A case in point would 
be recent shifts of high-technology investment to Japan.
Are they again going to change the structure of this industry?



According to an announcement made in July "1981, Texas Instruments 
Japan plans, by the end of 1981 to be by far the biggest 
maker of 64 K random access memories (RAH) in Japan - with 
plant capacity for no less than 1 million units a month.
This target in fact wauld mean a doubling of the monthly 
production figure reported for 1981.

If these plans would materialize, their consequences could 
be formidable indeed:

First, TI Japan then would considerably outpace its Japanese 
competitors. Compared to the 1 million monthly output figure, 
Fujitsu and Hitachi are making about 300»000 and 200,000 
units of 64 K RAMs now, and are said to increase output to
600.000 and 700,000 units respectively by the end of the 
year. NEC, Oki and Toshiba are each expected to be up to
300.000 units by the end of the year, while Mitsubishi is 
going up to 200,000 units.

Second, it would establish Japan as the largest centre for 
VLSI circuit manufacturing - for 64 K RAMs for instance,
Japanese production figures would increase threefold,from 
1.25 million to 3.4 million units a month.

Third, TI's move to Japan could have a tremendous impact on 
international location patterns, not only in VLSI circuit 
manufacturing itself, but also for the producer of the 
relevant equipment and for applications.

For VLSI circuit manufacturing and particularly 64 K RAM 
other US merchant firms are likely to follow TI in going 
Japanese. Viewed from the perspective of US merchant firms, 
the rationale underlying TI's move to Japan is an attractive 
one indeed: in order to regain market shares in the crucial



mass market of random access memories, which they have lost 
to Japanese fims in. the market of 16 K RAM, US films would 
exploit themselves the advantages in terms of quality and 
cost inherent to the industrial structure and work organization 
patterns of Japan. According to the Electronics Times,
TI Japsn "...clearly feels that it can do better with Japanese 
than US manufacture, thus confirming the general view that
Japanese workers and manufacturing systems give an advantage

0 2 /xn terms of quality." —

A recent commentary in a Japanese newspaper, quoted by Business 
Week,— ^aptly describes the underlying logic: "The Japan-U.S. 
semiconductor war is jumping from the U.S. to Japan and is 
entering a second round of the struggle for brains and highly 
productive labor."

In addition, TI will be able to borrow-investment funds in 
Japan at about one third of the price of interest rates in 
the US - the going rate in Japan as of July 1981 being under 
8%. Given the extremely negative impact of the excessive 
interest rates on industrial investment and particularly 
on high-cost investment in VLSI manufacturing. — ^Japan's 
low interest rates are indeed attractive for US investors.

If more US firms would start VLSI manufacturing in Japan, 
this could mean for US makers of VLSI manufacturing equipment 
"the beginning of the end".—  ̂ Electronics Times concludes 
that "...after all ...the Japanese companies will have an 
inside line as they negotiate with Japanese engineers. Thus
it is not surprising that some American makers are settingU 2 /up manufacturing facilities or joint ventures in Japan."—

Yet, it is probably still too early to judge whether these plans 
of Texas Instruments Japan will really materialize. In fact, the 
introduction of VLSI circuits seems to require much more time than 
originally perceived. This would seem to apply particularly to

hi/64 K RAMs with their notoriously protracted introduction period.—



6.1. The Restructuring of Offshore Chip Assesbi~ - An Er.:'i r i j al 
Assessment

6 . u . 1 . Major J e v e I o p m. e n t s in the Industrial Restructuring 
of Offshore Chin Assembly

Offshore chip assembly has been experiencing major structural 
transformations which have passed by largely unnoticed out
side the inner circles of corporate headquarters' management, 
professional industry analysts and consulting firms. Due 
to the changing economics of semiconductor manufacturing, 
offshore chip assembly today hardly corresponds anymore 
to what it used ro be less than five years ago.

The introduction of new technologies to automate chip 
assembly did play an important role - but a somewhat 
different one than was expected only a few years ago by 
informed industry observers. Then, relocation back to the 
North seemed to be the most obvious implication.

In 1977 for instance, the most comprehensive description 
of chip-making had this to say: "The traditional cost
saving technique has been to employ less expensive overseas 
labour for the labour-intensive packaging operation. As the 
cost of overseas labour rises and improved packaging technology 
becomes available, overseas hand labour is gradually being 
supplanted by highly automated domestic (i.e. US, D.E.) 
assembly".— ^

And it was Juan Rada in his otherwise extremely stimulating 
study for the ILO who took this position to its logical 
extreme, stating that "... the competitive advantage of 
less developed countries is being eroded through automation, 
and some key industries (Rada mentions textiles, garments 
and electronic products, D.E.) are returning to the deve
loped countries." ^

We have already discussed 30me of the major short-comings
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of this position (see chapter 6.2.). We will now discuss more 
in detail recent structural changes in offshore chip 
assembly which, according to Rada, should have been a 
priority candidate for relocation back to the North.

This study shows that, defined as a closing-down of labour- 
intensive production lines in Third World locations and 
Their return to the classical industrial sites of the OECD 
region, "relocation back to the North" has not been an 
important issue for the semiconductor industry. The 
availability of new techniques, such ss new equipment 
generations for automatic bonding and teiting did of 
course change considerably the economics of semiconductor 
manufacturing - a point which we have documented extensively 
in chapter 3« Thus, the increasing automation of chip 
assembly is bound to be reflected in corporate decisions 
on international location.

Yet, however plausible it might sound that, viewed from 
the perspective of semiconductor firms headquarters' 
management, 'relocation back to the North" would be the 
most appropriate solution, we have to accept the fact 
that empirical research simply does not bring out this 
hypothesis. In fact, the real question to be answered is 
what factors did prevent major semiconductor firms to 
proceed along these lines, i.e. what factors really con
ditioned their international restructuring decisions.

That is what we will try to do in chapter 6.5* But before 
we will present an empirical assessment of some major 
structural changes in offshore chip assembly which have 
been recently emerging. In particular, we would like to 
underline the following four developments:

- there has been a slowing-down of investment into off
shore assembly lines since around the mid-1970s*,
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- employment figures in practically all offshore locations 
have been stagnating, if not declining;

- output and export figures continue to rise for all 
major offshore locations;

- and, finally, the value-added in offshore manufacturing 
which initially used to increase roughly till 1973, since 
then has been dramatically declining.

6 . k . 2 . A S l o . Ti n g - d o v r .  o f  I n v e s t m e n t  i n t o  O f f s h o r e  A s s e m b l y

Table 6 . 3 .presents some overall allocation trends for off
shore chip assembly by US firms as reported in some major 
studies on this topic. We have already underlined the 
shaky empirical basis from which both the inventory till 
1979 and the projection from there on have been derived.
But the important point for us now is that, without any 
doubt, the run into new offshore production sites, 
characteristic for the late 1960s and the early years 
of the 1970s, has not been sustained after 1974/75«



Tab. ° Allocation Trends for Chips Assembly Lines: ÜS Firms

1964-
ca. 1968/69 

- 1973

197V75

1979

March, 1981

1989

Fairchild establishes the first "offshore" SC 
assembly plant in Hong Kong
Fairchild "opens up" South Korea

Peak of offrhore movement. Since then several 
factors have caused US firms to rethink the 
rationale for offshore investment. ^
First "chip crisis". Little new or expanded off
shore investment by mature US firms. While some 
newer US firms continue to establish offshore 
operations in the Far East to gain the cost 
advantages that still exist, the run into new 
offshore production sites, characteristic for 
the late 1960s and the early 1970s, is clearly over.
29% of chip assembly by US-based firms is conduc
ted within the U.S. 3)
1980/81 chip crisis will accelerate the process 
of phasing-out offshore assembly facilities, par
ticularly those using older technologies and 
less capital equipment.Q
Nearly 4-056 of chip assembly by US-based firms 
will be done in the U.S. 3J

Notes: 1) gource3; £ruel, J.L. - ’’L'industrie mondiale des 
semi-conducteurs", Diss., Paris, 1980; Scottish 
Development Agency - "The Electronics Industry in 
Scotland. A Proposed Strategy", study prepared by 
Booz, Allen & Hamilton, April 1979, and Siegel, L.
- "Delicate Bonds: The Global Semiconductor Industry", 
Mountain/üew, Calif., January 1981. See also table 
"Factors causing US firms to rethink the rationale 
for offshore sourcing"

P) Scottish Development Agency - "The Electronics In
dustry...", op. cit., p. 27

3) 1979 estimate and 1989 projection are from Frost &. 
Sullivan, Inc. New York, quoted from "Northern Cali
fornia Electronics News, January 7, 1980.

^  "Global Electronics Information Newsletter" (Mountain 
View, Calif.) No. 8, March 1981 and various issues 
of "Electronics Times" (London)



In Act, there has been an overall slowing-down of invest
ment into offshore assembly since around 1975-

Pig. 6 .1 . documents that the number of Far East assembly 
lines which, till roughly around 197*, used to grow with 
practically the same speed as worldwide IC sales, since 
then has significantly lagged behind.

F i g u r e  6 . 1 . :  G r o w t h  T r e n d s  i n  W o r l d w i d e  I . C .  S a l e s  a n a  f a r  F a s t

Assembly Plants

Source:
BoemaAssociates, 
Few York, Hovem-
ber 1980

But this kind of information does not tell us too much. 
First, we would need to know whether this slowing-down 
in the expansion of offshore assembly lines has been 
just a short-term result of the 197* - 75 semiconductor 
crisis or whether it did continue once demand recovered 
and global semiconductor production capacities expanded 
very rapidly again. Second, of oven greater importance 
would be to know what concrete move? are behind this 
aggregate figure.



Table 6 .i*. gives a more differentiated picture of vhat happened 
to important offshore locations in the Third World. It is 
based on a sample of 27 leading IB, Japanese and Westenropean 
firms which in 1979 were responsible for more than 9Of> of 
the world semiconductor production.

T a b l e  6 . 1 . T h e  D e v e l o p m e n t  o f  O f f s h o r e  I n v e s t m e n t  i n  V a  r io us T h i r d
World Locations by Major PS, Japanese and Westeuropean 
Semiconductor Firms a', 1971 - 1979

Country Number of 
1971

Pirms Present 
1974

b)
11976 1979

South-East As’:La:
Korea 6 s 8 8
Hong-Kong 1 6 6 7
Indonesia 0 3 3 3
Malaysia 0-2 11-13 13-14 14
Philippines 0 0 1 6 + 1 planned

Singapore 9 10 12 13
Taiwan 3 3 6 8
Thailand 1 1
Latin America•
Brasil 0-2 2 5 5 *i planned
Mexico 12 13
Barbados 0 0 0 1
Puerto Rico 2 3
El Salvador 1 1 2
Mediterranean Bassin:
Morocco 1 1
Malta 1 1
Portugal 2-3 3

^The sample includes 24 US firms (AMD, Burroughs, Fairchild, 
General Electric, General Instrument, Harris,Hewlett Packard, 
Intel, International Rectifier, Intersil, ITT , Litronix, 
Mauaan, Monsanto, Mostek, Motorola, Rational Semiconductor, 
Pulse Engineering, Raytheon, RCA, Rockwell. Texas Instruments 
and Zilog), 6 European firms (Ferranti, Philips, Plessey, 
S.G.S., Siemens and îhomeon ), and 7 Japanese firms (Hitachi, 
Mitsubishi, НЕС, dei, Sanyo, Toshiba and Toyo).

k^Each firm is counted only once in each country, even if it 
owns more than one plant.

Source: Truel, "Ler> nouvelles atmt.épiirr . ", l r)H0, p.l?.



Whatever its shortcomings. —  this table amply documents 
iOur developments •
(a) In the "classical" offshore locations in Sonth East Asia, 

i.e. in Singapore, South Korea, Taiwan, Malaysia (starting 
from the early 1970s) and Hong Kong, the arrival
of new entrants has clearly levelled off since around 
197*.

(b) After that date only one South East Asian country, i.e. 
the Philippines, was able to attract an important 
amount of new investment. Indonesia and Thailand on 
the other hand bad very poor results. One should add 
that since 1979 three additional candidates for late
comer offshore location became available in the region: 
the PR China, particularly its coastal "Special Economic 
Zones", —  India and Sri Lanka.

(c) The traditional locations in Latin America, i.e. Mexico's 
"border industries' belt" and the Caribbean Bassin also 
show & relative stagnation, whereas Brazil shows an 
overall dynamic trend. In fact, for Brazil, access to 
the potentially huge Latin American market has been
the guiding principle, and costs,particularly labour

U 8 /costs were only of secondary importance.—
(d) In the Mediterranean Bassin only vei7 recently some 

offshore locations have been developed, bat still on 
a fairly limited scale.



c . - . j . Stagnating, I:' not Declining a. ~ p - o y e nj.

Employment figures in Third World offshore locations 
have been stagnating if not declining.

T a b l e  c . ^ s h o w s  -„nat t h e  e m p l o y m e n t  f i g u r e s  f o r  U55 a f f i l i a t e s

abroad have only slightly increased between 197* and 1978. 
Taking into account the increase of OS implementations 
in Western Europe, this would mean that employment figures 
for Third World locations have at least stagnated.

I

T a b .  6 . 5 .  " D e v e l o p m e n t  o f  W o r l d  E m p l o y m e n t ^ F i g u r e s f o r  U S  
" : S e m i c o n d u c t o r  F i r m s ,  1 9 6 6 - 1 9 7 8 "  ( t h o u s a n d s )

Tear __Employment_________________________
Urn S•A# Abroad a) 

(estimation)
Total

1966 82 * 86
1967 85 10 95
1968 87 20 10?
1969 99 AO 139
1970 88 *5 133
1971 75 50 125
1972 98 60 158
1973 120 80 200
197* 133 85 218
1978 — 89 —

a) -Till 19?*, the great majority of foreign employees was 
located in Third World locatione. In 197* for instance, 
of a total of 85.000 only 5*000 were employed in factories 
located in Western Europe and Japan.

Source: For 1966 - 7*: U.S. Department of Commerce - "US. Report on the 
Semiconductor Industry1*, Washington, D.C., September 
1979* For 1978: DSITC. Adapted from: Truel, 1980c, p. 6

I n  a d d i t i o n ,  t a b l e  6 . 6 ,  p r e s e n t i n g  f i g u r e s  f o r  I n t e l  C o r p . ,  a

leading US semiconductor merchant firm, gives evidence for 
a declining share of foreign employees as a percentage of 
total employeea.

This is at least the interpretation given to these figures 
by Robert I. Hoyce, vice-chairman of Intel Corp., in his 
statement before the U.8. Congress in January 1980:
"As progressively higher threshholds are reached by the 
U.S. semiconductor industry in product and process technology, 
the tendency appears to be a decrease of foreign employees. 
This trend is enhanced by the increased use cf automatic



bonding equipment in the offshore assembly plants. Intel, 
for instance, more than tripled total corporate employment 
frcm 1975 to 1979» but the proportion of foreign employees 
dropped from a peak of 41# in 1976 to 30# in 1979 even 
though a higher percentage of sales were abroad and a 
higher percentage of our total employees were foreign 
sales and marketing personnel."— 7

T a b .  6 . 6 .  I n t e l  E m p l o y m e n t  - G l o b a l  T r e n d s

Yearly Employment Iocxeue Foreign
Employment

1975 — 36%
1976 53% 41%
1977 11% 39%
1978 U% 33%
1979 31% 30%

Source: Intel Corporation

Quoted from: Global Electr o n i c s  Information
Newsletter, (Mountain V i e w / C a l i f o r n i a ) ,
No. 1, June, 1980, p. 5-

Intel, which currently employs about 14,000 worldwide, may 
not be entirely representative of the industry however, since 
it concentrates on microprocessor production, one of the 
most sophisticated branches of the semiconductor industry. 
Other semiconductor operations (when separated from non
semiconductor activities of the same companies) tend to 
employ larger percentages of employees abroad.
Thus, it would be important to dig out additional infor
mations which would allow us to test to what degree the 
Intel case indicates a general trend.



Output and particularly export figures for assembled semi
conductors continued to increase for practically all major 
offshore locations*

We can  do cum en t  this vith data on s err.i conduct o r imports 
to the US under tariff code items 306.30 
and 807, recently male available by the 'J. S . Depart
ment of Commerce. ^ T h e s e  figures give a fairly good picture 
of recent trends in output and erport figures of major offshore 
semiconductor assembly locations for two reasons: First, most 
of the semiconductors assembled in offshore locations are re
exported to the U.S., where they are tested and marketed or 
in some cases marketed directly following testing in Asia. 
Second, most of these re-exports qualify for special treatment 
under tariff code items 806.30 and 807 which, in essence, exclude 
from duty the U.S.-produced content of the assembled goods.

Table 6.7 shows that, except in the case of Taiwan, import 
figures covering TSUS items 806.30 and 807.00 are a good proxy 
for the overall semiconductor exports of these countries to 
the U.S.



Tnb. 6.'u Exports of Semiconductors by Selected 
Less Developed Countries, 1976 

(millions of dollars)

Exporting
Countries

Total
Exports

Exports 
to U.S.

80.6/807
Portion

Exports 
to Japan

Exports to Other 
Third Countries-

Singapore 339.5 237.0 197.1 4.3 98.2
Mexico ' 102.5 100.7 83.4 - 1.8
Korea 298.6 164.8 148.3 47.9 85.9
Hong Kong 126.2 90.6 71.2 5.2 30.4
Taiwan
Malaysia—^

197.7 68.6 36.9 17.5 111.6
na 206.0 192.2 16.5 na

1/ Complete data for Malaysia was not available.

Source: BIC Country Market Surveys, Electronic Components, 1978;
'upen Tariff Association, computed by Ministry of Finance, 1976.
Quoted from: "A Report on the US Semiconductor Industry", US DSC
Industry ani Trade Administration, Office of Producer Goods,
Sentember, 1979, (GFO Stock No. 003-009-00727-9)

Table 6 . 8 documents recent trends in the U.S. semiconductor imports 
from offshore locations in the Third World.



their RoleforTab. 6.8 .  Semiconductor Imports from Offshore Locations -__________
Imports and Supply of Semiconductors in the U.S. and Recent 
Structural Changes« 1970 - 78

“1)

Tear

(a)Shipments
of US
based semi- 
ductor firms^'

(b)

Total
Imports

(c)Total
806.30/
807.00
Imports

(d)

(-c/a)

(e)

Oc/b)

(f)

U.S.
Content

<B)

C-f/c)

Ch)

Dutiable
Value

Ci)

C»h/c)
1970 1,720 137,*6* ’39,071 8 88% 78,*09 56% 60,662 **%
1971 1,302 179,092 ••¡52,20* 10. 85% 81,255 53% 70,9*9 47%
1972 1,8*8 330,277 2*9,717 13,5 % 76% 127,3*6 51% 122,371 *9%
1973 3,12* 618,613 *10,207 13,1 % 66% 185,637 *5% 22*,570 55%
197* 3,6*6 961,338 681,8** 18,7 % 71% 310,359 *6% 371,*85 5*%
1973 3,002 802,687 617,276 20,5 % 77% 291,718 *7% 325,558 53%
1976 *,512 1,107,399 877,6*8 20,* % 80% *00,908 *6% *76,7*0 5*%
1977 *,8*1 1,352,317 1,120,121 23,1 % 83% 6^6,860 55% 503,261 *5%
1978 - 1,800,000 1,*78,535 - 82% 886,705 63% 591,830 *0%

*  }'»Semiconductor imports from offshore locations are measured by imports 
under the TSUSA Items 806.30 and 807-00

^«Excluding shipments from Affiliates located outside the U.S.

Sources: Census Bureau Foreign Trade Data Printouts/TSUSA 806/807 as
quoted in: US Department of Trade - "A Report on the U.S. Semi
conductor Industry", Washington, D.C., September 1979, and 
"Import Trends in TS08AItems 806.30 and 807.00", U.S. Inter
national Trade Commission Publication 1029, Washington D.C., January 1980



- imports from offshore locations have been rapidly increasing 
during the 1970s;

- semiconductor imports from offshore locations during the 
1970s increased their share in the shipments of US semi
conductor firms to the US market;

- the share of semiconductor imports from offshore locations 
in ..ie overall semiconductor imports of the US,
which has been falling from 1 9 7 0 to 1973, since then 
has been recovering to the levels of the late 1960s;

- the foreign content of semiconductor imports from off
shore locations, i.e. the value-added in these production 
lines, has heen considerably changing.

It is the last point which is probably the most important 
characteristic of the newly emerging modes of industrial 
restructuring in offshore chip assembly. We will thus 
discuss it in detail in 6.4.5. But let me first develop 
further the first three points:

First, imports from offshore locations have been rapidly increasing 
during the 19708. In fact, from 1970 till 1978 they in
creased more than tenfold from 139 million to nearly 
1479 million. It is true that after a fivefold increase 

from % 139 million in 1970 to # 682 million in 1974, there 
was a fall of approximately 9*4# in 1975. Obviously, this one 
year reduction of offshore imports was a reflection of the 
1974-75 semiconductor crisis. But since 1976, offshore 
imports have clearly recovered. In fact, from 1975 till 
1978, they have more than doubled with a per annum average 
growth rate of 33.9#.

There are four basic informations to be drawn from thi3 table:



Second, relative ~ o  the overall shipments of US based semicon
ductor firms tc the US ma-rleet, semiconductor imports from 
offshore locations during the 1970s significantly increased 
in importance, Whereas in 1970 their value equalled 8.1?$ 
of shipments of US based firms, their share increased to 
2?.1?6 in 1977* At this last year, imports from non-offshore 
locations, i.e. from Japan and Western Europe, were signifi
cantly lower, % 232 million relative to the # 1120 million 
from offshore locations; in terras of shipments of US based 
firms they hardly covered 5#*

Third, in relation to the overall semiconductor imports of the US, 
the share of semiconductor imports from offshore locations 
has been falling iron 88?$ in 1970 to 66?$ in 1973» but since 
then has clearly recover'd again, reaching 82?$ in 1978*
In other wordp, on this ag.\ 'agate level it is still safe 
to say that the great majority of semiconductor imports 
to the US is produced in Third World locations, particularly 
in Southeast Asia and in Mexico.

But reality ia more complex. In fact, we have already shown 
that this statement needs to be modified, once we turn to 
specific product groups, particularly if we talk about 
standardized memories, like 16 K JBAMs, where Japanese firms 
have already made significant inroads.

In addition, the DoC figures end at 1978,indicating for 
that year already a significant increase of imports from 
non-Third World locations (up 38?$ from % 232 million in 
1977 to & 321 million in 1978). let, aa We have already 
indicated, the run into new OECD locations started only in 
response to the chip shortage of 1978/79 and the consequent 
Japanese penetration of important US market segments. In 
other words, the picture drawn by these figures up to the 
year 1978 might not apply anymore today. In the meantime, 
imports from Japan and even more so from the European 
periphery, particularly Ireland, have increasingly 
gained in importance.



Finally, and probably of greatest importance, are changes 
in tne foreign content of semiconductor imports from off
shore locations. (See colunmes (h) and (i) of table 6.8.) Whether or not 
the value added in offshore locations will cove* an in
creasing part of the overall value of semiconductor exports 
is in fact of crucial importance both for employment and 
for the scope for strategies to increase the integration 
of these activities with overall industrial production.

Two completely distinct phases can be discerned:
- the rise of foreign content from 44# in 1970 to 55# in 

1973» followed by a period of consolidation till roughly 
1976 around the 5^# raarfc. According to the Commerce 
Department study, three factors did play an important 
role: rising wage levels in the classical offshore location 
sites; the availability of locally produced parts in some 
of these countries, pcrticularly in Singapore, Taiwan,
Malaysia sod South Koras; and the Availability of parts 
from third countries,particularly from Japan«

- the decline of fort lien content since 1977 which, if it 
continues, may lead to a leveling off, or even drop, in 
Asian semiconductor employment.

In fact, this decline is a direct reflection of some 
recent changes in the economics of semiconductor manu
facturing which we have already diseased extensively.
As the complexity of circuitry increases, more value 
ia produced in the early wafer-fabrication stage, i.e. 
in the U.S., in Japan cr in some locations in Western 
Europe. Furthermore, the more complex circuits require 
much more complex, computerized final testing, which 
again is usually done in OECD locations, particularly 
in the U.S. nnd Japan.

Table 6.9 shows that, except for Hong Kong which bad a much 
higher foreign content level, all the ocher major offabore



locations had foreign content shares close to the average 
share of h-5# (Malaysia, Singapore, Taiwan) or significantly
V - 1  .1 A. T T________... J li : _ - > TJ—  4*«. 4.U . 1 .4. .
u o x w w  x  i# \ u u u  u u  a u u  h o à i w u  y  •  -uj  x a x  o u o  x i r w a i *

content (3250 can be found in the Philippines. Thus it would 
seem safe to conclude that the decline of foreign content 
is a well-established trend for all major-offshore semi
conductor production sites.

1

Tab. 6.?. Comparison of U.S. and Foreign Contents In
Imports Under TSUSA Items 806.30/807.00, 19^7 

( $ 0 0 0 )

Total

Country
806.30 £ 
807.00

Foreign
Content Percent

U.S.
Content Percent

Malaysia $269,936 $120,313 45 $149,623 55
Singapore 234,616 108,958 46 125,658 54
Korea 208,971 81,413 39 127,558 61
Taiwan 72,720 33,286 46 39,434 54
Bong Kong 63,885 35,896 56 27,989 44
Mexico 63,286 21,785 38 41,501 62
Philippines 52,182 16,579 32 35,603 6$

Total, seven 
countries 965,596 418,230 43 547,366 57

Other
countries 154,525 85,031 55 69,494 45

TOTAL 81,120,121 $503.261 45 $616,860 55

Sc lirea; Bureau of Census, Foreign Trade Data Printouts/TSUSA 
806/307
Quoted from: "Report on the US S e m i c o n d u c t o r  Industry", US DOC
Industry and Trade Administration, Office of Pr o d u c e r  Goods, 
Washington, D.C .,  September 1979, (GP0 Stock No. 0 0 3 — 009-00327-9)

To conclude, the recent decline of foreign content in semi
conductor imports from offshore locations, at the same time 
when these imports continue to increase in absolute terms, 
would in fact underline our main point: relocation back to the 
North of chip assembly iu not a significant issue, despite 
the gradual automation of that process. Rather it is the

ft



considerable structural changes of semiconductor manufacturing 
taking place in offshore locaгions1 both with regard to product 
and process technology, and its implications for a restructuring 
of conventional offshore activities, to which future in-depth 
empirical research should be directed.

Worldmarket-oriented semiconductor manufacturing might in fact 
continue to expand in some Third World locations, but compared 
to the status quo, this new type of offshore semiconductor 
manufacturing might produce even smaller and less viable positive 
effects on employment generation^ forward and backward'intern- 
industrial integration and technological spin-offs.



the Conflicting EvidencePossible Future trends -

What are going to be the most likely future scenarios 
for the international restructuring of the semiconductor 
industry and in particular what is the role which production 
sites in the Third World are going to play?

This study has repeatedly warned that ready answers to 
these questions are not available and that those, who 
claim to have them, are arguing on very unsafe grounds.

6 . 5 • i • Options Depend on the Actors Involved - the Complex 
and Dynamic Interplay of Factors Conditioning 
International Location Patterns

What is possible however is to identify some of the 
options facing the major actors of international restructuring 
in this sector, particularly private firms based in the 
OECD region, and to confront them with those bits and pieces 
of, mostly conflicting, evidence which is available today.
Four points would seem to be worth underlining:

- First, if only the interests of semiconductor manufacturers 
weald be at stake, then "relocation back to the North" 
would indeed be the most probable future scenario for
a large part of chip assembly lines located today in 
developing countries (see 6.5.2.)

- If we proceed however, secondly, to the broader picture 
of the integrated electronics sector and try to identify 
the options open to highly diversified systems firms, 
then we would find that a much more complex and dynamic 
interplay of factors is going to condition international 
location decisions and that, by and large, the drive for 
internationalization is going to continue (see6»5.3-)

- A third point then would be that as long as developing 
countries would contine to rely predominantly on the



willingness and capacity of private firms originating 
from the OECD region to redeploy production facilities 
and technology, they could hardly expect to increase 
the viability of their existing segmented worldmarket- 
oriented chip assembly lines. Within such a scenario 
of passive and unselective worldmarket integration, the 
vulnerability of these production lines to the economic 
crisis and to the impact of radical technological break
throughs will remain excessive and there will be net
m uch c h a n c e  t o  p r o c e e d  t o  a n  i n c r e a s i n g l y  i n t e g r a t e d

electronics industry which could be suDordinated to the 
specific requirements of these countries.

In other words, as long as developing countries do not 
devise and implement effective counter-vailing strategies 
to the prevailing nudes of international restructuring, 
the most likely outcome will be that a handful of privi
leged "high technology enclaves" will emerge close to 
the future growth markets in the Gulf region, in South 
East Asia, and probably also in Brazil and Mexico, 
thus.complementing today's developments in the European 
periphery. particularly in Ireland and Scotland.

A fourth and last point would be that any projection on 
possible future trends in international location patterns 
of industry could hardly claim to be realistic, if it 
would not be related to a much broader context, i.e. the 
overall perspectives for future interactions of innovation, 
international transfer of technology and international 
restructuring in a period of crisis. This is what we are 
going to do in chapter 6.6.



Viewed from the perspective of established US semiconductor 
merchant firms, relocation back to the US would seem to 
be a preferred scenario for most of their offshore chip 
assembly lines. Take for instance recent statements by 
Donald Levinthal, editor of the influential magazine

5 2/Semiconductor International. In his April, 1981 editorial,— - 
Lovinthal argued that US semiconductor
companies should not only automate their assembly operations 
but move them "back onshore". He claims that this would be the 
only way for US firms to counter the Japanese challenge.

In fact, in contrast to US ma^jor semiconductor firms which since 
around the early 1960s have made extensive use of global 
sourcing for cheap labour, particularly in South East Asia, 
Japanese firms have concentrated from the beginning on 
assembling products at home, using more automation in their 
operations.

Levinthal argues that insistence on offshore operations, very 
useful in the early stages of the industry, could put US 
firms in an increasingly weak position for at loast two reasons:

- it deprives them from significant systems productivity gains;

- it will make them more vulnerable to political turmoil abroad.

With regard to the first point, Levinthal argues that in order 
to evaluate correctly the complex trade-offs between US or 
offshore location, a "...systems concept rather than a fragmented 
operation-by-operation process mechanization procedure" would 
be needed. Only then would it be possible to avoid being roped 
into ever new traps of mono-cauaalistic cost-benefit approaches. 
He quotes as a typical example that "...people who make the 
monetary decisions are always quick to bring up the argument



that even if they automated their operations, personnel 
to operate and maintain are still less expensive offshore 
than here in the US."

.-.cccrzur.j. tc _ e -. ir.tr.a_ t::is is r: n u r s e  a valid argument - but it 
-'ails ic viev a ccr.rleie picture t: be taker, ir.tc account w hen

deciding on choice of technology and locational patterns.
After all, this argument would neither take note of such 
hidden costs as the increasingly high costs of transportation, 
the benefits forgone with regard to industrial synergism, and, 
last but not least, the increasing vulnerability to external 
decisions and political unrest.

This last point is particularly underlined by Levinthal: "If 
political turmoil begins to haunt the world, especially in 
these areas where US companies have their assembly operations, 
it would be a desaster for the US semiconductor industry. It 
would be an almost impossible task to immediately begin onshore 
assembly in the event of serious political unrest."

In Levinthal*s view, the US seminconductor industry is already 
highly vulnerable in this aspect in contrast to Japanese firms, 
which, in his view, have wisely avoided this danger. "With the 
new, more vigorous US defense posture", Levinthal adds, "political 
polarization and turmoil are bound to occur. We can expect that 
some countries which now openly welcome the semiconductor industry 
will make greater demands on companies hoping to maintain their 
facilities or open new ones."

No doubt, this analysis does reflect fairly well some of ths 
major preoccupations of US semiconductor firms in a period 
when both the international competition and the economic 
crisis are intensifying. In addition, political 
destabilization is rapidly proliferating in former show-pieces
o f nr; n f f s h ' s o u r c i n g  i n v e s t m e n t  a n d  g o v e r n m e n t s  a n d  t e c h n o c r a t s  

• a r i y  o f f s h o r » -  l o c a t i o n  c o u n t r i e s  like; i n  S i n g a p o r e ,



iaiwan, Mala y s i a  and South Korea already very active
in devising much more aggressive and demanding strategies.
Thus, from the point of view of major US semiconductor manu
facturers, Levinthal is probably right when he concludes:
"If the OS semiconductor industry is to maintain control over 
its destiny it must give serious consideration to investing 
in automation, getting its act ‘back together1, and moving 
assembly processes home."

However, there is reason to doubt whether OS semiconductor 
could or even would like to proceed very far along these 
lines of international restructuring. After all, they are 
not at all alone in this business anymore - of the ten major 
US firms only two can still claim the status of formal 
independence, whereas all the others are to one degree 
or another integrated into huge highly diversified corporate 
giants. Me have extensively documented in chapter 5 
the trend towards an increasing vertical integration in
ternal to huge, highly diversified conglomerates, linking 
together all major sectors of the global electronics complex. 
Let us now discuss some possible future trends in international 
location, as perceived by a highly diversified multinational 
with a focus on information processing.



6.S.3* A Renewed Drive for I n t e r n a t 1 o n a I i z :i t i ? n --the . a j e c 
Siemens

According to Karl Heinz Kaske, president and chief operating 
officer of Siemens, this company is putting grearer emphasis 
on building up its foreign operations, which already employ 
about one third of its 338,000 workers. This would include 
overseas manufacturing, but also certain r+d activities.

This new drive for internationalization comes on top of an 
already high degree of internationalization: the company's 
foreign sales and exports,already in 1980 accounted for around 54$ 
of overall sales worth DM 32 billion (£ 13*3 billion).— ^

What is the logic underlying this renewed drive for internationali
zation? In contrast to the 1960s and the 1970s, the search 
for cheap labour does not seem to be anymore the dominant 
motivation. Rather it is the need to use the new capital- 
intensive equipment efficiently, i.e. to run it, if possible, 
around the clock, without any need to comply to labour or 
environmental regulations. This new strategic focus has been 
clearly underlined by Kaske in a recent statement for the 
Financial Times: "Siemens' strategy is partly influenced by 
the inability to use expensive new capital-intensive equipment 
efficiently in Germany....such equipment needed to be put into 
p country where it could be worked for seven days a week, three 
shifts a day, and that country is not the Federal Republic of 
Germany."' —

In the not too distant future a second motivation might increasingly 
gain in importance: it relates to the need for worldwide recruiting 
of qualified but relatively low-cost engineers. In fact, electronics 
companies in West Germany are facing increasing difficulties 
tj find qualified engineers, even at relatively high wage levels.

A case in point would be the plaia of Siemens »announced in December 
1980,to shift its Random Access Memory (RAM) wafer fabrication 
to Villach, Austria, from Munich. The new 4-0,000-sq.ft. plant



will cent: the company S3 25 million. Electronics News of 
1 December 1980 quotes Siemens engineers according to whom 
this move was mainly due to the need to take advantage of 
"good and lower cost engineers".

As some of the major export platform countries, both in the 
European periphery (Ireland) and in South East Asia (Singapore,
Taiwan and South Korea) are about to expand significantly 
their training programmes for electronics engineers, computer 
programmers and systems analysts, —  ̂ this sourcing for low-
cost electronics engineers will increasingly be geared to 
these locations.

In the final analysis, this new kind of internationalization
drive results from the increasing emphasis which companies
like Siemens since the beginning of the 1970s have been
laying on productivity improvement through the introduction
of heavily capital-intensive equipment. In other words, international
restructuring and innovation have been linked in a-very specific manner.

Since 1976, Siemens in fact has been cuttingbiick sharply its work force ,
doing away with about 10,000 work places. At the same time annual
capital expenditure has been increased to DM 2.2 billion in 
1980 and the company is planning to maintain if not to in
crease this level of capital formation during the years to 
come. — ^

Such a productivity-oriented strategy obviously has its hidden 
costs, i.e. the vastly increasing recruiting requirements for 
highly qualified engineers and the dramatic increase of 
equipment costa. It seems as if management, when it originally 
conceived this strategy, underestimated these negative side- 
effects.

In other words, automating industrial production in classical 
OECD locations seems to run into certain substantial constraints 
due to the lack of low-cost skills and the limits to cash in 
on expensive equipment as rapidly as possible. This seems to 
apply #ven to certain areas of high-technology production,



liks in the fields of semiconductor and telecommunications pro
duction - but we still need more systematic research on this 
important topic.^-/

to
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What scope does exist for developing countries to transform, 
both individually and collectively, their existing segmented 
worldmarket-oriented chip assembly lines into an increasingly 
integrated electronics industry which could be subordinated 
to the specific requirements of these countries?

Our research forces us to conclude that this is a very 
remote possibility indeed - at least if developing countries 
continue to rely nearly exclusively on OECD-based firms 
and their willingness to redeploy production facilities 
and technologies.

Within such a strategy of passive and unselective worldmarket 
integration, only a handful of countries could expect to 
keep some offshore chip assembly lines within their borders 
and to upgrade them into more integrated patterns of a 
national electronics industry.

Obviously, only those countries could qualify as candidates 
for such a strategy which, in addition to their export-oriented 
chip assembly plants, have already established a more than 
embryonic network of capital goods industries. That would 
exclude for instance a country like the Philippines which is 
booming in chip assembly plants, but is practically devoid 
of any serious capital goods base. Overall, no more than 1 5 - 2 0  
countries would probably belong to tnis category. — '

For these countries then the question of immediate concern 
would be, under what conditions they could hope to achieve 
a sufficient transfer of production activities of an increasingly 
complex technological nature.

Three points should be underlined in this context:



(a) For some ma.ior electronic components and systems firms 
in the US, Japan and Western Europe, it might indeed 
be rational to transfer, albeit in a strictly selective 
manner, relatively advanced microelectronic technology 
to a few industrial growth poles in Latin America, South 
East Asia, the Middle East and the Mediterranean area.
In addition to access to some regional "future growth 
markets", four factors seem to be of particular importance:

- The availability of cheap and doci' a, but highly skilled 
labour and engineers (availability of low-cost skills and 
brains);

- The need to run extremely expensive equipment practically 
around the clock, i.e. to maximize its overall annual 
utilization and to minimize possible "down-times'1. Pending 
further major technological break-throughs in robotics, 
for instance with regard to sensors, transducers and 
actuators, it might well be profitable to run NC machine 
tools worth jS 75,000 to % 100,000 on a multi-shift ’oasis 
in a free export zone, say in Malaysia, where labour 
regulations are extremely soft and unions practically do 
not exist.

- In some industrial growth poles of NICs there might be 
less resistance of the labour force against the necessary 
experimenting with new forms of organizing the production 
process, and particularly with regard to the gradual 
introduction of robot.'? and flexible machining systems.
In other words, some of the relatively untouched industrial 
locations in a couple of NIGs might be perceived by multi
national corporations* headquarters management to be an 
excellent testing ground for developing strategies and 
tactics of introducing these new technologies into industrial 
production based in the OECD region.





- The availability of low-priced, i.e. aighiy subsidised 
infrastructure and a minimum of regulations with regard 
tc environmental and labour standards, are probably be
coming of increasing importance for in^ ;ance for wafer-

S 8 /fabrication and silicon foundries. ~

(b) With regard to technological spin-offs and learning effects, 
and with regard to international competitiveness, there 
will be no doubt some positive effects.

This would apply for instance to learning effects for 
supervisory and technical support management functions. 
International competitiveness might be achieved with regard 
to certain market niches: assembly subcontracting; silicon 
foundry and partiuclarly wafer-fabrication subcontracting 
geared to regional markets.

Yet three questions remain to be answered:

- Will these new export markets be of a viable nature? In fact, 
demand on these markets tends to vacillate excessively,
the nruuuGr of competitors will rapidly expand, and it 
is not at all sure whether these markets will not disappear 
soon. Further, the present pattern of international sub
contracting for instance with regard to assembly, are 
due to the existence of certain technological bottlenecks, 
which, given the high speed of innovation in these areas, 
might soon be removed.

- What are the complementary social costs involved?

- What will be the impact for strategies of transition to 
a more self-reliant development pattern?

The available evidence would seem to indicate that all of
these three queetions would have to be ansv^red in the

. . 5 9 /negative.



(c) The scope for a policy of import substitution and export 
promotion in he field of complementary services, for in
stance software and computer services, seems to be limited.
For developing countries to pursue such a policy, this 
would require a combination of selective protectionism 
and export promotion, either on a national scale or as part 
of collective self-reliance arrangements.

Yet, pressure is increasing to subordinate trade in services 
under GATT rules. According to the US special trade repre
sentative, Bill Згоск, .free-trade in services is a 
priority aim."—  The same message can be found in the 
fe.rent plea for free trade in electronics by Robert Noyce, 
Vice-Chairman of Intel at the 1981 Financial Times Worldo1 /Electronics Conference. —

Even if we would assume that there would be sufficient scope 
for promoting the export of software, the second question 
would be whether it would really pay off to focus on soft
ware exports. Take for instance the policy of the British 
Department of Industry to promote the marketing overseas 
of software used in the Prestei View Data System and the 
software marketing efforts of the States-based INSAC con
sortium in the UK. According to the Financial Times, "...soft
ware on its own is not a big revenue-earner, like the plot 
of a novel, it is little more than a collection of ideas 
whose full value is realized only when it is packaged as 
a finished product. A bestseller makes more money for 
the publisher than for the author. In .just the same way, 
the electronics industry's fattest rewards go to the 
companies which turn an idea into a manufactured product,
rather than those who thought of the ■•'’.-с» in too first, „62 / place. —

Instead of relying exclusively on software sales, real 
profits could only bo reaped by including hardware sales, for 
instance terminal«-. The Financial Times concludes that,
"by emphasizing software salea, Britain ia not only failing



to maximize the commercial return on its technological 
assets. It is also jeopardizing its international com
petitive position. When Japan's computer industry steps 
up its export drive to Europe - as seems certain io happen - 
it will be no consolation that its machines contain British 
know-how. ...Britain's current approach looks disturbingly 
like a formula for a new kind of brain drain. " ~

If this analysis of the Financial Times' computer expert 
is assumed to be correct for a country like Great Britain, 
how much more would such an evaluation apply for countries 
like Brazil, Singapore or South KoreaI
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Today it is more urgent than ever before to understand how 
control over technology and international restructuring 64/in industry are interlinked. It has been shown elsewhere 
that much depends on who are going to be the dominant 
actors in this game, and that without a theory of the 
international economic crisis it will be impossible to 
link together technology, demand and structural change in 
world industry.

It is in this context that we are now going to discuss some per
spectives for international transfer of technology and 
industrial restructuring for the 1980s. In particular,
we will deal with two q u e s t i o n : :

- Is the consensus among privileged actors of international 
restructuring of industry running into increasing constraints?

- What options are available for OECD countries and what 
is their scope for implementing these strategies?



0 . 6 . 1 .

During the 19603 and during most of the 1970-, major actors 
by and large viewed prevailing patterns of international 
transfer of technology and industrial restructuring as "functional" 
for their goals and long-term interests.

Take for instance firms based in major OECD countries. For 
them, tha balance was fairly positive: trade increased; 
surplus petrodollars were effectively recycled into demand 
for goods produced by OECD-based firms ; offshore investment 
in low labour cost countries allowed them to compress labour 
costs and counter the decline of productivity growth in 
home locations ; the capital goods sector was able to bene
fit considerably from technology transfers to developing 
countries ; and, finally, the trade balances of the major 
OECD countries vith non-OPEC developing countries improved.

Yet, negative side effects could not be denied, e v e n  

in the hardcore growth areas of the OECD. In fact, the 
destruction of jobs, the devaluation of skills and the 
relative ae-industrialization, both geographically and sector-vise 
did increasingly create serious economic and political problems for 
these countries and were thus perceived to be important ocnabreinte to the 
continuation of this type of international transfer of 
technology.

Tha balance was even more negative for a growing number of regions in
the Third World where the increasing import of technology 
o-iginating from QECD-countries, rather than initiating a 
process of "modernization",«caused tremendous economic and 
social deformations which, not only in the case of Iran, 
prepared the way to chaos and socio-economic retrogression.

Increasing Constraints to a Consensus Among Privileged Ajicra



B u t  o v e r a l l ,  it r e m a i n s  t r u e  t h a t  t h e  p r e v a i l i n g  m o l e s  of 

i n t e r n a t i o n a l  t r a n s f e r  o f  t e c h n o l o g y  a n d  i n t e r n a t i o n a i  i n v e s t 

m e n t ,  i . e .  t h e  d o m i n a n t  p a t t e r n s  o f  " i n t e r n a t i o n a l  i n d u s t r i a l  

r e s t r u c t u r i n g " ,  d i d  n o t  r u n  i n t o  b a s i c ,  t r u l y  a n t a g o n i s t i c  

c o n t r a d i c t i o n s  b e t w e e n  m a j o r  p r o t a g o n i s t s .

B u t  t h i s  m a y  r a p i d l y  c h a n g e .  In f a c t ,  t h e  g o l d e n  a g e  o f  

i n t e r n a t i o n a l  t r a n s f e r  o f  t e c h n o l o g y  w i t h  i t s  r e l a t i v e  h a r 

m o n y  a m o n g  p r i v i l e g e d  a c t o r s  m i g h t  s o o n  g i v e  w a y  t o  a s e r i e s  

o f  n e w  a n d  b a s i c  c o n t r a d i c t i o n s .

V i e w e d  f r o m  t h e  t e c h n o l o g y  e x p o r t e r ' s  p e r s p e c t i v e  t h e  p r o c e s s  

o f  t r a n s f e r r i n g  a n d  d i s s e m i n a t i n g  t e c h n o l o g y ,  o n c e  s t a r t e d ,  

c o u l d  i n c r e a s i n g l y  e r o d e  h i s  c a p a c i t y  t o  c o n t r o l  t h e  t e c h n o 

l o g y ,  i . e .  t o  r e m a i n  i n  a p o s i t i o n  o f  t e c h n o l o g i c a l  d o m i n a n c e .

W h e t h e r  o r  n o t  t h i s  w i l l  o c c u r ,  d e p e n d s  o n  a c o u p l e  o f  f a c t o r s  

i n f l u e n c i n g  t h e  i n t e r n a t i o n a l  d i f f u s i o n  o f  t e c h n o l o g y  a n d  

i n n o v a t i v e  c a p a c i t i e s .

In a r e c e n t  s t u d y ,  t h e  O E C D  s e c r e t a r i a t  h a s  i d e n t i f i e d  t h r e e
65/m a j o r  c o n c e r n s  o f  t e c h n o l o g y  e x p o r t e r s :  —

- T o  w h a t  d e g r e e  h a s  t h e  i n t e r n a t i o n a l  t r a n s f e r  o f  t e c h n o l o g y  

c o n t r i b u t e d  t o  a s t r e n g t h e n i n g  o f  t e c h n o l o g i c a l  a n d  

i n n o v a t i v e  c a p a c i t i e s  i n  at l e a s t  s o m e  N IC s ?

- W i l l  T h i r d  W o r l d  m a r k e t s  c o n t i n u e  t o  i n c r e a s e  t h e i r  

i m p o r t a n c e  f o r  O E C D - b a s e d  fi-'ms a n d ,  i f  s o ,  w h a t  r o l e  w i l l  

t r a n s f e r  o f  t e c h n o l o g y  h a v e  t o  p l a y  as a m a r k e t  p e n e t r a 

t i o n  i n s t r  \iment?

- W i l l  it b e  p o s s i b l e  t o  g e n e r a t e  t h e  f i n a n c i a l  r e s o u r c e s  

n e e d e d  t o  t r a n s f o r m  t h e  p o t e n t i a l l y  i n f i n i t e  i m p o r t  n e e d s  

o f  d e v e l o p i n g  c o u n t r i e s  i n t o  e f f e c t i v e  d e m a n d ,  i . e .  u n d e r  

w h a t  c o n d i t i o n s  a n d  f o r  w h a t  t y p e  o f  c o u n t r i e s  w i l l  it b e  

p o s s i b l e  t o  s e c u r e  a s u f f i c i e n t  c a p a c i t y  t o  i m p o r t  t e c h n o 

l o g i e s  f r o m  O E C D - b a s e d  f i r m s ?
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In t h e  c o n t e x t  o f  t h e  p r e s e n t  c r i s i s ,  it is d i f f i c u l t  t o  g i v e  
a n  u n e q u i v o c a l  a n s w e r  to t h e s e  q u e s t i o n s .  B u t  if is p o s s i b l e  

t o  o u t l i n e  t h r e e  m a j o r  t r e n d s  w h i c h  m i g h t  c h a n g e  c o n s i d e r a b l y  

t h e  i n t e r n a t i o n a l  d i s t r i b u t i o n  o f  e c o n o m i c  a n d  p o l i t i c a l  p o w e r :

- &  q u a l i t a t i v e  i n t e n s i f i c a t i o n  o f  i n t e r n a t i o n a l  t r a d e  c c n p e t i t i

- 1e w  c h a l l e n g e s  t o  t h e  t e c h n o l o g i c a l  d o m i n a n c e  o f  O E C D - b a s e d  fi

- r e c e n t  c h a n g e s  i n  t h e  f a c t o r s  c o n d i t i o n i n g  t h e  e x p o r t  o f  c a p i t  

g o o d s  a n d  t e c h n o l o g i e s  t o  d e v e l o p i n g  c o u n t r i e s .

( a 1 A q u a l i t a t i v e  i n t e n s i f i c a t i o n  o f  i n t e r n a t i o n a l
t r a d e  c o m p e t i t i o n

T r a d e  c o m p e t i t i o n  f r o m  t h e  T h i r d  W o r l d  d u r i n g  t h e  1 9 7 0 s  

h a s  c o m e  f r o m  c o u n t r i e s  w h i c h  w e r e  o n l y  r e l a t i v e l y  u n i m p o r t a n t  

c u s t o m e r s  f o r  c a p i t a l  g o o d s  a n d  t e c h n o l o g y  o r i g i n a t i n g  f r o m  t h e  

O E C D .  T a k e  f o r  i n s t a n c e  t h e  f o u r  m o s t  i m p o r t a n t  " e x p o r t  

p l a t f o r m "  c o u n t r i e s  o f  t h e  T h i r d  W o r l d ,  i . e .  H o n g  K o n g ,

S o u t h  K o r e a ,  S i n g a p o r e  a n d  T a i w a n .  T h e y  h a v e  ' on p r o v i d i n g  

r o u e h l y  t w o - t h i r d s  o f  m a n u f a c t u r e d  i m p o r t s  f r o m  d e v e l o p i n g  

c o u n t r i e s  i n  r e c e n t  y e a r s ,  b u t  t h e i r  s h a r e  i n  t o t a l  e x p o r t s  

o f  c a p i t a l  g o o d s  f r o m  O E C D  t o  d e v e l o p i n g  c o u n t r i e s  r e m a i n e d  

l o w  d u r i n g  t h e  w h o l e  p e r i o d :  in 1 9 6 8  t h i s  s h a r e  w a s  8 . 1 ?

a n d  in 1 9 7 7 , t h e  l a s t  y e a r  f o r  w h i c h  f i g u r e s  a r e  a v a i l a b l e ,  

it h a d  i n c r e a s e d  t o  n o t h i n g  m o r e  t h a n  8 . 9 ? .  I n  t h e  s a m e  

p e r i o d ,  f i v e  m a j o r  O P E C  c o u n t r i e s ,  i . e .  S a u d i  A r a b i a ,  I r a n ,  

V e n e z u e l a ,  N i g e r i a  a n d  A l g e r i a  i n c r e a s e d  t h e i r  p a r t  i n  O E C D -  

e a o i t a l  g o o d s  e x p o r t s  t o  t h e  T h i r d  W o r l d  f r o m  1 2 . 2  t o  2 8 . 1 ? .  —

T h e  s t u d y  is p r o b a b l y  r i g n t  i n  c o n c l u d i n g  t h a t  " . . .  O E C D  

c o u n t r i e s  h a v e  so f a r  b e e n  a b l e  to p r o t e c t  a n d  e v e n  s t r e n g t h e n  

t h r e a t e n e d  i n d u s t r i e s  w i t h o u t  r i s k  o f  d i r e c t  r e t a l i a t i o n  

a s  t h e  c o u n t r i e s  i m p o r t i n g  m o s t  t e c h n o l o g y  d i d  n o t  p r o d u c e  

o n  a v e r y  l a r g e  s c a l e  f o r  e x p o r t  ( l a r g e  d o m e s t i c  m a r k e t s ,  

t y p e  o f  p r o d u c t ,  r u n n i n g - i n  t i m e  r e q u i r e d  f o r  p l a n t  a n d  

e q u i p m e n t ) . "  in o t h e r  w o r d s ,  t h e  m a j o r  r e c e i v e r s  o f  t r a n s f e r  

o f  t e c h n o l o g y  f r o m  t h e  O E C D ,  s u c h  as B r a z i l ,  M e x i c o  a n d  

A r g e n t i n a  in L a t i n  A m e r i c a ,  T n d i a  in A s i a ,  a n d  m a j o r  O P E C  

c o u n t r i e s  a r e  s t i l l  n o t  i m p o r t a n t  c o m p e t i t o r s  f o r  w o r l d  

e x p o r t  m a r k e t s .  B u t  t h i s  is b o u n d  to c h a n g e ,  a:; g r o w i n g



export-orientation is inevitable, if only because of the 
technology-built-in pressure to realize economies of scale.
To quote again the OECD study:
"There are no guarantees that this favourable situation will 
continue. As industrial development advances in countries 
with large domestic markets, the need for sophisticated 
technologies will increase and there will be increasing 
pressures to pay for such imports by exporting manufactured 
products, or further increasing international borrowing 
with attendant debt-servicing nroblems. A re lewed swing 
towards export promotion policies is one way of financing 
imports of technology. The exact effects of this evolution 
will depend on whether increases in exports and income 
outweigh losses of markets and imports and how successfully 
the adjustment process 'forks in OECD countries." —

In other words, even the most powerful multinational corporations 
might frequently be confronted with situations where trade 
competition becomes an increasingly "tricky affair", full 
of trade-offs for which practically no reconciliation would 
seem possible. № is is due to the fact that at least a few 
of the new competitors, like some OPEC countries and NICs, 
cannot anymore be so easily pushed around as this was possibleD £ /with the classical 'export platform' countries. —

On the other hand, the position of OPEC countries and NICs 
off late seems to have considerably deterioriated. This 
would be due to the combined impact of a softening world 
petroleum market and the debilitating impact which the 
present economic crisis has even on those NICs which, like 
Brasil and South Korea, only a few years ago seemed to 
abound with unbeatable vitality. —  'it is hard to judge how this 
will influence patterns of international trade competition 
for specific industrial sectors. Suffice it to say here 
that overall the multipolarlsation of international trade 
competition for industrial producta cannot be stopped



anymore and that this ia indeed a considerable challenge for 
OECD-based multinational corporations.

(b ) N e w  c h a l l e n g e s  t o  t h e  t e c h n o l o g i c a l  d o m i n a n c e  o f  O E C D - b a s e d  
firms

A p a r t  f r o m  m a t u r e  a n d  s t a n d a r d i z e d  t e c h n o l o g i e s ,
OECD-based firms have been able to keep effective control 
over technology transfers and integrate them into their 
worldwide trade and production strategies.

A c c o r d i n g  t o  t h e  O E C D  s e c r e t a r i a t ,  t h i s  t e c h n o l o g i c a l  d o m i n a n c e

of CECD-based firms is bound to be increasingly challenged: 
"...it will become more difficult to control technology 
as the number of sources increases and the diffusion of

TO/technology accelerates both vertically hnd horizontally." —
T h e  r e a s o n s  a r e  o b v i o u s :  In s p i t e  o f  t h e  e x t r e m e l y
h i g h  s o c i a l  c o s t s  o f  t r a n s f e r  o f  t e c h n o l o g y ,  a l e a r n 

i n g  p r o c e s s  t o  r e c e i v e  a n d  a d a p t  t e c h n o l o g y  i m p o r t s  
is certainly u n d e r  w a y  in a number of growth regions in the 
Third World. Adaptation engineering skills are developing 
which would allow to lower the real cost of imported technologies 
and enable local firms to reap economies of scale that may 
facilitate entry to new domestic and foreign markets.^/, There 
has also been some improvement of the ability of local 
engineering firms t~< participate in the more complex 
engineering tasks, particularly in resource-based industries. 
Potentially at least, this could mean that for a growing 
number of technologies,the speed of international transfer 
might increese and that former technological advantages 
of OECD-bae.ed firms could be eroded away. This in turn, 
according to the OECD study, would mean: "...losses of 
export markets when restructuring of industrial activities 
is involved; industries in member countries may not expect 
major increases in export shares in such industries. Further
more, there is the possibility of keener competition in 
OECD and third markets." '



( c ) C a p i t a l  goods exports to developing countries and transfer 
of t e c h n o l o g y  - possible future ~ r e n d s

During the 1970s, capital goods manufacturers in the OECD region, 
particularly the producers of infrastructural equipment and of large 
scale equipment and turnkey plants, were increasingly compelled to 
look for nev growth markets outside the OECD region. X X  
Capital investment in the industrialized
market economies slowed dovn considerably at the same time as OPEC 
countries began importing huge amounts of infrastructure.capital 
goods and turnkey factories. In addition, a handfull of non-oil 
exporting developing countries w i t h  r a p i d l y  e x p a n d i n g  industrial activities, 
..he so-called NICs continued ~o rely h e a v i l y  on the imnort c°rital goods 

b y  bo r r o w i n g  extens i y e l v  of the E u r o - d o l l a r  and Asia-dollar market.

Ibis internationalization of the capital goods buiness has been 
particularly prominent for the huge highly diversified multinational
corporations dominating these markets. Take for instance, General Electric

Jk_/
(GE). It is a major exporter in the US - in five of the last 7 years 
the company has topped the US league of exporters. In 1900,
G E  had 38? oi its $ 2 h . 6  b illion sales and h 2 %  of its $1.5 billion 

in net profits from international business. Total exports in 1980, 
by GE's domestic businesses, were $ U.3 billion , giving the company a 
$ 1 billion positive trade balance.

Bie economics of penetrating the potentially huge markets for 
infrastructure, heavy equipment and complete industrial complexes in 
a handfull of OPEC countries and NICs has been rapidly changing during 
the last years. Viewed from the perspective of m u l t i n a t i o n a l  corporations 
headquarters ' management three questions are of key importance:

- 9oes the company have the capacity to organize the export 
of whole systems of infrastructure and industrial 
production, including those segments of technical 
knowledge needed to run and maintain them?



-Is. the company capable to show sufficient flexibility vith 
regard to contractual arrangements, particularly for sub
contracting patterns and for devicing compensatory trade 
schemes (counter-trade arrangements)?

-Is it possible to mobilize sufficient credits, both private 
and public ones, and can one count on government support?

Take again the example of GE. Its executive responsible for
international operation, Bob Frederick strongly feels that technology
is the key to GE's future as an overseas manufacturer. " Where we
have special strengths in technology, ve feel most confident about ent e r i n g  

75/
m arkets" —  he says. Turbine t e c h n o l o g y  has m  the past p r o v i d e d  just such 

a lead.

In fact, GE remains extremely veil positioned to take a driving 
seat in the industrialization of developing countries. It is able. 
to offer products and technology useful to an economy from the earlier 
stages of industrialization (light bulbs and power generation) through 
an intermediate stage (locomotives) and on to consumer society 
sophistication (appliances and perhaps information processing). In 
applying these strengths, GE has also a veil-established pattern of 
moving from a position of direct exporter to Joint venture to 
domestic manufacturer.

Of course, t e c h nological s t rength is a high l y  perishable good.

In other words, huge amounts of m o ney have to he constantly i n vested to 

up-grade and restructure it. li‘ fact, lea d i n g  capital goods firms,’ 

in c l u d i n g  GE, have been increa s i n g l y  using their enormous financial muscle 

to s t r e ngthen their overall t e c h n o l o g i c a l  capacities, p a r ticularly in 

m i c r o e l e c t r o n i c s  and robotics.

Vith regard to finance and structural flexibility, let us take
GB's recent deal to sell $lU2 million of steam turbine generating
equipment for a Romanian nuclear power station. The deal provides
for an 8t export-import loan, which GE will eke out from it« own

, - 76/resources to offer 7.^5f money to the Romanians.



In addition, GE was able to get the US Government's authorization 
for a $120.7 million Export-Import Bank Loan for Romania at a time 
vhen the Reagan Administration vas proposing a 32£ drop in the agency's 
1982 budgec which clearly documents the importance of this type of 
complementary funding. With regard to barter counter-trade, GE 
accepted to sell a large quantity of Romanian industrial goods over 
an 11 year period, probably mainly in Third World countries. In the 
fined analysis ,GE was able to match competing offers, particulail • 
from French firms, not because of superior technology, but because 
of available finance and its willingness to undertake counter-trade 
arrangements.

Other factors which, during the 1970s, used to be of importemce 
for large-scale capital goods exports to the Third World, like the 
availability of huge numbers of skilled and semi-skilled manual workers 
originating from the homecountry and willing to Join the on-site work
force abroad, have been rapidly loosing in importance. In fact, contractors' 
hiring patterns will continue to shift away from expatriates, not only 
for skilled and semi-skilled n \nual workers, but increasingly for middle- 
level engineers and other professional staff, except a handfull of 
engineers and project managers controlling the key co-ordinating functions. 
This will be so for three reasons :

-  Firs t,  and foT'oir.ost, m u l t i n a t i o n a l  f o r n r ' i t i o n :  based in th"

US and Western Europe are facing increasing difficulties
to find those workers and engineers, who would be adequately 
skilled, would be "disciplined" enough and would be 
willing to accept the harsh working and living conditions 
of a globally mobile on-site workforc - - at least at 
the wage levels companies are ready to pay.

- Second, a growing number of developing countries is 
competing in the packaging and exporting of extremely 
cheap and docile workers. The pioneers have been some 
South Korean firms, like Hyundai, Daelim and Dong Ah, 
which, based on their experience during the Vietnam War 
a3 contractors to the US Army, have exported low-priced 
construction labour crews, mostly organized in a kind of
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para-ailitary fashion, to sites in the Middle East, hut 
also to Africa and Latin America. Today, 've Korean firms 
are under increasing pressure from even lover-range countries 
like India, Thailand and the Philippines vhich have also 
entered the labour-export business. The latest development 
has been the entrance of the PR China vho is nov offering 
crevs of trained vorkers ibr monthly vages (based on a U8-hour 
veek, no holidays) of $ 300-450.

- Third, some of the NICs and OPEC countries,vho for economic
or geo-political reasons vere able to strengthen their bargaining 
power, have been increasingly insisting on foreign contractors 
to hire and train national engineers and vorkers.

The aforementioned changes in the economics of penetrating the 
markets for large scale equipment in some growth areas of the Third World 
have one basic common denominator - increasingly these markets have 
become closely watched government procurement markets. This vould apply 
in fact to a number of the high-grovth countries of the Third World, 
vith the exception of Argentina and Chile in Latin. America, and some 
extremely "open door" export- platform countries in South-East Asia, 
particularly Hong Kong. Viewed from the perspective of multi
national corporations, these kinds of problems have been a feature of 
doing business in Western Europe for years, of course, but it is nov
obvious that the same conditions are fast developing in some of the

78/more important markets in the TMrd World.



ions6.6.2. Strategic es

What are the strategic implications drawn by the OECD secre
tariat, i.e. what priorities are suggested for innovation 
policies and industrial restructuring?

(a ) The new OECD Doc t r i n e  of Industrial R e s t r u c t u r i n g

The two basic documents on this issue prepared for the OECD- 
Meeting of the Committee for Scientific and Technological 
Policy at Ministerial Level (Paris, March 1981) —  are very 
outspoken on the role of innovation for international com
petitiveness: "...a capacity for innovation in manufacturing 
and related services will be vital for competitivenoss

R d famongst OECD countries in the 1980s".—  Technological 
competition will intensify, both with regard to intra- 
QECD rivalry and in relation to the NICs. Technological 
protectionism wirl have a role to play - but it should be 
implemented in a very selective way, focussing on key 
technologies and hardcore knowledge. In addition, it needs 
to be complemented by a revitalization of innovative capacities. 
If firms originating from the OECD-region are to retain 
their technological dominance, "...the rate of renewal 
of technology held by the North must offset the acceleration 
of technological obsolescence coming from transfers to the 
South."~/

lfce following priority areas and prerequisites are identified:
"a strong base in oapital goods, procese engineering, fine 
materials, or automatic assembly, dependent on formally 
established 3&D and design, and on tha ability to mobilise 
and assimilate technologies from a wide renge of sectors, 
especially electronics; strong links with academic research 
and with the maxket; highly trained managers, engineers 
and workers; the continuing commitment of resources to 
innovative activities, even in unfavourable conjuncture! 
cirouastances."

Thus,it ia expected that "the degree of flexibility of 
tha industrial system to respond to changing opportunities 
end constraints" ^  will considerably increase, which in 
turn would improve the chsnces to overcome the present



The main actors behind this type of "innovation renaissance" 
would be private firms and "...one of the main objectives 
of government policy must be to create a framework in which 
market incentives stimulate the innovative capacity and 
performance of firms". —

If this prescription of the OECD secretariat could be 
effectively implemented, a slowing-down of the multipola
rization trends of international economic relations might 
take place. This would not only apply for relations between 
OECD countries and NICs, but also for OECD-COMECON relations 
and intra-OECD rivalry.

Yet, it remains to be seen whether such a strategic concept 
of interlinking innovation and industrial restructuring 
will really work. In fact, I would tend to be rather scep
tical for at least two reasons:

- First, the constraining impact of the present economic 
crisis ~n innovation;

- Second, the incapacity uf major OECD countries to implement 
a concerted approach.

(b) Try; Snt/act o f  the ¿..-onor.ie Criair.

The present economic crisis has had an important constraining 
impact on innovation. In fact, the OECD secretariat is very 
outspoken on this point: "Obviously, technological renewal 
car. cniy taka place if economic conditions are favourable.
But the outlook at present is not conduciw  ̂to taking the 
risks associated with uncertain innovation." —-

Thera are two main constraining factors involved: the high 
and growing rate of inflation and stagnant investment,



particularly investment into machinery and equipment. 
According to Fill, —  in a capitalist economy the rate of 
inflation is probably the best indicator of uncertainty 
about the future. With high rates of inflation (th* latest 
figures for the OECD area putvham at rougfrLy 14$) , potential 
investors in general will hesitate to invest their money 
into 'new technology' issues with their inherent high un
certainty and risk. Of course, one could argue that the 
recent run of US venture capital into high technology issues 
countordict8 this argument and that it will proof to be 
more than just an ephemeral flash in the pan.~ In any 
case, high inflation rates arj bound to provoke restrictive 
monetary policies with high interest rates and that is 
exactly what happened in all major OECD countries, par
ticularly in the US. High interest rate3 in the context 
of crisis can in fact become an important constraint for 
non-speculative investment - this has been amply testified 
by the experience of the first half of 1981n

This brings us to our second point, i.e. stagnant investment. 
Innovation in fact requires huge investment outlays, but 
private investment has been virtually stagnant sinco the 
first oil price rise (See table -.1 ).



Tabt6.io "Privata Investment Perforane« in Eight OECD 
Countries. I960 - 1978

Country

Average
business
ment

growth of 
invest-

Share of private mach
inery and equipment in 
total private invest
ment (a) fvolume)

1960-73 1973-78 I960 1968 1973 1978
United States 4.9 0.7 36.9 43.8 44.9 49.0
Japan 14. 3 .0 50.0b 51.7b 59.7b 55.6"
Germany 4.2 -0,2 34.7 39.1 42.9 48.6
Prance 7.2 0.2 43.6 46.1 50.3 52.5
United Kingdom 4.0 3.5 47.4 46.7 51.3 52.3
Italy 4.6 -1.2 38.8 37.6 46.7 48.0
Canada 6.0 • 2.4 34.1 37.7 40.0 41.3
Sweden 4.1 -2,8 40.6 41.9 46.3 47.2"

a. D a t a  n o t  c o m p a r a b l e  b e t w e e n  c o u n t r i e s .  F o r  F r a n c e ,  
t h e  U n i t e d  K i n g d o m ,  I t a l y  a n d  S w e d e n ,  t o t a l  m a c h i n e - y ,  
t r a n s p o r t  a n d  o t h e r  e q u i p m e n t  e x p r e s s e d  as a p e r c e n t a g e  
o f  g r o s s  f i x e d  c a p i t a l  f o r m a t i o n  i n  i n d u s t r i e s .  It is 
a s s u m e d  t h a t  g o v e r n m e n t  i n v e s t m e n t  is i n  n o n - e q u i p m e n t  
i t e m s .

b. J a p a n e s e  f i g u r e s  a r e  o n  a f i s c a l  y e a r  b a s i s .

c. T h e  r a t i o  r e a c h e d  a l m o s t  52 p e r  c e n t  in 1 9 7 T .

Sources: OECD Rational Accounts: Annual Report on Rational
Iq o o i m  Statistics of Japan, aa presented in GECB; 
Economic Oitlook. December 1979, quoted fro«: 
u w d  - “Hortb-aouth Technology Transfer: The Issue 
of feedback Effects'*, p. 113

According to the OECD-Interfutures project, this slsek in 
priest# invsattisnt which exists despite a relative abundance 
of savings, is due to insufficient desand for investment 
funds. lbs re is not jet anj convincing theory on which 
factors are asinly responsible for this insufficient pro
pensity to invest, but three factors a m  definitely involved:

- dadi aiñg real profitability of industrial investment, at
] east, f o r  i m p o r t a n t  s e c t o r s ;



- increasing problems to avoid very costly excess capacities 
which are mainly due to the technology-built-in inflexi
bility of existing production structures to adapt to 
market fluctuations;

- the perceptimof a majority of potential investors that 
risks of investment are rapidly getting out of control 
and that this would be not only due to inflation, energy 
prices and variable exchange rates, but also due to 
changes in industrial relations and in political power 
structures.

In any case, there is much reason to believe that stagnant
investment is not just a conjunctural, but a structural

9 0 /phecoseton . —  The conclusion drawn by the OECD secretariat 
sounds convincing indeed: "There is t>.ua a great risk that 
firms will not innovate at an adequate rate, but that they 
may prefer to wait until the business outlook clears. Further
more, it is not evident that measures being taken to 
stimulate innovation are suited to the alow and difficult 
economic situation which confronts us." ^

( c  ) Constraints + . c .  i : , *■ T-a-OECD Co-operation

Even if we would assets that the economic foundation for 
this type of strategy would exist, i.e. a "healthy" investment 
climate, the problem would remain whether at least the 
major countries of the OBCD region rould b* able to achieve 
a concerted approach and implement effective intra-OECD 
cooperation. — ' But this is hardly a realistic perspective.
In fact, intra-OECD rivalry is the nano of the game both

93/for innovation and international restructuring of industry^-  
and this is also reflected in the increasing difficulties 
of major OECD countries to arrive at workable compromises,



a t least for short-term. crisis management. There are two 
recent examples:

- the outspoken disengagement of the Reagan administration 
from the OECD secretariat's attempt to promote government
intervention in SiT policy and to strengthen intra-OECD

Qh/cooperation; —

- the failure of the Western Summit at Ottawa to arrive at 
a minimum consensus on how to proceed with anti-crisis 
management and its complete silence on problems of industrialG -; /restructuring.—

. 6 .3 . ’ c r s  tK'Ct i vej

To conclude, the failure of concerted action to regain 
technological dominance along the lines of the OECD secre
tariat' s recommendations, will put individual OECD countries 
rinder increasing pressure to search for individual and 
short-term gains. Rather than accepting to adapt to the 
forthcoming transformations of existing international 
economic and political power relations, at leaat the 
major OECD countries will try to "fight it out on their 
own",if necessary by means of "fuitaen avanf-strategies, and 
to take increasingly recourse to cut-throat technological 
competition and protectionism.

Thus, viewed from a Third World perspective, the future 
of international restructuring of industry end of the 
related international flows of technology looks rather 
bleak. It remains to be seen, whether developing countries, 
both collectively and individually, will be able to anti
cipate these developments in time and thus, aa for instance 
a recent UNCTAD study has proposed, increase industrial 
cooperation among themselves, including trade, technology 
and finance. —



CHAPTER 7.

I N N O VATION AND I N T E RNATIONAL R E S T R U C T U R I N G  

"F I N DUSTRY IN A PERIOD OF CRISIS - SOME 

T E N T A T I V E  C ONCLUSIONS D R A W N  F R O M  THE 

E X P E R I E N C E OF S E M I CONDUCTOR M A N U F A C T U R I N G



I n n o v a t i o n  a r. i I n t e r n a :; i c n a l  R e s t r u c t u r i r . g  :f I n d u s t r y 

I n  3. i '¿riOu o I__w r i s  i s — u O U c  ieiiudtivc; C o n c i. u. ss i o n s 'j r a V n
fror. t h e  E x p e r i e n c e  o f  S e m i c o n d u c t o r  M a n u f a c t u r i n g

n a s i e  .♦.ess a g e  o f  t h i s  frfudy

What have been the driving forces behind recent changes of 
international location patterns in semiconductor manu
facturing and in particular what lessons can be drawn from 
this sector concerning the interaction between innovation 
and industrial restructuring in a period of crisis?

Based on a vast body of recent empirical material, this 
study has shown that technology p e r  s e has not been 
the most important factor behind the newly emerging patterns 
of industrial restructuring snd international location.

It matters of course that new technologies are available for 
automating production steps which previously used to be 
labour-intensive ones. But this is only part of the story. 
Whether and how rapidly these new technologies will be usee, 
depends on a host of other factors, including for instance:

- the stage of development of the relevent industrial sector, 
both with regard to its "industrial organization", the 
maturity of its technology and the amount of accumulated 
innovative capacities;

- the interrelations prevailing between this sector and 
other industrial sectors, particularly key sectors, its 
role for the dominant pattern of griwth and its integra
tion into the world economic circuits;

- the patterns of conflict and cooperation between major 
actors involved in this sector;



- general factors like the politics] system, patterns of 
government intervention, the investment climate and the 
economic and geopolitical importance of the country or 
the region.

It i : the complex and dynamic interplay of these various 
faccors which sets the stage for decisions on whether or 
not to apply a new technology and how rapidly. It also con
ditions the kind of complementary restructuring of organi
zational patterns, strategies of major actors and prevailing 
modes of international trade and investment allocation.

This study has shown that amidst a severe crisis of the 
world economy, innovation and industrial restructuring 
are interacting in a rather different manner than during 
a period of high growth of industrial production and trade, 
as experienced till the early 1970s. The study ias shown 
in particular that this applies to the factors conditioning 
the choice of priority areas for the development of micro
electronic technologies, ranging from circuit design to 
«pplications software; that it further applies to the 
timing of introducing these technologies into industrial 
products and services and to the process of production.
In addition, it has been emphasized that, in a period of 
crisis, the actors involved in innovation and industrial 
restructuring are confronted with rather different con
straints than in a period of high growth and that this 
is bound to be reflected in their scope for compromise 
and in the intensity of the conflicts prevailing between 
them.

In the final analysis, what the eviaence presented shows, is 
that most of the prevailing expectations of how restructuring 
of industries in the industrialized countries and redeploy
ment of industries to the Third World would interrelate, 
will have to be considerably revised. This applies both 
to main-stream concepts, for instance the World Bank doctrine ^
and to some attempts of a marxist conceptualization, for 
instance the "New International Division of Labour" theory.



Further, established modes of analysing trends in inter
national transfer of technology are of only limited rele
vance today and a fresh approach is needed to the conceptuali
zation of how control ove ’ technology and industrial rede
ployment are interrelated.

In short, without a theory of the international economic 
crisis, it will be impossible to link together technology, 
demand and structural change in world industry. There is 
still a long way to go , but some of the next steps are 
clear.
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t h u s  f a i l : ;  t.n compr<-h>- r i > m:'! > - x i n t e r n ]  a 7 '• o n d ;



T h i r d  , t h o s e  t h e o r i e s  o f  i n t e r n a t i o n a l i z a t i o n  o f  c a p i t a l  

w h i c h  t e n d  t o  r e s t r i c t  t h e i r  a n a l y s i s  t o  a s p e c i f i c  b r a n c h ,  

f o r  i n s t a n c e  t h e  s e m i c o n d u c t o r  i n d u s t r y ,  a r e  u n a b l e  in t h e

f i n a l  a n a l y s i s  t o  g r a s p  t h e  l o g i c  u n d e r l y i n g  r e c e n t  c h a n g e s
8 /in i n t e r n a t i o n a l  l o c a t i o n  p a t t e r n s .  As T r u e l  —  h a s  

c o n v i n c i n g l y  p o i n t e d  o u t ,  t h e  p e r s p e c t i v e  o f  m a n a g e m e n t  

d e c i s i o n s  i n  t h i s  i n d u s t r y  h a s  b e c o m e  m u c h  b r o a d e r  d u e  t o  

t h e  i n c r e a s i n g  i n t e g r a t i o n  o f  s e m i c o n d u c t o r  m a n u f a c t u r i n g  

i n t o  t h e  o v e r a l l  e l e c t r o n i c s  i n d u s t r y .

T o  c o n c l u d e ,  a f r e s h  a p p r o a c h  is n e e d e d  t o  t h e  e o n c e p t u a l i z a  

t i o n  o f  h o w  i n n o v a t i o n  a n d  i n t e r n a t i o n a l  r e s t r u c t u r i n g  in 

i n d u s t r y  a r e  i n t e r r e l a t e d .  O t h e r w i s e ,  p r e d i c t i o n s  o n  

p o s s i b l e  f u t u r e  c h a n g e s  in g l o b a l  p a t t e r n s  o f  c o m p a r a t i v e  

a d v a n t a g e s  w i l l  c o n t i n u e  t o  b e  a s  s p e c u l a t i v e  a s  t o d a y .



The 'New International Division of Labour" (=KIDL) theory is certainly 
one of the most innovative attempts to capture recent structural 
changes in the world, economy. Its contribution to a critique 
of established theories of international economic relations 
has also been considerable. Yet, as I will show, it has 
serious shortcomings, both with regard to its capacity to 
explain reality and in its methodological and theoretical 
approach.

— ; i h e "New Intern s.t.ions.1 11 vision of Labour Theory ~ s. Critique

7 . 3 . 1 .  T h e  T h e o r y  

According to the NIDL theory,
a new capitalist world economy has emerged, its main feature 
being a massive migration of capital from major OECD countries 
to low-cost production sites in the Third World. The main 
purpose of establishing such a new international division 
of labour is to exploit reserve supplies of labour on a 
world scale. This type of an internationalization of capital 
requires the existence of world markets for labour and pro
duction sites, and of one global industrial reserve army 
of labour.

What are the causes for these changes in international allocation 
patterns, what is new about it, and how did it all come about?

The NIDL school offers the following propositions:

First , the intensifying capitalist peentration and the c o n 
sequent break-down of traditional socio-economic str’" tures in

developing countries, for instance through the "Green Revo
lution", induced a process of proletarization on a huge and 
increasingly global scale, reaching now even such exotic 
pockets of world geography as the Amazonean bassin or Papua-



New Guinea. In other words, the destruction of traditional 
redes of agricultural production and manufacturing forces a 
dramatically increasing number cf unemployed and undernou
rished men and women to search for urban jobs and to accept 
them at nearly any cost and work condition. For the first 
time in history, OECD-based capital has available a poten
tially unlimited global labour reserve army. This immense 
potential for tapping a fresh, extremely low paid and 
docile labour force is bound to play a decisive role in 
investment decisions of major OECD capital groups.

Second, the potential for utilizing this global labour reserve 
army has risen because of three recent trends in technical 
and managemer innovations:

- New transport and communications technologies heve con
siderably reduced the constraints for worldwide sourcing 
and site location.

- Thanks to the availability of new techniques foi organi
zing and automating processes of production, management
is now able to ppply much more refined forms of a fragmen
tation of production processes and thus of selective 
deskilling. 'This in turn enables management to further 
compress labour costs.

- New management techniques guarantee that low-cost labour 
available at Third World production sites will produce 
at productivity levels which can be considered'adequate 
or even comparable to those in OECD economies.

Further,there is a third factor which makes the utilization of 
this global reserve labour army more probable, i.e. the 
provision by governments of developing countries»encouraged 
by international agencies,of industrial infrastructure, 
services and utilities at those sites where cheap labour 
is concentrated, and through the granting of trade, currency



and fiscal concessions which allow the unimpeded flew of 
goods and capital - such provisions increasingly being 
implemented in the form of the "free expert zones".

So far, we have only stated necessary but not sufficient 
conditions for the emergence of a new international division 
of labour. What remains is to explain why OECD-capital should 
make use of this potential, in which form, and what would 
be the importance this process is going to acquire? It is 
in trying to answer this question that the NIDL school has 
unfortunately insisted to translate some of its very stimu
lating empirical and theoretical observations into unsound 
over-generalizations which have increased rather than de
creased the confusion with regard uc what are the causes 
and mechanisms of the internationalization of industrial 
trade and production.

So the fourth and decisive proposition of the NIDI school 
would be:in order to maximize the profit rate or to minimize any 
decline in it, OECD-based capital groups cannot but un
leash a frantic rush of investment funds towards new pro
duction sites in the Third World. In other words, countering 
the deteriorating conditions for capital valorization can 
only be achieved through reducing labour unit cost which in 
turn can only be realized through capital migration to Third 
World production sites.



: V n : •tâter, ents

Lev us now discuss more in detail the validity of the NIDL 
scnool's fourth proposition. It can be sDlit up into two 
key ar^lytical statements:

(1) In order to maximize the profit rate (or minimize its 
decline), firms must minimize its labour cost per unit 
of output

In other words: Y/w • S » max!

Where Y * output value
w « average wage paid to all employees of an enterprise 
E =* nuuber of workers employed.

(2) Such a minimization of unit labour cost can only be 
achieved through a combined strategy of fragmenting
and relocating industrial production to Third World sites. 
This would enable the firm originating from the OECD region 
to reduce the average wage paid to its employees for all 
countries - by simultaneously appropriating the gains 
from paying its Third World work force a lower average 
wage rate for any skill composition of employment, and 
from reducing the skill composition itself by using 
relatively more unskilled labour in the more fragmented 
production sub-processes.

If we define: w * * • wg + (1 - <*■) wn ,
where w . w are the watre rates for skilled andSunskilled labour and ql = the skilled worker 
coefficient per output unit,

we can identify the twofold effects of a "fragmentation + 
relocation" strategy. Not only does it allow for a re
duction of wg and wn , but also of «< , thus generating 
additional wage rate savings, since wg is assumed to exceed
w„ at any location, n



It is on the basis of these statements, that the following 
conclusion is drawn: even if Y/E (» labour productivity) 
would be lower in industrial plants located in growth 
poles of the Third World (which may not be so because, 
for instance, of a lack of worker organization abroad 
due to heavy restrictions on or direct suppression of 
trade union activities), Y/w*E would be higher there, 
thus reducing Y/w . E for the whole firm.

7 . 3 - 3 -  A T h e o r e t i c a l  a n d  M e t h o d o l o g i c a l  C r i t i q u e

The afore-mentioned two basic analytical statements of
the NIDL doctrine are misleading for at least sercn reasons:

- First, labour costs are just one element of total costs; 
their importance varies according to sector and location.
Other cost elements such as the costs of extremely expensive 
equipment, r*-d costs, resource and energy costs and costs
of socalled "externalities" are becoming of increasing 
importance. This report in fact presents evidence for 
significant changes in cost structure due to the intro
duction of new technologies based on microelectronics 
innovations and shows for instance that for the semicon
ductor industry the cost of extremely expensire automated 
equipment has become a major concern.

- Second, even if excessive unit labour costs would be the
' crucial issue, the "fragmentation-relocation" strategy would 
be just one among various possible counter-vailing strategies. 
Other strategies would include for instance:

- the introduction of new production and management techniques 
aimed at raising Y/E;

- policies to achieve greater scale economies, for instance 
through an increase of market size.

This report shows that both types of counter-vailing strategies 
are being extensively used by firms originating from the



OECD region, and that without analysing their impact it 
would be impossible to understand the logic linking 
together innovation and international restructuring of 
industry.

Third, even if we assume that the minimization of unit 
labour cost without any change in technique and "accessible" 
market size would be the only relevant issue, this would 
not necessarily imply a relocation of production. For the 
individual firm utilization of cheaper immigrant worker 
or local non-unionized labour could be superior, for at 
least the following reasons:

- it would not only permit to realize gains from process 
fragmentation but also from increasing returns to scale;

- a demand increase through the multiplier effect could be 
internalized in the home country, i.e. would benefit all 
employers;

- the state's tax receipts could be increased.

It is true that in some industrial agglomerations of the 
OECD region the social costs of this approach are already 
very high - witness the miserable living conditions of 
immigrant workers and the consequent potential for far- 
reaching social conflicts. It is also true that overall the 
wage differences between on the one hand imported or non- 
unionized labour and, on the othor; organized labour, at 
least in V/estem Europe, has been decreasing. Yet, the 
scope for this type of strategy does seem to be still con
siderable, particularly in the United States and Japan, at 
least under the conditions of a new boom.

Fourth, even if we would assume that a minimization of unit 
labour cost would by necessity imply geographic relocation, 
it would still not have to be of necessity relocation to low



labour coat countries in the Third World

For the individual firm, the relevant variable is not Y/w • E, 
but Y/(w + c) • E, where c are the indirect labour costs 
(for instance social security contribution, payments for 
time off, negotiated benefits in kind, etc.) to be paid 
by the employer. Now, c varies considerably within the OECD 
region (for instance US versus the Federal Republic of 
Germany) and even within a country (for instance the non- 
unionized "Southern belt" of the US versus the traditional 
industrial centres of the East). Thus, if there are sub
stantial differences in labour productivity between OECD 
locations and locations in the Third World, Y/(v + c) • E 
may best oe maximized through a relocation to another in
dustrial economy. Gèze — / for instance has shown that this 
in fact has been one of the causes of the recent upsurge 
for instance of West European investment in the US. Yet 
the most crucial factors seem to have been the perception 
of a safe investment climate, access to the most developed 
continental markets, the need for preventive "tariff hopping", 
and acute problems of foreign exchange fluctuations.

Fifth, cost reduction in itself would not be enough to 
counter a falling profit rate. The second equally decisive 
factor is effective demand, i.e. the volume end structure 
of accessible markets.

If demand is constrained, non-price factors such as product 
quality, deliver dates etc. may be prominent, especially in 
maintaining and/or improving world market competitiveness.
It is not at all obvious that relocation to low-cost sites 
in Third World countries woiHd be the best way to increase 
this non-price competitiveness.

In addition, pending protectionist barriers are of much 
greater importance for decisions on whether or not to 
relocate industrial production than comparative unit labour 
costs.



Sixth, relocation of production and structural changes 
in demand are to some degree interrelated variables.
Changing demand patterns have in fact been large.1 y by
passed by the proponents of the NIDL school and conse
quently their impact on international location patterns 
has not been understood. Yet, as we have shown for the 
semiconductor industry, the economics of demand have 
recently gained considerably in importance for inter
national location patterns.

Finally, the NIDL school has a fairly restricted and 
static concept of the role of innovation and technological 
development. There is no attempt to identify the conditioning 
factors of innovation and technological development nor 
to identify their specific ro1e in the genesis of the 
economic crisis. Further, the NIDL school fails to ask 
what changes did occur as a result of the crisis in the 
interaction between innovation and industrial restructuring, 
both sector-wise and in an international context.



7 . U . T o w a r d s  a n  A l t e r n a t i v e  A p p r o a c h : C a p i t a l  A c s ur. u I at i o n ,

W o r k  R e l a t i o n s  a n d  N e w  I n f o r m a t i o n  T e c h n o l o g l e s

-n o r d e r  t o  u n d e r s t a n d  t h e  i m p a c t  o f  i n n o v a t i o n  o n  i n d u s 

t r i a l  r e s t r u c t u r i n g  a n d  o n  i n t e r n a t i o n a l  l o c a t i o n  p a t t e r n s ,  

v e  n e e d  t o  k n o w  m o r e  a b o u t  t h e  c o n d i t i o n i n g  f a c t o r s  o f  

i n n o v a t i o n  a n d  t e c h n o l o g i c a l  d e v e l o p m e n t .  T w o  f a c t o r s  a r e  
o f  i m p o r t a n c e :  t h e  m o d e s  o f  c a p i t a l  a c c u m u l a t i o n

p r e v a i l i n g  i n  a s p e c i f i c  h i s t o r i c a l  a n d  g e o g r a p h i c a l  

c o n t e x t  a n d  t h e  r e l a t e d  c h a n g e s  in t h e  s o c i a l  r e l a t i o n s  

o f  p r o d u c t i o n ,  p a r t i c u l a r l y  i n  t h e  w o r k  r e l a t i o n s .

Let us first discuss some interrelations between nodes of 
capital accumulation and technological change. I would 
propose to divide modes of capital accumulation into
t h r e e  b a s i c  c l a s s e s .

Class I - those nodes of capiral accumulation aiming at a 
rationalization of the socalled variable capital, that 
ia of the use of labour.

Class II ■ those modes of capital accumulation aiming at a 
rationalization of constant capital, as incorporated in 
buildings and apace for industrial plants, industrial 
machinery, raw materials and energy sources and storage.

Class III ■ thosa modes of capital accumulation aiming at 
the most rational use of intangible production inputs, 
the socalled information or knowledge inputs, ranging from 
basic design to systems and applications software and in- 
eluding complementary logistics and maintenance services. —

7 . U . I .  W o r k  a n d  L a b o u r  R a t i o n a l i z a t i o n

Historically, modes of capital accumulation geared to work 
and labour rationalization (Class I) clearly predominated. 
Three subgroups can be discerned:

- A first subgroup (1.1.) covers those modes of capital
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coBts as low as possible.

In the extreme case this would mean to keep wages as 
close as possible to the level needed for the short-term 
reproduction of the labour force only - witness the extremely 
low wages of early capitalism or the strategies of world
wide sourcing for low cost labour as pioneered by U.S. 
multinational corporations during the 1960s. — '

However, this mode of capitalist accumulation can also cope 
with increasing wages - if pioductivity per work unit can 
be increased, particularly through a deepening of the 
social division of labour. In fact, wage levels have been 
increasing sooner or later, even under the most extreme 
conditions of a repressive police state - cases in point 
would be the Germany of Bismarck, South Korea, Chile and 
the Philippines. Traditionally the counter-strategy of 
management used t*' focus on segregating the labour force 
along the lines of skill differentiations, sex and race, 
and to segment the production process in such a way that 
it becomes possible to seperate manual and mental labour 
and to buy exactly the quantity of skill and muscular
power needed for each single operation (the socalled Babhagei U /principle)- —  Consequently, work relations have been 
characterized by significant wage differentials related 
to different skill levels within an increasing division 
of labour and to the sexual ard racial split-ups of the 
labour force. It is true that in some rare cases like in 
Sweden of the 1960s and early 1970s, wage differentials 
have been considerably narrowed down through trade union 
action, for instance by substituting less differentiated 
monthly salaries for differentiated piecerate payments.
But even then this mode of eapital accumulation was able to 
work, through discrimination against low-productivity workers, 
i.e. unskilled or semiskilled workers, and by means of 
selectively promoting a demand for restricted labour elites.

- A second subgroup (1.2.) relates to those modes of capital



accumulation geared to increasing the length of the working- 
time. Whereas in some industrial growth poles of the Third 
World this would still seem to be a viable approach, it 
clearly has become of less interest today for industrial 
production in major OECD countries.

- A third subgroup (1.3») then relates to modes of capital 
accumulation aiming to minimize what Marx called the 
"porosity" of the working day,—  ̂ that is time for resting, 
for waiting, for walking between different stations of work, 
for making unnecessarily time-consuming movements of work, 
and generally to increase the intensity and speed of work.
It is in this context, that Taylorism became an important 
instrument to deprive the workers from effective control 
over the labour process and to vest it into a special 
planning section of the firm. "Management's monopoly of 
knowledge and planning is used for a detailed programming 
and control of the production process; the worker only goes 
through the movements already programmed.—  ̂ Ford's assembly 
line was another instrument to control and increase the 
intensity of work. Characteristic for the work relations 
implied by this mode of capital accumulation were deskilling, 
routinization and complete loss of workers' control over the 
labour process.

During the d970s it .has become increasingly obvious that, at 
least for industrial production within the OECD region, modes 
of capital accumulation based primarily on work and labour 
rationalization have become obsolete in many ways. Today, the 
rationalization of constant capital in combination with attempts 
to increase and rationalize the use of intangible production 
inputs, particularly with regard to information flows, seem 
to be the privileged approach in an increasing number of 
industrial sectors.



7 . h . 2.

-  -

R a t i o n a l i z a t i o n  o f  C o n s t a n t  C a p i t a l

With regard to the rationalization of constant capital, five 
subgroups can be discerned:

- A first subgroup (II.1.) would focus on economizing the 
amount of real estate and space needed for industrial pro
duction. Attempts to miniaturize equipment and whole pro
duction plants together with attempts to de/jae new forms 
of decentralized industrial production are logical conse
quences of this approach.

- A second subgroup (II.2.) emphasizes the need to maximize
i t /the intensity of machine-use (the socalled MAX-strategy-—

TJe h a v e  s h o w n  i n  d e t a i l  f o r  t h e  s e m i c o n d u c t o r  i n d u s t r y

how this pressure to run extremely expensive equipment if 
possible around the clock, i.e. with a minimum of "down
time'1, has gained in importance and influenced decisions 
on geographical and sectorial industrial restructuring.

In order to apply this mode of capital accumulation, radical 
changes are required in corporate structure and strategy as 
much as in prevailing patterns of industrial organization 
and international location. The same would apply to work 
relations, with shift-work and a high intensity of work and 
functional organizational units, together with a narrowing- 
down of Job variations within each unit gaining considerably 
in importance.

- A third subgroup (II.3*) covers attempts to reduce considerably 
the amount of energy and scarce raw materials used in industrial 
production. In fact, the development and application in industry 
of less energy-intensive product and process technologies and
of technologies needed to make increasing use of alternative 
energy sources has become today an essential prerequisite 
for opening up new accumulation possibilities and for securing



1 8 /i r u e r n a t i o n a i  c u m p d - u i v e u e b s  . ---

A  f o u r t h  s u b g r o u p  ( I I . U . )  f o c u s s e s  o n  s p e e d i n g - u p  t h e  f l o w
IQ,'o f  p r o d u c t s  i n  w o r k ,  t h e  s o c a l l e d  P I W - s t r a t e g „ .

T h i s  a p p r o a c h  h i s  r e c e n t l y  g a i n e d  i n  p o p u l a r i t y .  A c c o r d i n g  t o  

B j o r k m a n  e t  a i , r a d i c a l  c h a n g e s  a r e  i n v o l v e d .  " Y o u  m u s t

r e o r g a n i z e  a l l  f u n c t i o n a l  u n i t s  a c c o r d i n g  t o  a n e w  p r i n c i p l e ,  

t h e  p r o d u c t  o r  p r o c e s s  p r i n c i p l e .  In v e r y  g e n e r a l  t e r m s  

t h i s  l e a d s  t o  d e c r e a s i n g  u s e  o f  m a c h i n e r y  b u t  it is c o m p e n s a t e d  

b y  a h i g h e r  r a t e  o f  t u r n o v e r .  T h e  s u m  o f  t h e  i n t e r e s t  r a t e s  o n  

c a p i t a l  t i e d  u p  i n  ' p r o d u c t s  i n  w o r k '  ( P I W )  is n o r m a l l y  m u c h  

l a i g e r  ( t w o  o r  t h r e e  t i m e s  a s  l a r g e )  t h a n  t h e  y e a r l y  i n v e s t m e n t s  

i n  t h e  c o m p a n i e s '  m a c h i n e r y  a n d  r e a l  e s t a t e .  A n  e c o n o m i z i n g  

w i t h  P I W  is t h e r e f o r e  a v e r y  p r o f i t a b l e  r a t i o n a l i z a t i o n  i n  

t h e  i n t e r e s t  o f  c a p i t a l  a c c u m u l a t i o n . "

I n h e r e n t  t o  t h i s  a p p r o a c h  is a  r a p i d  e x p a n s i o n  o f  i n d u s t r i a l  

a u t o m a t i o n  a n d  c o n t r o l  s y s t e m s  a n d  s t r i c t e r  t i m i n g ,  e s p e c i a l l y  i n  

t i m e - c o n s u m i n g  p a r t s  o f  t i e  p r o d u c t i o n  p r o c e s s  l i k e  i n  t r a n s 

p o r t a t i o n  a n d  h a n d l i n g ,  b u t  a l s o  i n  d e s i g n .  It h a s  b e e n  s h o w n  

i n  f a c t  t h a t  t h e  g r e a t e s t  p o t e n t i a l  u s e  f o r  n e w  i n d u s t r i a l  

a u t o m a t i o n  s y s t e m s  a n d  p a r t i c u l a r l y  f o r  t h e  n e w  g e n e r a t i o n  o f

' i n t e l l i g e n t '  r o b o t s  l i e s  i n  s p e e d i n g  u p  t h e  p a s s a g e  o f  m a t e r i a l s
21/t h r o u g h  f a c t o r i e s .  —  A l r e a d y  i n  s o m e  e x t r e m e  c a s e s ,  t h e  

s t o r i n g  o r  p r o d u c t s  is e l i m i n a t e d ,  a n d  p r o d u c t i o n  s t a r t s  o n l y  i f  

t h e r e  is a w r i t t e n  o r d e r  f r o m  a c o n s u m e r .

Finally, a fifth subgroup (II.5.) consists of efforts to decrease 
the system vulnerability of the process of capital accumulation.

T h i s  is p r o b a b l y  t h e  m o s t  e x c i t i n g  o f  a l l  a t t e m p t s  t o  r e c o n s t i t u t e  

p r o f i t a b i l i t y  o f  i n d u s t r i a l  i n v e s t m e n t  u n d e r  t h e  p r e s e n t  c o n 

d i t i o n s  o f  t h e  e c o n o m i c  c r i s i s .  T h e r e  a r e  b a s i c a l l y  f o u r  

a p p r o a c h e s  t o  a c h i e v e  t h i s  g o a l :

- on the level of plant lay-out: the concept of "parallel units"
(= i f  o n e  u n i t  c l o s e s  d o w n ,  t h e  o t h e r  s t i l l  c a n  b e  o p e r a t i n g ) ;  — '



- cn the level of organizing the production process: de
centralization of production, either within the framework 
of big companies and conglomerates or via new forms of 
subcontracting to small and medium-sized formally inde
pendent firms;

- on the level of work relations as- social relations of 
production: attempts by management to de-unionize industrial 
production and to introduce new forms of labour management
by consensus, the socalled "new industrial relations" approach 
based on concepts like "Quality-of-Work-Life" (QWL) programmes, 
"Quality Circles" etc.

- on the level o f technology: the expansion of industrial 
automation and control systems, from numerical control 
systems and the robotization of specific work peBts to 
the introduction of flexible machine systems, further to 
the introduction of integrated computer aided management 
(CAM) systems, with the ultimate solution being conceived 
to be "unmanned production" or a fully automated factory.

7 .U . 3 . N e w  I n f o r m a t i o n  T e c h n o l o g i e s  - T o w a r d s  a R a d i c a l  C h a n g e  

o f  E s t a b l i s h e d  M o d e s  o f  I n d u s t r i a l  P r o d u c t i o n

The rationalization of labour and of constant capital require 
both organizational and technical innovations. For a long 
time they were constrained by the lack of certain intangible 
inputs, i.e. informauion and knowledge needed to devise, implement 
and secure systems control over the necessary organizational 
and technical innovations.

The introduction of new information technologies based on 
microelectronic circuits cc aid contribute to a eignificant 
reduction of these constraints.

/Information technology covers : —

- the processing of information (currently performed by com
puters or manual methods)



- the storage of information (currently largely non-electronic)

- and the communication of information (currently performed 
by voice, telecommunications and postal services^.

At present, the various aspects of information technology are 
regarded as separate subjects,like electronic engineering, 
communications and computer science. let, the recent sub
stitution of microelectronic devices for discrete components 
and especially the development of the micro-processor — ' provide 
a sound basis for interlinking them and thus for converging 
the processing, storage and communication of information 
Telematics — 'is the catchword for this development which 
is bound to significantly affect the scope for rationalizing 
the use of information and knowledge and consequently also 
of labour and constant capital.

In fact, major innovations in the field of information technology 
are already causing, on a worldwide scale, dramatic changes 
in the established patterns of producing goods and services, 
of consuming them and of organizing systems of social control 
and regulation. Cases in point would be: recent brea Troughs 
in designing and producing micro-electronic circuits, recent 
developments in information storage technology (for instance 
bubble memory, II/in software engineering, in computer- 
architecture (especially in the field of microcomputers), in 
computer peripherals, in the development of computer languages, 
in the development of new telecommunication techniques (such 
as package switching, fibre optics and standardization).

It is the interplay of these new technologies which is behind 
for example the emergence of Distributed Data-Processing (DDP),—  ̂
the proliferation of new modes of computer based numerical 
control* — particularly in machine tools manufacture, and 
the introduction of computer aid systems in design (CAD"
Computer Aided Design), manufacturing (CAM- Computer Aided



Manufacturing), testing (CAT- Computer Aided Testing) and 
even management (CIM® Computer Integrated Management). —  ̂
Technically at least, these new technologies would today 
make transition towards "automated factories" feasible, which 
would bring automation not only to the shop flcor, hut also 
to the offices, to the design departments and research labs 
and to the conference rooms of top aanagment.

But this is only part of the story. The impact of new infor
mation technology is reaching much further. All said and 
done, probably the most dramatic challenge for future gene
rations is rhat it allows for the increased computerisation 
of societies, with all the negative effects this is probably 
going to have on the already highly skewed distribution of 
power, both within societies and international relations, 
particularly the North-South context.

For changes of power relations in the labour process, take 
as an example the description of H. Shaikan, a consultant 
to the United Auto Workers tihion in the U.8., of an auto
mobile plant in which a computer-controlled assembly line 
had been installed: "The system links a large central com
puter to f> micro-processor on a machine. Whan tbs machine 
cycles, it is recorded in (the) central computer, ¿ihen a 
machine doesn’t produce a part in its alloted time, it 
is immediately obvious to more than the computer: that in
formation is displayed in the foreman's office and recorded 
on a computer printout". Under this system, Shaiken says, 
"the foreman no longer decides to discipline the workers.
He merely carries out the 'automatic' decisions of the 
system”. 31/

In addition, as Antonelli has shown in his pioneering study , 
new forms of a global tele-management have recently emerged, based 
on integrated systems o f transborder data flowa (THDP) internal 
to multinational corporations. Their impact on capital accumu-
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lati<_and on the international distribution of information
power could become tremendous indeed. According to Antonelli, 
three types of transborder data flows internal to manufacturing 
multinational corporations can be discerned:

"(i) Plows of information for control functions: these flows 
of data serre to keep headquarters informed about the 
behaviour and performance of affiliates, lÿpically, 
these flows are most important in highly centralised 
firms operating in a number of product lines.

(ii) Plows of information for logistic coordination:
these flqjrs serve to coordinate t1« production, transport 
and commercial activities of multinational enterprises.
These flows are particularly important in firms supplying 
a broad range of diversified products, sold in large 
numbers to a large number of customers, ftiese flows tend 
to be of greater importance to firms supplying consumer 
goods than to those supplying capital goods, and are 
also important to firms operating flow production pro
cesses on a large scale.

(iii) Plows of information for financial management: these 
flows make it possible for corporate headquarters to re
tain overall control of the asset and liability position 
of individual affiliates. This control is particularly 
important in firms operating in a large number of countries, 
with extensive intra-corporate trade flows and receivingo o jcontinuous flows of many different currencies." —

According to this study, the firms asked were expecting to 
reap the fallowing major benefits:

- Economies in working capital from improved inventory management.

- Greater specialisation of production affiliates in the product 
lines moat appropriate to the country's factor endowment.
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as a whole.

- Purchasing economies of scale derived by centralising pur
chasing functions.

- Reductions in exchange rate risk and improvements in firms' 
overall financial management from the coordination of 
financial decision-making.

Overall, the increased use of international computer communi
cation within multinational corporations is bound to have 
a significant impact both on corporate strategy and stincture 
and on international location patterns.

In terms of corporate strategy and structure, the Antonelli 
report suggests that a number of major changes are underway:

" - Flows of data for control functions tend to increase the 
degree of centralisation of multinational firms, reducing 
the autonomy of local affiliates. Affiliates bacome 
responsible for a progressively narrower range of functions: 
for example, commercial functions are separated from 
production functions, each function being the responsibility 
of a separate local affiliate which answers directly to 
the parent company.

- The increasing specialisation of affiliates is associated 
with the creation, within the group, of new functional 
firms. Trading companies, reinvoicing centres and trading 
and reinvoicing companies, which are the most conspicuous 
examples of this trend, specialise in providing coordination 
services to the group as a whole.

- The demand for these internal coordination functions in
creases with specialisation within the groups, both in 
terms of the distribution of production and in terms af
t h e  ran^f! o f  f u n c t i o n s  a f f i l i a t e s  c a n  c a r r y  o u t .
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- Finally, the overall ctructure of multinational enterprises 
becomes increasingly complex, with a (juxtaposition of 
global product divisions, domestic product affiliates and 
global functional management centres.'- — ^

Its impact on international location patterns are expected to 
be as dramatic:

First, increased transborder data flows internal to multi
national corporations might accelerate the process by which 
labour-intensive activities are transferred to low-wage countries. 
"In some cases, these 'delocalisation' effects may be counter
balanced by increases in service activities in the home country: 
for example, reinvoicing centres or corporate DP centres. In 
other cases, however, the transfer of manufacturing activities 
may be accompanied by the transfer of service activities to
countries offering a particularly favourable service environ-

35 /ment . —  It would seem that Singapore is becoming increasingly 
a favorite location from this point of view - witness the 
Institute of System Science which has been recently set up

by the National University of Singapore in collaboration 
with IBS to train computer software specialists and develop 
Singapore as a software center .

Second, it might mean that the association between foreign 
direct investment and effective transfer of technology will 
be even further weakened. "If affiliates can access remote 
engineering or scientific know-how, they do not need to develop 
this know-how locally; their global scientific and technological 
capabilities may increasingly lag those in the firm's research 
centre«. — ^

Overall, the growth of international computer communications 
controlled by multinational corporations is bound to accelerate 
the hierarchization of international economic relations:for 
instance the process of international specialization, rather
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than occuring between firms, may increasingly occur within 
firms.

7 .  ̂. Implications

To sonclude, the interrelations between capital accumulation, 
v.ork relations and technological change have been experiencing 
considerable changes. The once predominant focus on work and 
labour rationalization still continues to play an important 
role - but to view it as the all decisive factor of capital

3 3/accumulation would be misleading indeed- —  In fact, the 
rationalization of constant capital, particularly of energy 
and raw materials used, machine utilization and product flow 
speeds, together with attempts to decrease the systems vulnera
bility of capital accumulation have gained considerably in 
importance.

Both the rationalization of labour and of constant capital 
require increasingly complex systems of processing, storing 
«nd communicating information and knowledge. It is in this 
context that the introduction of new technology, particularly 
of new information technologies based on microelectronic
circuits,can be expected to play a prominent role

39/in the restructuring of industry.-
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9 - 1 3  M a r c h  1981, Tri n i t y  College, Ireland, p.ll.

A case in point w o u l d  be the recent failure o f  F o r d  M o t o r  Com p a n y  to 
push through its "J a p a nisation" programme in its af f i l i a t e  in 
Halewood/UK. There, the F ord ma n a g e m e n t  found out that in ord e r  to 
push through an increase in automation and r o b o t i z a t i o n , a m uch m ore 
a u t horitarian "discipline code" wou l d  have been n e e d e d  r e m i n i s c e n t  of 
the tough management style prevailing in Ford's US plants in the 
1930s. For details see Le M o n d e , 12 Dec e m b e r  1 9 8 0 and the special 
report on F ord Motor Company in: TIE (Transnationals Inform a t i o n
Exchange), Amsterdam, No. 9, April - Aug u s t  1 9 8 1 . For an in-depth 
discussion of constraints to applying m i c r o e l e c t r o n i c s  to industrial  
production see Ernst, D., - "Constraints to the A p p l i c a t i o n  o f  
M i croelectronic Devices - A Much N e g l e c t e d  R e s e a r c h  Area", chapter 5 
of the author's f orthcoming book on "Crisis, Innovation and the 
T r a n sition to New Patterns of Industrial P r o duction", 1 9 8 2 .

OECD - "Transfer of Technology in the C o nsumer E l e c t r o n i c s  Ind u s t r y  - 
The Te l e v i s i o n  Sector", (D S T I / S P R / 7 9 •27), Paris, lh S e p t e m b e r  1979-

Over the past decade, t h d  number of c o r r e s p o n d e n c e  in a T V  set has fallen 
from lUOO to 1*00. For recent techn o l o g i c a l  d e v e l o p m e n t s  in the TV 
industry, see "Sources of C o m p e t i tiveness in the J a p a n e s e  Colour  
Television and Video Tape Recorder Industry", a report p r e p a r e d  by 
the private consulting firm Developing World Industry and T e c h n o l o g y ,  Inc.



(Chairman: Jack Bar a n s o nBarar.so of Labour,
of Technology in theWashington, ГС 19T?. See 

Consumer Flectronics Indu:

(1 1 )

1 1 2) For an in-depth discussion of these concepts see Ernst, D. - 
"International Transfer of Technology, Technological Depen
dence and Underdevelopment: Key Issues", in: Ernst, D. (ed), 
1980

(13) See for instance the excellent report by Louis Turner "The
Problems of Adjustment in the Consumer Electronics Industry", 
in: Turner, L. and Woolcock, S. (eds.) - "The Implications 
of Newly-Industrializing Countries for Trade and Adjustment 
Policies", The Royal Institute of International Affairs, 
London, 1981 (forthcoming)

(1 U) Quotations are from: OECD - "Transfer of Technology in 
the Consumer Electronics Industry...", .p.cit., p. 51

( 1 5 ) For details see the study by Louis Turner, op.cit.
(1 6 ) OECD, op.cit., p. 51
(IT) Cable, Vincent and Clarke, Jeremy - "British Electronics 

Industry and Competition with Newly Industrializing Coun
tries", Overseas Development Institute (ODI), London,
July 1981

(1 8 ) For background information on the garment industry see:
Kurt Salomon Associates - "The 1980s: The Decade for 
Technology? A Study of the State of the Art of Assembly 
of Apparel Products", study prepared for the Commission 
of the European Communities, Bruxelles, December 1979;
Cable, Vincent - "World Textile Trade and Production", 
Economist Intelligence Unit Special Report No. 63, 1979; 
Woolcock, Stephen - "Textiles and Clothing Industry", in: 
Turner, C. and Woolcock, S. (eds), 1981 (forthcoming);
de la Torre, José - "Decline and Adjustment: Public Inter
vention Strategies in the European Clothing Industries", 
INSEAD (= European Institute of Business Administration)
- Working Research Papers No 80/07, Fontainebleau/France,
July 1980;"The International Division of Labour and Inter
national Trade in Textiles, Clothing, Shoe and Leather 
Products (Including Outward Processing)", part I, Inter
national Textile, Garment and Leather Workers' Federation, 
Third World Congress, Vienna, 6-1C October 1980. See also 
the pioneering case study on the internationalization of 
the German textiles and clothing industry in part I of 
Frobel; Heinrichs; Kreye, 1930.

(1 9 ) For a fascinating account of the constraints to automation 
applying to the U.S. garments industry up to the late a 
1970s see chapter V.2. "Textile et habillement: inertia
et modernisation", in: Brender; Chevallier and Pisani- 
Farry, 1980

(20) Quoted from: Hoffmann, H.K. and Rush, H.J. - "Microelec
tronics and the Garment Industry - Not Yet a Perfect Fit", 
in: "International Conference on Informatics and Industrial 
Development. Conference Papers", Volume I, 9-3 March 1981, 
Trinity College, Dublin , Ireland, p. 5



For examples see McLean, J.M. and Rush, H. - "The Impact 
of Micro-electronics on the U.K.: A Suggested Classifi
cation and Illustrative Case Study", SPRU (= Science 
Policy Research Unit) Occasional Paper Series, No 7,
'1975 and Bessant, J.R. - "The Influence of Mrcro-electro- 
nics Technology. Report prepared for the UNITAR study 
of Technology, Domestic Distribution and North-South 
relations", Technology Folicy Unit, University of Aston,
195C, pp. 72-75 and 73-80
For examples in the petrochemical industry see: UNIDO - 
"First World-wide Studv of the Petrochemical Industry:
19T5 - 20C0", (UNIDO/IC13.8 3 and Add 1 (appendices)),
Vienna, 12 December 1978. For the steel industry see par
ticularly: UNIDO - "Picture for 1985 of the World Iron 
and Steel Industry" (UNID0/ICIS.1961), op.cit.
For a remarkable five-volume report on current technology, 
trends and direction for r+d in the machine-tool industry 
see: Sutton, George P. et al - "Technology of Machine 
Tools. Report of the Machine Tool Task Force Protect", 0
volumes, particularly Volume "Machine Tool Controls", 
(Document No. UCRL-52960), Lawrence Livermore National 
Laboratory, University of California, Livermore, Califor
nia, October 1980. An excellent analysis of the impact 
of dataprocessing technology can be found in: Reisers,
L. N. - "Comments on OECD-report 'Inauiry into the Machine 
Tool Industry' by B. Real", Delft,University of Technology 
Laboratory for Manufacturing Systems, 22 March 1979 
(mimeo). See also: Manoranjan, P.K. - "Report on Tecnno- 
logical Perspectives in the Machine Tool Industry in the 
Next Decades and their Implications for Developing 
Countries", study prepared for UNIDO, Vienna, October 
1 9 8 0.

! For a discussion of the substantial economic, social 
and political constraints against the establishment of 
full-scale "automated factories" see for example: Zermeno,
R. et al - "The Robots are Coming - Slowly", in: T. Fores
ter (ed) - "The Microelectronics Revolution", Oxford,
1980; H. Wintersbarger et al (eds) - "The Socio-Economic 
Impact of Microelectronics", Pergamon Press, Oxford etc., 
1980; and Norman, C. - "Microelectronics at Work: Pro
ductivity and Jobs in the World Economy", Worldwatch 
Paper 39, Washington, D.C., October 1980, pp. 1 5 - 22

(:,rjj Hoffman, H.K. and Rush, H.J. - "Microelectronics and the 
Garment Industry...", op.cit., p. 1

(;f) For an in-depth analysis of the concept of systems control 
see Ernst, D.-"International Transfer of Technology, 
Technological Dependence and Underdevelopment: Key Issues", 
in Ernst, D. (ed), 1930

(7'7 ) For an outspoken presentation of this view see the statement of Karl Heinz Kaske, p r e s i d e n t ,  and chief o p e r a t i n g  o f f i c '■ r o f  
S i e m e n s ,  q u o t e d  in c h a p t e r  A . 9 • * , • p .

if7) Quoted from Posa, John G. - "'No Hands' Assembly Packages 
Chips", Electronics, 2 June 1981, p. 38

{,'')) OECD - "The Electronic Industry", 1980, p. 27. See al3Q
the research experience documented in Truel, F ebruary 1 ‘jno ami 
Lim, 1979.



Orme, 19'79 for instance in his widely quoted study on trends 
in the application of microelectronics speaks of "... the 
futility of employing technical experts to forecast techno
logical developments and applications." (p. 76). He equallyft _______ __ __ ________ __ _ | 1 i _ i-i .-m
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and business executives to forecast the 
logical change on industry and commerce.

impact of techno- 
" (ibid.)

Quotation is from Scottish Development Agency, 1979, ?• 27
"Report. Exchange of Views with Experts on the Implications 
of Technological Advances in Microelectronics for Developing 
Countries", UNIDO, (UNIDO/IS.24-2/Rev. 1), Vienna, 16 July 
1981. For details see Ernst, D.; Hoffman, K.; Kaplinsky, R.; 
Rada, J. and Rush, H. - "Implications of Technological 
Advances in Microelectronics for Developing Countries: A 
Suggested Programme of Policy Studies and Action", paper 
prepared for the aforementioned UNIDO meeting, UNIDO/B.P. 13, 
Vienna, 10-12 June 1981.
Much of the recent literature is still heavily relying on 
three pioneering studies: C h a n g ,  1971; M о x o: n, 
R i c h a r d  - "Offshore Sourcing in Less-Developed 
Countries: A Case Study of Multinationality in the Electronics 
Industry”, The Bulletin, New York University Graduate School 
of Business Administration, Institute of Finance, No.s 98 - 99, 
July 197^; and U N C T A D  - "International Subcontracting 
Arrangements in Electronics Between Developed Market-Economy 
Countries and Developing Countries", TD/B/C.2/14A/Supp.1,
New York, 1976. This would apply to some degree even for the 
otherwise extremely useful study of L i m, L i n d a J. 
"Multinational Firms and Manufacturing for Export in Less- 
Developed Countries: The Case of the Electronics Industry 
in Malaysia and Singapore", The University of Michigan, Ann 
Arbar/ Michigan, 1978. Some recent developments are documented 
in: 0 E C D - "The Electronic Industry...", 1 August 1980, 
chapter 8 "International Aspects"; R a d a ,  1980, 
particularly chapters 6 and 7; S i e g e 1, 1981; and 
S c o t t i s h  D e v e l o p m e n t  A g e n c y ,  chapters 
I - III. A stimulating attempt to analyse the impact of some 
recent changes in the economics of semiconductor manufacturing 
can be found in: T r u e l ,  1 9 8 0a.
See for instance, OECD - "The Electronic- Industry...", 1 
August 1980, chapter 8 and Scottish Development Agency,
April 1979, pp. 26-35
"It is abundantly clear that the availability of large 
and innovative markets is an important factor influencing 
success in the electronics business. Similarly the size 
and growth potential of markets is the largest single 
factor influencing the geographical pattern of the activi
ties of firms in toe electronics sector.", OECD - "The 
Electronic Industry", August 1980, Paris, p. 38. For and 
axcollent theoretical discussion see Truel, 1980b and 1980a, 
particularly pp. 156-173, 249-253, and pp. 306-320. See 
also Scottish Development Agency, 1979, chapter III
ОЕ0Г - "The Electronic Industry”, op. cit., p. 38
Mackintosh, Ian M. - "An Overview of the Electronics 
Industry in Europe", paper prepared to the UNIDO expert 
group meeting on the implications of microelectronics 
for developing countries (B.P. 3), UNIDO, Vienna, 10-12 
June 1981. Quotations are from pages 4 and 6 .



('.8 ) Quoted from Hartley, -John - "TI Japan set to manufacture 
a million 61 К RAMs per mon .h", Electronics T i m e s ,
23 J u l y  1981.

( 39 ) Quoted frota "Selling More Chips to Japan", Business Week,
11 February 1980. In fact, the mobility of Japanese 
engineers and designers to work for non-Japanese firms 
has increased considerably during the last years, as documented in: "Unternehmenswechsel ist nicht mehr Schande.
In Japan zeigt aas Konzept der 'lebenslangen Beschäftigung' 
Auflösungserscheinungen", Blick durch die Wirtschaft, 13 
August 1981.

(lo) According to the 1981 World Markets Forecast of Electronics, 
"...the 21 % prime rate that was announced in mid-f)ecember 
1980 was a backbreaker. Small business will be particularly 
hard hit. But even large manufacturers, if they have not committed funds previously, will hesitate to spend for new 
plant and equipment." Quotation from: Electronics, 13 
January 1981, ?. 122

( 1̂ ) Quoted from H a r t l e y ,  J o h n ,  op.cit.
(и2 ) ibid.
( Ь 3) For more details see chapter 2 .4 . 3. "Recent Trends in the

Memory "Market "

(!i-) Oldham, W.G. - "The Fabrication of Microelectronic Circuits", 
in: Scientific American, vol. 237/ no 3» September 1977

(ii5) Radn, 1980, p„ 106
(b6 ) The most important one being that no differentiation is 

possible between th<; various plants according to size of 
investment, sales voij'me and turnover, product groups, 
stages of production at.d technological complexity.

(З7 ) For recent developments see "China Agrees Laws for Special 
Zones", Financial Times, ?Л September 1981

(¡•8) See the forthcoming study on the Brazilian electronics 
industry by Fabio Erber, University of Rio de Janeiro.
See also the forthcoming thesis on the Brazilian computer 
industry by Paulo Tigre, SPF.U Sussex.

( b g )  Quoted from United States Senate - "Hearings before the
Subcommittee on Banking, Housing and Urban Affairs, Gov. Printing Office, Washington, D.C., T$ January 1980

(3 0 ) U.S. Department of Commerce - "A Report on the U.S. Semi
conductor Industry", Washington, D,C., September 1979 and "Import Trends in TSUSA Items 806.50 and 8O7 .OO”, U.S. 
International Trade Commission Publication 1029» U.S. Government Printing Office, Washington, D.C., January 1980

f
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: Levinthal, Donald J. - "Automate, But 3ring It Back Onshore.
Editorial", Semiconductor International, April 1981, p. 6 
The following quotations from Levinthal are from this 
article.
Figure quoted from: Fleming, Stewart - "Siemens to Build 
up its Overseas Operations", Financial Times, 7 July 19й1.
For an in-depth analysis of the Siemens strategy see 
Williamson, George - "Siemens Starts Second But Finishes 
First", Fortune, 10 April 1978 and Plettner, 3. (chairman 
of the board, Siemens) - "Fiir uns ist Japan kein unbekanntes 
Land", Blick durch die Wirtschaft, 8 May 1981

: Quoted from Fleming,op-cit.
Electronics News of 2 February 1981 for instance gives 
details on a multi-pronged program to train computer pro
grammers initiated by the Singarorian government. For 
Taiwan see for instance: Neff, Robert - "Taiwan Pushes 
High Technology", Electronics, 8 May 1980; Gigot, Paul - 
"A Show Case in the Park. Taiwan is pinning its future 
economic growth on a move into high-technology industries",
Far Eastern Economic Review, 1S July 1980; and Housego,
David - "Foreign (Companies Turn to Taiwan", Financial 
Times, 7 May 1981. The extensive programs which are under 
way in Ireland and Scotland are frequently published in 
the major trade journals, like Electronics’, Electronic 
Times etc. See in particular Scottish Development Agency,
April 1979.

( 5 :, ,, Figures are from: Fleming, op.cit.
( 5 r;} For an in-depth discussion see Ernst, D, - "constraints 

to the Application of Microelectronic Devices - A Much 
Neglected Research Area", chapter 2 of the author's forthcoming, 
book "Crisis, Innovation and the Transition to "ew tat̂ crnr 
Industrial Production", 19¿2.

( 5 , /  For a list of these countries see OECD-Interfutures - "Capital 
Goods - Structural Evolution and World Prospects", Paris, 
December 1979

(5 3 ) In contrast to a widely held belief, semiconductor manu
facturing is not all an environmentally "clean" industry.
In fact, the production of semiconductor wafers, from which 
chips are made, and printed circuit board , into which 
finished chips are stuffed, uses a wide range of toxic 
chemicals and generates a large amount of toxic wastes.
For details see PHASE (= Project on Health and Safety in 
Electronics) - "A. Guide to the Health Effects of Chemicals 
Used in Electronics Manufacturing", Mountain View, California, 
July 1980

(5 9) Case studies on the viability of strategies geared to selective 
choice of world market niches would deserve a high priority 
for future research.

(i,o) Quoted from "U.S. Assault on Trade Barriers", Financial 
Times, 1 June 1981

(6i) Electronics Times, 21 May 1981, p. 14
(Г.9) De Jonquieree, Guy - "How to Exploit Technology?". Financial 

Time e, 3 June 1981
(r, ') ibid.



Ernst, D. (ed) - "Industrial Redeployment and International 
Transfer of Technology: Trends and Policy Issues", special
i s s u e  v i e r t e i , i B n r e B u e i ' n ; i a c <  r i - u u i p m o  u c i -  u u u w  l O M u u m a x a u u c i

(Friedrich Ebert Foundation), Nr. 83, March 4981, iP^p-
OECD - "North-South Technology Transfer: The Issue of 
Feedback Effects", (SPT(80)25j Paris, 15 October 1980 
published as: North/South Technology Transfer - the Adjust
ments Ahead, Paris 1981
Calculated from OECD - "The International Flows of Technology 
to Developing Countries", Analytical Study No. 2, (DSTI/SPR/ 
79-32), Paris, 22 October 1979
Both quotations are from: OECD - North-South Technology 
Transfer...", op.cit., p. 77
For attempts to analyse these recent trends in international 
trada competition, see: Fouquin, M. ; Kessler, V. et al - 
"Redéploiements géographiques et rapports de force industriels" 
Economie Prospective Internationale. N0 ,1981, 116 pp. and 
Turner, L. and Woolcock, S. (eds) - "The Implications of 
Newly-Industrializing Countries for Trade and Adjustment 
Policies", The Royal Institute of International Affairs,
London, 1981 (forthcoming)
See for instance the proceedings of the conference on NICs, 
Morelia/Mexico, September 1981
OECD - "North-South Technology Transfer...", op.cit., p. 77
O'Brien, P. - "Third World Industrial Enterprises as Exporters 
of Technology - Recent Trends and Underlying Causes", in:
Ernst, D. (ed), 1981
CECD - "North-South Technology Transfer...", p. 79
For empirical evidence see: OECD-Interfutures - "Capital 
Goods: Structural Evolution and World Prospects", Paris,
20 December 1979 and OECD - "North-South Technology Transfer 
- the Adjustment Ahead", Paris 1981, particularly chapter VI.
For background information on GE see: "General Electric. The 
Financial Wizards Switch Back to Technology", Business Week,
16 March 1981, pp. 74-79; "General Electric Triumphs in Ad- 
versity", Financial Times, 17 June 1981 and Cox, James A. -
"A Century of tight“, flew York, 1979
Quoted from "General Electric Triumphs in Adversity", Financial 
Times. 1 7 June 1981
For details see "General Electric Triumphs...", Financial Times,
17 June 1981 "
Quoted from "Where Will the Jobs Come From?", The Economist, 
special report, 3 January 1981, p. 53
See for instance: UN - "Transnational Corporations in World 
Development - A Re-examination", study prepared for the Com
mission on Transnational Corporations", E/C.10/38, New York,
20 March 1978
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( 9 ' 05CD — "Technical Change and Economie Police Science sud 
Technology in the New Economie and Social Context", Paris 
I960 and OECE - "North-South Technology Transfer...", op.cit.

;5f) OECD - "Technical Change...", p. 98 
-I' OECD - "North-South Technology Transfer...", op.cit., p. 101

u: OECD - "Technical Change...", p. 99
( 1 : ) ibid.
(51;) Ibid.
(55) OECD - "North-South Technology Transfer...", op.cit., p. 112
(56) Hill, C.T. - "Technological Innovation, Agent of Growth and 

Change", manuscript, Centre for Policy Alternatives, MIT, 
December 1978

(57) IMP - "World Economic Outlook 1981", Washington, D.C., July 
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( 5 8 )  E r n s t ,  D. - " H i g h  T e c h n o l o g y  I n v e s t m e n t  a n d  t h e  C r i s i s  - 
F.ocert T r e n d s  i n  t h e  U . S . " , chapter g of the author's forthcoming 
b ook "Crisis, In n o v a t i o n  a n d  the Tr a n s i t i o n  to N e w  Patterns o f  Industrial  
Produc t i o n  - the Impact o f  Microelec t r o n i c s " ,  1982

(?9) OECD-In ter futures - "Facing the Future: Mastering the Probable
and Managing the Unpredictable. Final Report", OECD, Paris,
June 1979

(90) See for instance Lorenzi, J.-H.; Pastré, 0.; Toledano, J. - 
"La crise du XXe 3iècle", Economics, Paria, 1980, parti
cularly chapters I and VI

(91) OECD - "North-South Technology Transfer...", p. 112
(92) See OECD - "International Cooperation in Science and Tech

nology in the OECD Area. 'Prends, Froblema, Prospects", 
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(9 6 ) UNCTAD -  Geneva, A u g u s t  1 9 0 2 , 200 p.
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Notes
Chapter n - Innovation end International Restructuring of Industry 

in a Period of Crisis- Some Tentative Conclusions 
Drawn from the Experience of Semiconductor Manu
facturing;

i’ For a concise summary see Keesing, D.B. - "Trade Policies 
for Developing Countries", World Bank Staff Working Paper 
No 353, Washington, D.C., August "1979

.1 See the pioneering study of Frobel, F.; Heinrichs, J. and 
Kreye, 0. - "The New International Division of Labour", 
Cambridge University Press, 1980 (Originally published 
in German in 1977)
Posner, 1961; Hufbauer, 1965 and 1970; Vernon, 1966,1970, 
1971 and 1977; Tilton, 1971- For an excellent critique of 
these theories see Madeuf, 1977»
Freeman, 1977» For a stimulating t h e o r e t i c a l  c r i t i q u e  o f  
"technological determinism" and an attempt to reconstruct 
neo-Schumpeterian innovation theory, see: Dosi, 1981
McLean, 1980; Rada, 1980; Eaplinsky, 1981.

(c See for instance: Frobel, Heinrichs, Kreye, 1980.
For a stimulating critique see Truel, 1980a and b.

(? ibid.
(?, The following owes much to some stimulating ideas presented 

by Susan Paine in "International Investment, Migration 
and Finance: Issues and Policies" (Draft), University of 
Cambridge

,1 1 ' Gèze, François - "Le Redéploiment Industriel et le Transfer 
de Technologie. Le cas des grandes entreprises françaises", 
in: Ernst, D. (ed), 1981

(:: This concept has been developed from Bjorkman, Torsten;
Lundquist, Karin; Dimmelatrand, Ulf - "Work Relations, 
Capital Accumulation and Technological Change”, paper 
presented to the Round Table '81 "Socialism, Science, 
Technology, Development Strategies", 21 - 26 September 
1981, Cavtat, Yugoslavia, who distinguish two classes of 
capital accumulation: rationalization of variable capital, 
i.e. labour, versus rationalization of constant capital.
For a d etailed discussion see: Ernst, D., - "Crisis, Innovation
and the T r a n s i t i o n  to New Patterns o f  Industrial P r o d u c t i o n  - the 
Impact of Microele c t r o n i c s " ,  1982 (forthcoming). See also the author's 
future work on "Automating Capital Goods Production in a Period of 
Crisis - the Impact of M i c r o e l e c t r o n i c s  and Implications for Industrial 
R e s t ructuring and International Location Patterns", study to be 
p r epared for UNIDO, 1983 (forthcoming).

(is) See in this context some documents prepared for the OECD- 
Working Partv on Information, Computer and Communications 
Policy (ICCP;, particularly Antonelli, Christiano - "Trans- 
border Data Flows and International Business - A Pilot 
Study", prepared for the OECD - ICCP (DSTI/ICCP/81.16),
OECD, Paris, 2 June 1981 and "Microelectronics, Productivity 
and Employment", proceedings of a special session of the 
OECD - ICCP (27 - 29 November 1979), OECD, Paris, 1981. 
Thoughtful reviews of possible future trends can be found 
in: Wise, Kensall D. et al - "Microcomputers: A Technology 
Forecast and Assessment to the Year ¿COO", John Wiley &



Sons, New York etc., 1980, and Miskell, Ronald V. - "Machine 
Tool Controls. Introduction and Summary", in: "Technology 
of Machine Tools. A Survey of the Art by the Machine Tool 
Task Force", Vol. 4-. "Machine Tool Controls", Lawrence 
Livermoore Laboratory, University of California, October 1Q8C.pp. 1 - 1 2 .  ’
For a vivid account of this type of internationalisation 
strategy see Frobel, Folker et al
- "The New International Division of Labour", Cambridge 
University Press, 198C

For the original presentation of this concept see: Bsbbacre, 
Charles - "On the Economy of Machinery and Manufactures", 
London, Charles Knight, 183e: (reprinted 19'71 by Augustus M. 
Kelley-Fublishers, New York)
Marx, Karl - "Capital" (english edition), Penguin, Vol I, 
p. 534-
Quoted from Bjorkman et al, September 1981, p. 4-. See the 
classical studies: Braverman, Harry - "Labour and Monopoly 
Capital. The Degradation of Work in the Twentieth Century", 
Monthly Review Press, New York etc. 1974-; Coriat, Benjamin 
- "L'atelier et le Chronomètre", Christian Bourgois Editeur, 
Paris, 1979 and Freyssenet, Michel - "La division capitaliste 
du travail", Savelli, Paris, 1977

See for instance: Ansoff, H. Igor et al (editors) - "From 
Strategic Planning to Strategic Management", John Wiley & 
Sons, New York, 1976
See chapter IV "Energy Reauirements in the Manufacturing 
Sector" of UNIDO - "World"Industry in 1980. Regular Issue 
of the Biennial Industrial Development Survey", Vienna, 1981 
and UNIDO - "Industry 2000.New Perspectives" (ID/Conf **-/3), 
Vienna, 30 August 1979, p. 4-
PIW = products in work. For details see Lamborghini, Bruno 
and Antonelli, Christiano - "The Impact of Electronics on 
Industrial Srructures and Firm's Strategies", in: OECD - 
"Microelectronics, Productivity and Employment", Paris 1981
Bjorkman, Torsten et al - "Work Relations, Capital Accumu
lation...", op.cit. The following quotation is from page 5.
See the standard study by Engelberger, Joseph F. - "Robots 
in Practice. Management and Applications of Industrial 
Robots", Kogan Page, London, 1980, particularly chapter 7 - 9  
For a critical assessment see Coriat, Benjamin - "Robots et 
automates dans les industries de série. Esquisse d'une 
"économie" de la robotique d ’atelier”,paper presented to 
the ADEFI (* Association Pour Le Développement Des Etudes 
Sur La Firme Industrielle) conference "Les Mutations Techno
logiques", Chantilly, 18-19 September 1980
The "parallel units" or "dual sourcing" approach today is 
an established practice for major multinational corporations. 
Two prominent cases aro Ford and IBM. It was Ford that intro
duced this management technique into the car industry as a



means of protecting itself from, labour disputes in its 
own plants or that of its suppliers.
And IBM has made this "rar^lTel units'' approach
a basic element of its business philosophy: for each product 
there should be at least three plants within IBM which 
share responsibility. This would apply for instance to IBM's 
captive production of VLSI memories which is divided between 
two U.S. based plants and the plant of IBM Deutschland GmbH, 
Stuttgart; located at Hulb near Sindelfingen. See: archives, 
Frojekt Technologietransfer Hamburg.

' "The New Industrial Relations", Business Week special report, 
11 May 1981, pp. 98 - 68. For an excellent critique see 
Plotke, David - "Technology and Social Development in the 
Contemporary United States: Political and Theoretical 
Issues", paper presented to Round Table '81 "Socialism, 
Science, Technology, Development Strategies", 2 1 - 2 6  Septem
ber 1981, Cavtat, Yugoslavia

v h) Definition taken from Barron, I. and Curnow, R. - "The 
Future with Microelectronics. Forecasting the Effect of 
Information Technology", The Open University Press, London, 
1979, PP* 28, 29* The most comprehensive study available 
is: Nora, S. and Mine, A. - "L'informatisation de la 
Société", Paris, La Documentation Française, 1978 (also 
available now in English as: "The Computerization of Society", 
Cambridge, Mass., MIT Press, 1980).

(25) Micro-processor » the central processing unit of a computer 
implemented on a single silicon chip.

(?6) Telematics » telecommunications plus informatics.
(27) Bubble memory is a memory system in which data are stored 

on moving bubbles of magnetism on a semiconductor, this 
storage being nonvolatile.

( 2 8 ) See, for instance, Buchanan, J.R. and Linoves R.G. - "Under
standing Distributed Data Processing. What Managjrs Need
to Know to Make the Most of the Coming Developments in In
formation Processing", in: Harvard Business Review, July - 
August 1980.

(29) See, for instance, "Chipping a Way towards Total Control 
Capability. Special Report on Computer Numerical Control", 
in: Metalworking Production, April 1979*

(30) See the market survey of Dataquest, Inc. - "Systems of Com
puter Aided Design (CAD), Computer Aided Manufacturing (CAM) 
and Computer Integrated Management (CIM)", Cupertino, Cali
fornia, October 1979, 300 pages.
See also the author's forthc o m i n g  case study "Automating Capital Goods 
P r o d u c t i o n  in a Per i o d  o f  Crisis - the Impact of Microelec t r o n i c s  and 
Implic a t i o n s  for Industrial Restru c t u r i n g  and International Location 
Patterns", study to be p r e p a r e d  for UNIDO, 1983 (forthcoming).

(31) Shaiken, H. - "Computer Technology and the Relations of 
Power in the Workplace", Wissenschaftazentrum 3erlin 
IJVG/dp/80-217, Berlin, October 1980, p. 44. For similar 
examples see: "Report on the TIE (» Transnational Infor
mation Exchange) Seminar on the Telecommunications Industry",



in: TIE, No. 6, July - September 1980, especially the 
report on the attempts of both Siemens and. Daimler Benz 
to introduce "Longterm Personnel Planning" systems, i.e. 
sophisticated data bases which develop complete profiles 
of individual workers (up to 900 different information 
elements for each worker).

(32) Antonelli, Christiano - "Transborder Data Flows...", op.cit.
(33) ibid., p. 6 
(3h) ibid., p. 7
(35) ibid., p. 8
(36) “Singapore Determined to Secure Place in World Aviation 

Industry", Financial Times, 25 September 1981
(37) Antonelli, Chriatiano - "Transborder Data Flows", op.cit.

p. 8
(38) This would apply particularly to the "New International 

Division of Labour" school, as formulated for instance 
in Frobel et al - "The New International Division of 
Labour", op.cit. For an in-depth discussion see Gèze, 
François - "Le Redéploiement Industriel et le Transfert
de Technologie. Le cas des grandes entreprises françaises", 
in: Ernst, Dieter (editor) - "Industrial Redeployment and 
International Transfer of Technology: Trends and Policy 
Issues", special issue of Viertel.iahresberichte. Problème 
der Entwicklungslànderforschung (Friedrich Ëbert foundation 
5onn, March 1981

(3 9 ) For a detailed theoretical and empirical t r e atment see Ernst, D.,
- "Crisis, Innovation and the Tr a n s i t i o n  to N e w  P a tterns of Industrial 
P r o d uction - the Impact of M i c r o e l e c t r o n i c s " ,  1982 (forthcoming).
See also the author's f o r t h c o m i n g  case s t u d y  o n  " A u t o m a t i n g  Capital 
Goods Production in a Peri o d  of Crisis - the Impact of M i c r o e l e c t r o n i c s  
and Implication for Industrial R e s t r u c t u r i n g  and I n t e r n a t i o n a l  Location  
Patterns", study to be p r e p a r e d  for UNIDO, 1983-
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