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FOREWORD

The object of this study is to present and to analyse the world
electronics_industry and its development prospects. According to
the normal classifications this industry consists of industrial
electronics, with in particular informatics and telecommunications,
hardware and software, electronics components and the so-called
measurement and regulation industries. Also included are Mass
Consumer electronics, medical electronics and all activities which
directly contribute towards forming the electronics "complex”. The
global nature of the study does not however make it possible to
provide a detailed treatment of each of the very numerous sub-fields
which are involved.

The study is to evaluate the impact of this electronics industry
on all economic activities and, in order to attain its objective,
vhich is to illuminate the choice of actions designed to promote
electronics production in the Third World nations, will endeavour to
specify what are, at the present moment, the absolute and relative
achievements and strategies of not only the major industrialised
countries and the principal firms in the world, together with the
characteristics and trends of the principal world markets for
products and services,




Chapter

Chapter

Chapter

Chapter

Chapter

Chapter

11

II1

Iv

v

V1

-_— IV -
GLOBAL STUDY ON
WORLD ELECTRONICS

GENERAL SUMMARY

A description of world technico~industrial evolution
The iwpact of the age of electronics on all economic activities

An evaluation of the strategies of firms and of national
performances

An overview of public authority strategies in the industrialised
countries

Characteristics and trends of the principal world markets for
products and services

Obstacles and possibilities for promoting electronics production
in the Third World nations.




- YV =

CONTENTS

SUMMARIES CF CHAPTERS I TO V1

Chapter 1 A DESCRIPTION OF WORLD TECHNICO-INDUSTRIAL
EVOLUTION
1. A technico-industrial definition of electronics

ettt gt e
L]
N8 W N
L]

2.2.

2.3.

2.4
3.
3.1.

3.2.

3.3.

bu

k.ll
402.
4.3.

Technique

From technique to industry

From technique to technology

The three ages of the technico-industrial system (Figure I-1)
The age of electronics

The structuring of the age of electronics

(Figure I-2)

The birth of the electron as the origin of a prolific
mother—-technique

Advances in the transmission and electronic processing
of the signal (1925-1955)

The mastery of an irradiating technique (1955-1985)

2.3.1. The micro-electronic basis

2.3.2. The development of the electronic processing
of information

2.3.3. The mutation in t(elecommunications

The inauguration of a new technico-industrial age (Figure 1-4)

Technical prospects for the eighties

The deepening of the mother-technique: progress on the
building bricks (Table I-5 and Figure I-6)

Speed and facility in communications: opto-electronics
and standardisation

3.2.1. The search for technical combinations (Figure I-7)
3.2.2. Opto-electronics, a major contributory technique
3.2.3. Standardisation: a constraint on communications
Networks and knowledge

3.3.1, High-definition television

3.3.2. Integrated Service Digital Networks

(Table 1-8 ané Figures 1-9 and I-10)
3.3.3, Software and artificial intelligence (Figure I-11)

Evolution of production ccnditions in electronics

The general characters of a milti-intensive dynamic
The case of the integrated cirruits industry - memories
The case of the television receivers industry

kages
1 -23

24

24
25
27
29
32

33

35

37
39
39

42
45
49

51

52

57
58
61
62
62
62

64
63

73
73

81
93




Chapter II THE IMPACY J¥ THE AGE OF ELECTRONICS ON ALL
ECONOMIC ACTIVITIES

1. An evaluation of the degree of diffusion of electromnics 99
2. Another manner of production 106
2.1. "Mechatronics"™ (La mecatronique) 106
2.2. Local industrial networks and logistics 108
3. A critical appreciation of the employment-productivity dilemma 110
4. An incomplete list of modernised activities 113
4.1. Steel 113
4.2, Chemicals 114
4.3. Petroleum 114
4.4, Automobiles 114
4.5. Textiles and clothing 116
4.6, Agriculture 116

Chapter 111 AN EVALUATION OF THE STRATEGIES OF FIRMS
AND OF NATIONAL PERFORMANCES

1. The firms : the boiling up 118
1.1. A planetary dimension 118
1.1.1. The strategy: a global vision 118
1.1.2, The structure: a global oligopoly 119
1.1.3. The actors: an exclusive club 123
1.2. The strategic revision 126
1.2.1, Relocation reconsidered 126
1.2.2, Cooperation in all directions 134
1.3, Zooming in on the sectors 139
1.3.1. Informatics: the new datum 139
1.3.2, Software: consolidation 143
1.3.3. Telecommunications: the challenges of I1SDN 145
1.3.4. MCE: new prospects 148
1.3.5. Components: the major upheavals 151
1.4. Conclusions 156
2., The nations: the break-point 156
2.1. The geography of world electronics 156
2.1.1, Production: a refiection of industrial strategies 156
2.1.2, Markets and trading: factors for tension 161
2.2, The mercantilist temptation 165
2.2.1, The United States: rejecting GATT? 165
2.2.2, Europe: the last trump card? 168

3. Conclusions 171




—vii —

Chapter 1V AN OVERVIEW OF PUBLIC AUTHORITY STRATEGIES

*
VW -
.

.
W.NIO—

& &b & :.nuuuw

IN THE INDUSTRIALISED COUNTRIES

The founders: the United States (Table IV-1)

The dominant challenger: Japan (Figure IV-2 and Table IV-3)

01d Europe's somersault

A general overview of some interventions (Tables IV-4 and IV-5)
The German policy (Table 1IV-6)

The British policy (Table IV-7)

The French policy (Table IV-8)

The ESPRIT programme (Table IV-9)

Technological competition between the nations

Mechatronics (Table IV-10)
Deregulation of telecommunications (Table IV-11)
Artificial intelligence (Table 1IV-12)

Chapter V CHARACTERISTICS AND TRENDS OF THE PRINCIPAL

1.

2,

3.

WORLD MARKETS FOR PRODUCTS AND SERVICES

The general movement

. From MCE {o industrial equipment
.« Sustained growth

. The eighties

. Rosy prospects

S WA -

Informatics: increasing power

5. The rise of the small firms
6. Parallel processors

7. Personal computers

8. Mini-couputers

9, TUniversal computers

10. Super-computers

Software: the crossroads

11, The expansion of the independents
12. CASE

13. Operating systems

14. The UNIX staudard

15. Artificial intelligence

174
179
183

183
185
187
189
191

194

195
196
197

199

199
200
200
201

204

204
206
207
208
208
209

210

210
213
214
214
214




6.

7.

Telecommunications: compression agaiust ISDN

— viii -

16.
17.
18.
19.
20.

Convergence with iaformatics
T-1 MUX

High-speed modems

The role of the PCs

Fibre optics

Mechatronics: the great expausion

21. Convergence

22. Communications protocols

23. CAD/CAM

Mass consumer electronics: the last gasp?
24. Revolution or evolution?

25. High-definition TV

26. The other products

27. Hi-Fi

28. The integration of electronics

29. Domestic electrical appliances

Semiconductors: the highs and the lows

30.
31.
32.
33.

A high rate of growth
The ASIC

Power components
Microprocessors

Conclusions

215

215
217
217
218
219

220

220
220
221

223

223
223
225
226
226
228

228
228
231
232
232

234




- IX -

Chapter VI OBSTACLES ARD POSSIRILITIES FOR PROMOTING ELECTRONICS

1.

1.1,

1.2.

103.

2.1.

2'2.

2.3.

PRODUCTION IN THE THIRD WORLD NATIONS

Too restricted a participation in world

electronics production

The multinationals relocate to lower wages:

jobs and forcign currency

1.1.1. The New International Division of Work

1.1.2. The “offshore™ installations of the multinationals
1.1.3. Public encouragement: export free zones and

special import tariffs (Table VI-1l, Figure VI-2
and Table VI-3)

Intensification of the recourse to electronics products:

to purchase or to maaufacture?

1.2.1. The spontaneously increasing consumption of electronics
eats into foreign currency (Table VI-4 and Figures
VI-5 and VI-6)

1.2.2. An emerging wish to transform technology by way
of electronics (Table VI-7)

From comparative advantages to the laws of the World

Industrial System

1.3.1. The objective limits to wage cost advantages

1.3.2. Difficulties in mastering a high-technology global
industry

1.3.3. The facilities for dependent insertion by way of
assembling or copying

Towards an industrial strategy for entry into electronics

What point(s) of entry?

2.1.1. A critical examination of simplistic responses:
softwares and ASICs

2.1.2. Focalisation~-articulation requirements

2.1.3, Complexity level requirements (Table VI-8)

What tactics?

2.2.1. Recourse to foreign technology

2.2.2, Seeking a level of global competitiveness (Table VI-9)

What probleus?

2.3.1 Rejecting miserable dependence and sordid

independence (Figure VI-10)
2,3.2. Linking a social dynamic to the World Industrial System

235

235
235
236
236

242

2542
248

251
251

255
256
256
256

256
258
259
263
263
266
268

269
270

ANNEXES Pages 27 - 304




1.

l.l.

1.2.

1.3.

-1 -

SUMMARY OF CHAPTER 1

A DESCRIPTION OF WORLD TECHNICO-INDUSTRIAL EVOLUTION

A TECHNICO-INDUSTRIAL DEFINITION OF ELECTRONICS

The technique

1. The elementary technical object: the tool.

2. The technical complex: the combination of elementary techniques,
contibuting towards a technical act.

3. The technique: a corner in nature: force, matter, physical or
informational displacement, ENERGY, MATERIALS, COMMUNICATION.

From technique to industry

4. The industry: utilisation of the technique to produce. Technique and
industry are indissociable.

5. A field of autonomy for the dynamism of technical creation.

6. Affiliations by predetermined technical 1lines: the genealogy of
techniques.

7. The mother-technique, particularly prolific, organises an increasingly
complex-technique with multiple contributory techniques.

8. The technical trajectory: a wminimm of autonomy in technical
evolution or a determinism linked to the accumulated past and the
nature to be acted on.

9. The cluster of technical innovationms.

10. The pervasiveness of a technique, a factor for homogenisation of all
the technical complexes.

From technical progress to technological progress

11, Technical evolution proceeds by its interaction with industry. The
homogenisation and progress of technical complexes advance through the
resolution of tensions revealed between the industrial acts which
permit the various complexes.

12. Examples. Strong industrial stimulants for technical creation.
Procedures for the industrial selection of technical progress.

13. This justifies the concept of the technico-industrial system.

14, A transitory separation between technical know-how and scientific
know-how. The chronological gap between the progress of one and the
other.

15.

Interaction between the two orders of knowledge which give rise to
technology. Technical progress and technological progress thus merge
within the technico-industrial systen.
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1.4. The three ages of the technico-industrial system

16, At the heart of a technico-industrial system founded on a homogeneous
and viable assembly of technical complexes is found "the machine™, the
support around which the industry organises production.

17. A technique of very high pervasiveness constitutes a control point in
the techanico-industrial system since it is capable of provoking the
recomposition of most of the technical complexes and their new
homogenisation.

18. An energy as the control point of the first technico-industrial
system: the age of steam.

19. From the age of steam to the age of steel, a material, the historical
dynamic of the technico-industrial systems (Figure I-1: The
historical dynamic of the technico-industrial systems).

1.5. The age of electronics

20. A new technical supture with the microprocessor (1971) which gives
birth to the age of electronics. |

21. Electronics is "all those techniques which utilise wvariations in
electrical parameters (electromagnetic fields, electrical charges) to
sense, transmit and process information".

2. THE STRUCTURING OF THE AGE OF ELECTRONICS

22. Electronics forms & technico-industriai complex around a mother-
technique.

23, Two technico-industrial sub-fields: the transwmission of information
and the processing of information which tend, because of the advances
of the mother-technology, to become merged (Figure 1I-2: The
electronics industry, 1904-1984).

2.1. The birth of the electron as the origin of a prolific mother-technique

24. The transmission of information: from the telegraph to transatlamtic
radio sustained by navies and armies.

25. The processing of information: the typewriter for offices and the
punched card machine for censuses.

26. The electron, the diode ard the triode.

27. The great potential ertension of the telephone and radio-transmission.

28. The extended growth of firms in the electrical industry with the birth
of electronics.

29. The development of the data processing firms, in particular IBM.

2.2, Advances in the transmission and electronic processing of the signal (1925-

1955

30. The genesis of mass consumer electronics: television, cinema, record-

31.
32,

players, tape-recorders.
Industrial, military and aerospace electronics.
Valved computers for ballistic computations: ENIAC
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2.3. The mastery of an irradiating technique (1955-15385)

2.3.1. The micro-electronic basis

33.

34.

The perfect pervasiveness of electronics is acquired by the shift from
vacuum valves to the solid semiconductor, first the discreet
transistor then integrated into a circuit: the chip.

The density of integration doubles every year to reach very large
scale integration (VLSI) by the end of the seventiec, when circuits
had become intelligent with the microprocessor, the real information
processing machine. The chip becomes the basic brick im the service
of the electronics comstruction industry (Table I-3: Electronics
construction in 1985).

2.3.2. The development of the electronic processing of information

35.

36.

37.

38.

39.

40.

41.

The physical construction, or hardware, is accompanied by the
software, a non-physical service of design, architecture and
operation, the two being indissociable within the electronic
construction industries.

The generations of computers. The first were computers using valves,
the second replaced these with transistors (from 1959 onwards) and was
accompanied by the widespread use of the first universal programming
languages and a first offshoot, the minis (PDP).

The third generation, with the IBM 360 in 1965, installed large data
processing (informatics) for management purposes in large firms and in
public administrations.

To achieve tkis required major R and D expenditure by IBM, which was
integrated vertically and standardsed its operating systems throughout
its range; it invented the EBCDIC code and the octet and developed a
leasing system. Result: large-scale informatics grew in value
by 20% a year.

The fourth generation ensured, duriang the seventies, the maturing of
large centralised informatics and the explosion of other infurmatics
concepts,

Mini-informatics developed at the same time as the CRAY super-
computers.

Micro-informatics constitutes one of the direct applicitions of the
pervasiveness of the mother-technique of data processing. In 1985
twenty million micro-computers were in operation throughout the world,
scientists' work stations or secretarial workplaces. The concept of
distributed informatics emerged.

2.3.3. The mutation in telecommunications

42,

43,

44,

Unidirectional transmission is slowly transformed with cable TV
networks in the United States, then the transatlantic transformation
by satellites (1962) which combined TV and the telephone. After 1980
videotext gave the same combination, and the home computer combined
this with informatics. Home informatics was approaching.
Bidirectional transmission progressed in switching systems, the speeds
and modes of transmission and the nature of the ©possible
communications,

Telephone exchanges became automated, then transistorised (1960) and
finally became entirely electronic (1970), formirg true data
processing machines with their hardware and software problems,




45.

46.

47.

2.4, The
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The range of services offered by the telephone systems extends to data
communication and advanced or value added services, all these being
permitted by technical advances. Faced with the variability in
costs, of needs and of payment capabilities, the public monopoly of
telecommunications services, held by the "carriers" and their practice
of a generalised balance between users and uses, gave way gradually to
a deregulatory movement.

The satellites, the point of interaction between electronics and
aerospace, become geostationary transponders. INTELSAT dominates
intercontineatal communications at very reduced costs for telephones,
data transmission and television. Direct television satellites also
appear with private global systems of advanced telecommunications.
Coaxial transatlantic cables (1956) evolve with the transistorisation
of their repeaters (1964) but have to face a future with fibre optics
(1972) which, thanks to lasers (1958), form tomorrow's economic
alternative to satellite telecommunications and are already showing
high performance in local informatics networks and for transmiscions
in an electrically hostile environment.

inauguration of a new technico-industrial age

48.

49.

50.

51.

(Figure I-4 : The stru.turing of the age of electrcnics)

Around the componeats two sub-fields can be distinguished.
Electronic computing as information processing has become, under the
impact of the evolution of the mother-technique, communications-
informatics extended to the processing of texts, images and sounds.
Telecommunications are turned upside down by digitisatior which, in
addition, extends the range of services by demanding real information
processing within the old fields, which explains the cross- competition
between IBM and ATT.

Telecommunications, the switching of major flowlines and infirmatics
as the principle of the electronic manipulation of information retain

their spezific characteristics but interlock. Mechatronics today
illustrates the cerebrofactive nature of the transforming activity in
workshops and laboratories. Office informatics (bureautique) for

administrative work in the office and home informatics (domotique) for
household work in the home form, with mechatronics (mecatronique), the
new complex need-product pairings which are born from the
implementation of the new technico-industrial age.

Informatics itself evolves b the generalised recourse for its
packaging and its maripulation to the new universal "alphabits” of
communication which the basic bricks of electronics construction can
process., The new technico-industrial age is thus also that of
communication.

3. TECHNICAL PROSPECTS FOR THE EIGHTIES

52.

Evolution will be in the hands of the dominant actors in the technico-
industrial complex. Everything leads to the assumption of a future
period of a deepening and enlarging of the scope of the technico-
industrial complex around the same mother-technique, in increasing
interaction with opto-electronics. The digitisation of information
affects television and ISDN and all the machines will tend to process
knowledge rather than information.
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3.1. The deepening of the mother-technique: progress on the building bricks

52.
54.

55.

56.

57.

58.

59.

60.

61.

The pursuit of integration along the same technical line?

The example of the DRAM memories show that the old integration
factors: line widths, design features, filling ‘levels and surfaces of
circuits, will still play their role (Table I-5: The determinants of
integration progress).

At the time of the mass production of 1 Mbit memories industrialists
are already envisaging the mass production in the year 2000 of 64 Mbit
memories. It is therefore necessary to count on the maintenance of
the rate of evolution of their performance.

The design of integrated circuits will «call on artificial
intelligence. Optical 1lithography will continue to permit the
production of 4 Mbit and 16 Mbit memories by using a system cf
automatic alignment.

X-ray photorepeaters will make the lithography of 64 Mbit and larger
memories possible. Direct writing with an electron beam will play a
complementary role,

In addition to the classical etching techniques other competitive
techniqaes, which are either already operational or under development,
could ensure the quality of this stage at the coming 1levels of
miniaturisation.

Microprocessors are likely to experience, in addition to considerable
technical evolution, an extension of their utilisation as the basic
modules for information processing. (Figure I-6: The evolution of
integrated circuits and microprocessors)

One can however see an evolution in architecture (RISC) and the
emergence of a new concept of operating systems (TRON). The coming
years will above all see the specialisation necessary for what is,
despite its very small size, a system which is sometimes very complex,
as in the case of microprocessors.

Integrated circuits should be defined as a function of specific
applications: Application Specific Integrated Circuits or ASICs.

3.2, Speed and facility in communications: opto-electronics and standardisation

62.

63.

3.2.1.

64.

65.
66,
67.
68.

Superconductivity remains a promising field without fundamental
implications which can be forecast between now and the year 2000.
Gallium arsenide is 1likely to form the substrate for very rapid
integrated circuits for specific applications.

The search for technical combinations.

The coming years should see the development of technical combinations
and heterostructures. (Figure 1-7: The relative performances of
integrated circuits according to the techniques)

The qualificative subdivisions of the various types of integrated
circuits - bipolar - MOS - seem to need redefining.

In power electronics it is necessary to await the appearance of true
integrated circuits.

Three-dimensional (3D) integrated circuits should provide remarkable
products in the nineties.

The 1logic of avoiding losing within the links the gains achieved
inside each component by its miniaturisation will need to btz studied
in greater depth. It should lead to the development not only of
ASICs (cf. 61) but also to customised hybrid circuits,




69.

70.

71.

3.2.2.
72.
73-

7‘.

3.2.3.

75.

76.

77.
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This type of circuit has developed a concept which has led in the case
of printed circuits to the technique of surface mounted devices (SMD),
a technique which should becor:> dominant during the nineties.

Thin or thick film hybrid circuits should lead to the wider diffusiom
of electronics in innumerable potential industrial applicationms.

The search for technical combinations for these same reasons should
ensure high rates of development for integrated circuits of the bi-MOS
type.

Opto-electronics, a major coantributory techanique.

For point-to-point communications at a distance the nineties will be
the decade of fibre optics.

However optical switching and the optical computer cannot be envisaged
within this time-scale.

But opto-electronic components will undergo very considerable
progress, in particular for compact discs, laser printers and all
signalling fields (not so far electronised).

Standardisation: a constraint on communications.

For the potentialities of rapid communication to be reflected in
economic advantages, and for these to be effective, it is necessary
that the communicants should understand each other; this is the field
of standardisation.

The 0SI (Open Systems Interconnection) model with seven layers of the
International Standards Organisation, is being used and has received
the recent support of the major industrial firms,

The creation of a group of wusers, such as MAP (Manufacturing
Automation Protocols), illustrates the progress being carried out
towards increased possibilities of inter-functioning between the
information processing machines necessary for any netwvork.

3.3. Networks and knowledge

3.3.1.
78.

79.

80.

81.

3.3.2,

82.

High-definition television.

The nineties will see the digitisation of mass consumer electronics
and the extension of the electronics concept to domestic electrical
appliances, prior to the subsequent maturing of home informatics.

One will also see expected but uncertain technical evolutions in
already old types of products such as digital tape-recorders and
compact discs, with the proliferation of minor technical innovations,
guided by the opportunities of the market,

The major event in mass consumer electronics in the nineties will be
the arrival of high-definition television, whilst the gradual
extension of TV broadcasting should lead, towards the year 2000, to
nearly half the planet participating quasi-simultaneously in cultural
rites. Technically this matter is linked to advances in very many
fields.

The technico-industrial character of this evolution is linked with an
international regulatory decision of which the importance is already
appreciated: the standardisation of high-definition TV where Japanese
and European proposals are in competition.

Integrated Services Digital Networks.
The major project of the nineties is that of the installation of a

coumunications network which carries not only speech but, more
generally, every type of information.
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87.

89.

3.3.3.

90.

91.
92.

93.

9.
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Choices with a technical iwmplication will be takea in the coming
years, for exacple between a universal network like the existing
telephone network and a group of specialised applications or users
netwvorks.

For some ISDN is partly a technical myth, weaning "I Still Don't
kNow!"™,

The digitisation of transmission and switching remains embryonic in
many countries where analogue switched speech networks co-exist with
digital switched networks for data packets. The move from this
situation to an ISDN is vieved differently by the leading coumtries.
However there is a kind of agreement on the imnstallation of a so-
called narrow band ISDN at 144 kbits/s which should, by the year 2000,
form a basic characteristic and govern from that date onwards the
technical development of components and equipment (Table I-8:
Installation of a first-generation ISDN in the European countries).

It is only after the year 2000 that it is possible to eavisage a
network capable of carrying high-definition colour images through a
wide band ISDN or IBCN (Integrated Broadband Communication Network).
This distant target poses problems for the discussion on the immediate
standards for the narrow band ISDN,

For example the choice of real-time synchronous multiplexing for
digitised speech, transmitted at 64 kbits/second seems very arguable
at the present time: the evolution of switching will be affected and,
with this, the coming generations of exchanges (Figure 1-10:
Necessary developments in switching techniques: amendment to the
1SDN).

Software and artificial intelligence.

Any progress in the hardware must be accompanied by progress in the
software, whether opervating software - partly integrated into the
hardware as "firmware™ - or applications software or dedicated
programs for specialised uses. Software becomes the critical point
in the development of information processing machines.

More than 60% of working time in the production of electronics goods
should be devoted to the software.

Software engineering should develop with analysis assisting and
structured-design tools, together with automatic code generators.

The search for continuity in the utilisation of programs has led to an
attempt by the major informatics manufacturers to draw up jointly
their next operating systeam. It does not seem that this can be done
without difficulties.

In the field of artificial intelligence one should expect the
multiplication of expert systems, sir ’ifications in the use of
information processing machines and  he development of their
capabilities for visual and oral recognition (Figure I-11: Evolut-n
in artificial intelligence according to MITI (Japan)).

4. EVOLUTION OF PRODUCTION CONDITIONS IN ELECTRONICS

4.1. The general characters of a multi-intensive dynamic

4.1.1,

9s.

Righly dynamic conditions

The same type of evolution will be followed, irrespective of the
product of electronics construction.
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100.

101.

102.

‘.1.2.

103.

104.

105.

106.

107.

108.
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The rapid changes in *he characteristics of the product means
that information processing machines are constantly less
expensive, smaller and more rasid (Figure I-12: Computers and
information processing: cheaper, smaller and faster).

Falling absolute prices with improved performance in the case of
mass consumer products such as the IBM-PC.

In the case of other products it is the absolute price of the
unit service rendered which is falling. For example the price
per MIPS (millions inmnstructions per second) im informatics
(Table 1I-13: Evolution of the NMIPS cost for various IBM
computers).

This is also the case with the cost of one channel on a communi-
cations satellite (Table I-14: Evolution of annual Intelsat
costs).

This is linked in particular with evolution in the performance of
components and should therefore continue with the developments
forecast for these components. This is confirmed by the costs
of satellite telecommnications circuits (Table I-15: Forecast
evolution of annual <costs for a half-circuit in a
telecomminications satellite in 1983 US Dollars).

More generally a fall in the cost of telephone communications has
been recorded. Technical progress such as fibre optics reduce
the cost of services when they are advanced, that is to say for
very high loadings (Figure 1-16: Cost/performance comparisons
between copper and fibre optics cables).

These very dynamic characteristics give apparent facility but
mask the difficulties linked to the multi-intensive character of
production.

But with difficulties linked to the multi-intensive character of
production.

The intensity of technical progress gives advantages to producers
near to the manufacturers of components (Table 1-17).

This is impelling firms to vertical integration.

The convergence of formerly more distinct branches and their
common and necessary proximity to the manufacturers of components
imposes and cements an extended range of contacts to remain
within the rhythm of developments and on highly disputed markets,
The high intensity of Research and Development requires many
highly qualified personnel and very high and increasing
expenditure with technicel progress, to such a point that in
certain sub-fields, such a. that of telephone exchanges, it is
necessary to expect a reduction in the nuaber of manufacturers.
The high intensity of qualified personnel relates not only to R &
D but also to software which it is necessary to develop and
support at the same time as the hardware and the automation of
the production process. Generally speaking non-skilled jobs are
tending to be massively reduced in the electronics industry
(Tarle 1-18: Employment and its structure at Siemens (Germany)).
The profitability of such intangible investments demands
sufficiently large markets for which the automated plant and the
adequate production capacities generally lead to high investments
vhich make this industry increasingly capital-intensive. Some
exceptions remain, for example for products manufactured for a
protected market or defined with original specifications, and
which define a wmarket segment (Table 1-19: Technical and
investment levels in some products of the electronics industry).




4.1.3.
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110.

111,

112.

113,
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Copying to avoid the difficulties.

Escaping from the multi-intensive character of the dynamic by
"svimming in the wake of a big fish",

The IBM compatibility "invented™ in 1976 by AMIDHAL evapcrated
with the IBM-PC and the proliferation of its clomes. It
involved coanstructing an almost conforming copy of an information
prucessing msachine of which the majority of the componeats are
gvailable on the market.

This introduces a de facto standardisation and poses copyright
prcbleas, Many actions have been initiated, most national
legislations trying to protect the market leaders.

Copying is however possible by agreement with the original
producers, and is fairly frequently practised with OEM (Original
Equipmen: Manufacturer) and second source systems.

These general coanditions may be amended or supplemented here and
there as may be seen in the two cases examined below.

4.2. The case of the integrated circuits - memories

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

The production of semiconductors is partly captive, to the extent
of a third of the total in the United States.

The directing group of the producers on the market are attempting
to master an optimal trajectory for lowering prices with the
renewal of products, as for example in the case of memories.

As evidence a curve of global apprenticeship can be adduced
(Figure 1-20: The curve of global apprenticeship per wmemory-
bits).

This will have repercussions on all products of electronics
construction (Figure I-21: Evolution of prices per memory-bits
and of electronics products).

All categories of integrated circuits have a very brief renewal
and life cycle during which the price forming process is itself
modified (Figure I-22: Product cycles in integrated circuits).
Cycles from one generation to another depend on increasing
volumes (Table 1-23: Evolution in deliveries of DRAM
generations).

In the same manner the Research and Development costs and the
duration of development times are both rising. The mean R and D
effort represents 10% of turnover and has risen to about US$ 100m
for three years of work in respect of the latest generation of
memories (1 Mbit) placed on the market.

Manufacturing costs are also rising, in particular for the
lithography which is the largest item (40% to 45%).

The investments <o be made are therefore considerable. On
average they represented 10X of the turnover in 1975 and rose to
23% in 1984,

This very rapid path (Table 1-24: Evolution in 1lithography
plant) is made more delicate by a short-term evolution disrupted
by phenomena of acceleration of the derived demand, giving it a
cyclic character (Figure 1-25: Half-yearly ratio of orders
against invoice of DRAM integrated circuits).

Price evolutions are simultaneously subject to the effects of the
product cycle, of fluctuations in the demand and the aggressive
investment strategies of certain producers (Figure I-26: The
abnormal fall in memory prices; Figure I-27: The Japanese path
of investment in semiconductors).
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4.3. The case of the television receivers industry

125.
126.

127.

128.

129.

130.

131.

132,
133,

134.

135.

136.

137.

138.

139.

140.

141,

The television set, the origin of mass consumer electrenics,
still remains the pilot product.

The industry is highly councentrated, aad todov fewer tham ten
producers share the world market.

Evolutions in techniques and the weight of investments, even more
than the potential expansion of the market, have made it
essential to move on to long series production.

The consequence has been a trend towards natiomal conceantration
in the sixties, then on a global scale in the seventies, mairly
under the influence from Japanese firms.

The Japanese simultaneously exported their television sets by
promoting their brands and by purchasing American plants and
brands.

Their success is reflected in the almost complete dismantlement
of the local American production apparatus.

As from the middle of the sixties new lines of development
appeared: relocation, automation and joint firms, mainly in the
industrialised countries.

European firms, protected until then by standards, reacted by a
process of concentration around two firms, Philips and Thomson.
Thoasor has imitated Japanese know-how in automating, relocating
and, like Philips, reducing sanpover levels.

Increasing the uniformity of production conditions locates the
critical size at 2 million sets a year in order to take account
of the magnitude of Research and Development expenditure and
technical progress.

The first technological break-point was the introduction of
colour in the sixties, which resulted in the disappearance of
certain firms, such as those in Argentina,

Other progress should be noted: improvements in sound,
reductions in energy consumption, the introduction of integrated
circuits and isprovements in image quality (Table 1-28:

Evolutions in television sets and the utilisation of integrated
circuits in Japan).

In a television set the tube is a central component in the final
price, and this provides an impulse towards vertical integration
and the consideration that tube production protects the producers
of television sets.

The Koreans have now entered this very competitive international
oligopoly. They are turning towards the tubes market where they
could generate over-production and may be tempted to lead a
price war,

However the subsequent developments are not solely concerned with
the existing tubes because of the very considerable Research and
Development efforts.

Mass coasumer goods will become, with digitisation, a high
technology industry, and some new producers with associated
capabilities will appear.

The principal challenge, however, remains the complete renewal
vhich is expected with the move from digital television to high-
definition television (cf 3.3.1.).
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SUMMARY OF CHAPTER II

THE IMPACT OF THE AGE OF ELECTRONICS
ON ALL ECONOMIC ACTIVITIES

The age of electronics has been installed, and the age of steel
has to give way to it. An industrial mutation is taking place
and activities are being modernised.

AN _EVALUATION OF THE DEGREE OF DIFFUSIOR OF ELECTRONICS

2.

3.

&,

9.

10.

The diffusion-insertion of electronics is principally that of the
integrated circuits.

The mean annual rate of increase of sales of integrated circuits
between 1982 and 1986 is sbove 27X (Table II-1: Destinationm, in
percentages, of integ:ated circuits, 1982 and 1986).

The question of the 1iffusion of electronics and the industrial
mutation must be distinguished from the rate of global growth.
The penetration of electromics into everyday life.

Its penetration into enterprises.

The significant diffusion of micro-electronics into industry in
Great Britain, Germamy and France according to the results of an
in-depth survey.

Between 1970 and 1985 industrial jobs are influenced by the
spread of micro-electronics (Table I1I-2: Extent of use of
micro-electronics by industry; Table 1I-3: Stage of
development in use of micro-electronics).

Users firstly utilise standard microprocessors in their products
and equip themselves with programmable automatics.

According to the surveys electronics gives an advantage in
mastery, but require for their diffusion a better general
economic climate and more personnel with electronics know-how
(Table I1-4; Type of micro-electronics component used: product
uses; Table II-5: Type of micro-electronics based equipment
used: process uses; Figure 11-6: Advantages, disadvantages and
problems (for Great Britain only); Table 1I-7: Main
disadvantages and problems in using micro-electronics).

ANOTHER MANNER OF PRODUCTION

Mechatronics

11. The move from mechanics to mechatronics leads to evolution in the
product which becomes a complex-product composed of several
elements.

12, To speak of robotics is a reduction of mechatronics to the point
of caricature.

13. From flexible workshops to plants without workers (Figure II-8:
A scheme for a flexible workshop).

14. More efficacy (Table II-9: The advantages of a flexible
vorkshop (Yamazali, Japan, 1984).

15. The example of & flexible workshop engaged in the production of
numerically controlled lathes.

16. Mechatronics has supported the rise of Japan within the

international hierarchy of the economic powers.
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2.2. Local industrial networks and logistics

4,

17.
18.
19.
20.
21,
22.

23.

Two probleams of communication linked with mechatronics.

The birth of the MAP project.

MAP facilitates the development of local industrial networks.
Automation on islands.

Difficult production managemwent.

Improvements involve a real-time communications network between
the islands for centralised or decentralised processing and safe
industrial control.

Logistics links internal management and the wmanagement of inputs
and output to ensure overall optimisation.

A CRITICAL APPRECIATION OF THE EMPLOYMENT-PRODUCTIVITY DILEMMA

24,

25.

26-
27.

28.

29.

No irrefutable demonstration has been able to resolve opposing
views.

The previously cited study shows an overall effect on two weakly
negative axes (Table II1-10: Changes in employment due to use of
micro-electronics: all users).

The manner in which the employment-productivity dilemma is
presented designates, a priori, the guilty party.

From a micro-economic point of view technical progress threatens
employment.

But the wages which are not paid by the wmore productive
enterprise return to the economic circuit and can serve,
therefore, to provide other jobs. The problem of employment is
also macro-econosic.

In the long term agricultural employment and then industrial
employment will fall to the profit of the service sector. It is
not electronics which has caused or is causing unemployment; on
the contrary it increases the employment potential (Figure
11-11: Evolution of the sectorial structure of jobs).

AN INCOMPLETE LIST OF MODERNISED ACIVITIES

30-31.
32.
33.
34,
3s.
36.

Steel

Chemicals

Petroleum

Automobiles

Textiles and clothing
Agriculture
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SUMMARY OF CRAPTER IIl

AN EVALUATION OF THE STRATLGIES OF FIRMS
AND OF NATIONAL PERFORMANCES

1. With technical evolution the industrial structures are undergoing in-
depth changes. Enterprises are led to revise the strategic options which
they had chosen up to the end of the seventies. From then on every
horizon is planetary. Products and processes, particularly in the high-
technology industries, can only be marketed (and conceived) as a major part
of the world market. The change in the scale of production obliges firms
to define industrial complexes by way of relocation/autochthonous and
cooperative strategies,

2. Progressively, therefore, most of the branches structure themselves as

oligopolies, The large dominant firms seem to have consolidated their
domination. Their capabilities exceed the framework of their principal
activities, However the segmentation of activities makes their position
fragile in certain respects. This is why they have modified their
strategies.

3. Relocation, often dictated by the search for cheap labour or the
attempt to evade customs barriers, requires today an effort towards
autochthonisation, that is to say of assimilation within the industrial
fabric of their pl.ce of establishment. This operates more within the
countries of the Big Three (Europe, the United States and Japan) than in
the countries of the South, and all the major manufacturers are subject to
it.

4. In addition to internal growth the growth of the markets and their
segmentation requires recourse to the purchase of enterprises or to
collaboration with competitors. Over the last four years the movement
towards cooperation in electronics has taken on a hitherto unequalled
magnitude, moving in the direction of the ocligopolisation of the markets.

5. All sectors are subject to this movement, from informatics where IBM
was only able to build its PC with the help of Microsoft or Tander, to
semi~-conductors where the division of work between the design firams and the
actual producers is widening.

6. However these operations of firms result, at national 1level, in
structural commercial imbalances. Whilst the markets are located in
Europe, the United States and Japan, much of the production is in the hands
of the Newly Industrialised Countries of Asia with Japan, Mexico and
Ireland. The gap between markets and production has, as its corollary,
very serious trading deficits in Europe and the United States.

7. These deficits have resulted in unequal protectionist tensions since
the Second World War. The United States and Europe simultatneously broke
the GATT rules in order to protect their electronics industries which were
meeting "unfair” competition from the countries listed above.
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SUMMARY 7f CHAPTER IV

AN OVERVIEW OF PUBLIC AUTHORITY STRATEGIES
i¥# TEE INDUSTRIALISED COUNTRIES

The role of the strategies of the public authorities has been of
fundamental iwmportance in orientating the global technico-industrial
evolution in electronics, and continues tc be the same today. Obviously
it is the authorities of the most industrialised economies which exert the
greatest weight wvhen determining this orientation. Thus it is the North
American public authorities which can undcubtedly claim paternity for the
advance of electronics. From the seventies they had to face up to a
challenger which gradually became dominant in an increasing number of
fields under the action of the firms but also, and mainly, because of the
strategies of the public authorities. The older industrialised countries
in Europe followed, with some delay, the American electronics evolution
and, fiading themselves somevhat outdistanced, saw that the timid and
national wmeasures which had been taken up until that time were
insufficient. As a consequence, and within the framework of the European
Community, they implemented the ESPRIT programme designed to put them back
on course again. It is in effect in the electronics field that the real
technological race between the industrialised countries was being rum with
their public authorities supporting them or even replacing them. Even in
the case of the so-called deregulation of telecommunications one can
observe the intensity of this global competition.

The tradit: 1 tools which were utilised, and which were found
everywhere, incluced : public orders, the organisation of enterprises or
associations, restructuring under the aegis of the public authorities,
protective standardisation, direct subsidies and aid to industry and, more
especially, the high level of participation of the public authorities in
Research and Development expenditure.

1. The founders: the United States

2. The dominant challenger: Japan

3. 01d Europe's somersault

3.1. A general overview of some interventions
3.2, The German policy

3.3. The British policy

3.4. The French policy

3.5. The ESPRIT programme

4. Technological couggtition between the nations

4.1. Mechatronics
4.2. Deregulation of telecommunications
4.3, Artificial intelligence.
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SUMMARY OF CHAPTER V

CHARACTERISTICS AND TRENDS OF THE WORLD
MARKETS FOR PRODUCTS AND SERVICES

The very unusual characteristic of the electronics industry is that it
has founded its growth on simultaneously enlarging the existing
markets and also extending the possible applications for this
technology. Mass consumer electronics, doainant until the Second
World War, occupies an increasingly limited part of world electronics
production, giving place to industrial capital goods.

With its significant share in the GDP of the principal inductrialised
countries electronics has become a major industry. But the technical
upsets, with the motive force of the diminishing size and price of the
active components, have led to a very considerable segmentation of the
major markets within which certain niches are appearing - whilst
others are disappearing.

In electronic data processing, or "informatics™, the producers of
universal computers and amini-computers are seeing their positions
threatened by the widespread introduction of wmicro-computers, in
particular since the power of the latter has equalled or exceeded that
of the classical wmini-computers. At the same time the mini-computers
are encroaching on the preserves of the larger or very high power
computers.

As with informatics the software industry has been turned upside-down
by wodifications in the hardware. Using archaic production methods
they do not offer amy gaimns in productivity, in such a way that the

~ software absorbs an increasing part of the operating costs of the

5.

systeas, Furthermcre, with the increasing power of the hardware the
traditional operatirg systems become obsolete, incapable of
controlling the new functions and the necessary central memory. In
order to improve compatibility between generations of computers and to
guarantee the transferability of the software the manufacturers are
increasingly turning towards UNIX. The languages themselves are
becoming obsolescent. FORTRAN, COBOL and BASIC have been abandonned
for LISP or PROLOG, particularly in the field of expert systems.

In telecommunications the revolution consists of the implementation of
ISDN (Integrated Service Digital Networks). These networks will make
it possible to transmit speech, data and images at 144 kbits per
second (kbps). The communication of data has thus required a
redefining of the network. Simultaneously increasingly fast
multiplexers are used to transmit data by the conventional networks at
lower costs., But these standards are already upset by techniques of
signal compression/decompression (CODEC) which make it possible to
svitch and transmit data at 64 kbps, reducing at a stroke the value of
the ISDN standard or fibre optics.

In mechatronics the faltering market gained in strength when General
Motors defined a communications protocol for use between the
components of the flexible workshop. This MAP protocol should be
accepted by all the manufacturers between now and 1995 and should
stimulate the market for CAD/CAP, now totally integrated into the
factory and where most of the systems utilise UNIX.
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Frequently stagnating, and subject to the same economic conditions as
the market for capital goods, mass consumer electronics gained its
second wind towards the end of the eighties with the CD and the video
recorder. The prospects are encouraging with home informatics
("domotique™), that is to say the integration within the intelligent
home of all the domestic functions, collectively controlled by a
central processing unit. In the short term the prircipal effects of
the recovery will arise from the digitisation of TV, with the
development of high-definition television (TVHD), but they will also
come from the outlets offered to electronics by the domestic
electrical appliances which have, unt:l now, integrated little in the
way of electronics.

The highly cyclical semicoaducto:s industry is a considerable
strategic challenge. The intense competition which operates on the
standard markets leads wmanufacturers to try to fall back on the
markets for customised semiconductors (ASIC) which is less competitive
and where the growth is expected to be cousiderable. At the same
time microprocessors will also undergo major modifications at hardware
level (from 16-bit to 32-bit) and also in the software for their
instruction set (RISC or CISC).
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SUMMARY OF CHAPTER VI

OBSTACLES AND POSSIBILITIES FOR PROMOTING ELECTRONICS
PROMOTION IN TRE THIRD WORLD COUNTRIES

1. TOO RESTRICTED A PARTICIPATION IN WORLD ELECTRONICS PRODUCTION.

1.

The countries of Latin America, Asia and North Africa are wmostly
producers, and some are exporters, of electronics goods, although
this industry is still young and a similar situvation took a
hundred and fifty years to appear in the case of textiles.
However the participation of the Third World nations in global
electronics production seems to be too restricted.

1.1. The wmultinationals relocate to lower wages: jobs and foreipn

currency.

1.1.1.

2.

1.1.2.

3.

6.

7.

The New International Division of Work.

Analysts believe that they were able to perceive, in the
seventies, a new international division of work, involving moving
production to countries with low wage levels for its subsequent
export to the industrialised countries.

The "offshore” installations of the multinationals.

Firms have relocated their productions by installing themselves
"offshore” in the case of highly labour-intensive industries,
vwhich is particularly the case with semiconductor manufacture in
the electronics industry,

In 1985, more than thirty years after Fairchild set up in Hong
Kong (1962), a third of all jobs in American semiconductor firms
were to be found "offshore”.

Public encouragement: export free zones and special import
tariffs,

A bonded ("duty-free"™) production zone on Mexican territory began
in 1963 to house assembly firms, offering jobs and foreign
currency to Mexico at wage rates very much lower than those in
the United States, whilst at the same time facilitating frontier
relationships, This zone has been subsequently utilised by the
electronics industry and has operated on the basis of the
special legislation for the zone and the American customs regime
(tariff headings 806-807).

Tariffs 806-807 have been particularly used by the United States
for their imports of semiconductors (about three-quarters of the
total), and this has been at the root of electronics production
in numerous Third World countries (Table VI~-1: North American
trading in semiconductors and tariffs 806.30 and 807.00 (1966~
1983)).

The EEC has introduced a passive advantage system, but this is
much less utilised than that of the United States, as may be seen
itom the examples of France and West Germany,

Taken overall it has, nevertheless, produced an international
redeployment of activities which is one of the sources of the
participation of the Third World countries in world electronics
production (Figure VI-2: Evolution of imports into France from
the developing countries after passive advantage; and Table VI-3:
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Trading in electrical and electronic appliances im 1963 after
passive advantage - France and the Federal Republic of Germany).

1.2. Intensification of the recourse to electronics products: to purchase

or to manufacture?

1.2.1.

9.

10.

11.

12.

13.

14.

15.

16.
17.
18.

19,

20.

The spontaneously increasing consumption of electronics eats into
foreign currency.

Television receivers, telecommunications and computers are three
areas of increasing consu ption which iaflate imports. Is it
necessarv to purchase or should one not, when the size of the
domestic market is significant, produce them?

Television broadcasting systems are becoming more widespread and
the rate of acquiring sets has been spectacular, in both the
industrialised countries and also in the Third World, between
1965 and 1982. In South America a large proportion of the
television sets have been at least assembled locally (Table VI-
4: Evolution of the rate of equipment with television
receivers).

Generally speaking there has been a frenzy of consumption where
leisure electronics are concerned.

This is personal consumption, but in the case of television the
public monopoly means that the governmental decision to install a
television system opens up a process of the progressive
purchasing of sets by the largest number of persons. The
decision is partly linked with the idea of using television to
reinforce public authority by way of its presumed power to
convince.

It was also the public authorities, but for reasons of general
interest, which decided to create a telecommunications
infrastructure, forming a regional infrastructure and connected
to the international network. The decision to equip generally
leads to importing.

The development of the need to communicate by way of the
telephone seems to be closely correlated with the per capital
GNP, Economic growth therefore goes hand in hand with the rie2
in telecommunications, but the intensity of the need is increased
and the telecommunications market is likely to develop much more
rapidly as is shown by the very ambitious equipment plans of a
large number of countries (Figure VI-5: Relationship between
the level of telephone ownership and the per capita GNP for
1978).

States, everywhere, are adopting informatics. The international
organisations are promoting this process and offering technical
assistance in order to Jevelop it (Table VI-6: The ASYCUDA
system of UNCTAD).

Informatics projects rely today on micro-computers.
Micro-computers are proliferating not only within administrations
but also in the privai. sector in most Third World countries.
Television, telephones xnd informatics are 1leading, in most
countries, to severe haemorrhages of foreign currency when it is
not possible to produce locally.

Is it therefore possible to be an efficient user without being a
producer? The answer is not no in the case of mass consumer
electronics, and perhaps the same with micro-computers; if
imported components are available local maintenance is also
possible.

By contrast in the case of the medium and large computer systems
difficult problems are posed: under-utilisation, 1lengthy




21,

22,

23.

1.2.2.
25,

25'

26.

27.

28.

29.

30.

_19_
breakdowns and, for the administration, real dependence on
foreign producers. This encourages them to use micro-computers
and to promote their local manufacture.
** the very least the decisions to purchase and use should be
cleared by a unit consisting of a wminimum number of nationals
having the basic technico-industrial know-how.
In the case of telecommunications the procedure involves an
international call for tenders, involving the wmost detailed
consultations.
The infrastructures which are installed cannot dispense with an
efficient maintenance service, for which it 1is neccesary to
obtain training for the local personnel. A large warket may
make it possible on the occasion of drawing up an equipment
programme to achieve the creation of an installation unit or even
a unit for the production of components in order to facilitate
maintenance.

An emerging wish to transforam technology by way of electronics,

The public authorities may also have rasons to promote the
utilisation of electronics.

Since the beginning of the seventies the idea has gradually grown
that electronics constitutes an indispensable technique for any
industrialisation strategy.

With the industrial world woving into the age of electronics
analysts, initially reticent, have come to consider the necessity
for technological pluralism within a perspective, for the
countries of the South, of accepting technological change.

The countries concerned, the UNCTAD Group of 77, took up a clear
position in 1986 where industrialisation seems to have to result
from a process of technico-industrial transformation, finding its
support in the advanced technologies and hence on electromics
(Figure VI-7: Extract from "Preliminary outline of the strategy
for the technological transformation of developing countries"
(Pccument TD/B/C.6/L.73 of the UNCTAD Trade and Development
Board)).

The employment of electronics should, from this point of view,
therefore contribute tovards the modernisation of productive
activities, To the extent that all the activities are affected
and run the risk of being downgraded this promotion of the
employment of electronics introduces the risk of weighing heavly
on the balance of payments.

It is possible to use electronics effectively but not to produce
them; this seems quite illusory when it is a wmatter of a use
intended to move the productive apparatus into the age of
electronics.

The search for an efficient industrialisation strategy therefore
demands the increased participation of Third World countries in
world electronics production.

1.3. Comparative adventages in the laws of the World Industrial System

1.3.1.

31.

The objective limits to wage cost advantages

Whilst in a Third World country wage levels, in international
currencies, are relatively low the fact remains that the other
components in the production costs are, by contrast, much higher
than in the industrialised countries,




32.

33.

35.

36.

37.

38.

39.

l‘lc

1.3.2.
42.
43.
44,

45.

46.

47.

48.
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In order to participate more strongly in the fruits of world
expansion it is necessary to raise wage levels in intermational
currencies so that competitiveness is then achieved by
improvements in the other components of the overall costs.

This takes us away froa analyses in terms of comparative costs
and leads us to the area of productivity: are there no specific
productivity advantages held by the industrialised countries?
Under the generally unchanged conditions the countries with low
wages remain attractive for the most labour-intensive industries.
Whilst the electronics industry is no longer ranked amongst these
industries the countries which have not registered any changes in
fields other than wage costs do not attract any electronics
relocations.

This is because advantages in regard to wage costs do not promote
any particular industry.

It is necessary to offer something else to attract foreign
investments in electronics production, im particular specific
productivity advantages.

Within the framework of conventional reasoning in terms of
comparative advantages it is necessary to envisage a return to
the industrialised countries by those previously relocated
industries, with some rare exceptions, in particular in cases of
products intended for the 1local domestic markets and where
proximity constitutes a major specific commercial advantage.

In fact the relocation movements have been accompanied by the
creation of dynamic effects, creating specific advantages for the
receiving countries, in particular the improving of local
industrial capabilities,

One can cite the example of the high wages in Singapore and the
movement towards local automation, and the creation of Research
and Development centres in the very heart of the Mexican
assemblers, places in which specific advantages, which could not
have been perceived by the analyses in terms of comparative
advantages, have nevertheless been developed.

This leads to the necessity to analyse the functioaning of an
industry inserted into the world industrial system where the
defined rules make it possible or not to participate in world
production in an increasing manner.

Difficulties in mastering a high-technology global industry

The electronics industry has become a high-technology industry
with increasingly large Research and Development activities.

It requires a highly qualified workforce, the use of automatic
machines and the development of softwares,

The need for specific know-how of a highly evolved and cumulative
nature constitutes a major barrier to entry.

The multiple technico-industrial interactions require the
insertion of any electronics production into a well-developed
industrial fabric, such as is not offered by many Third World
nations,

The barrier to technico-financial entry is commercial and is also
very high,

Finally the world electronics industry constitutes an
internationally very convoluted field with highly competitive
markets.,

It may also be tempting to turn towards the few and rare
facilities offered by this industry.
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The facilities for dependent insertion by way of assembling or
copying

It is possible, under certain conditions, to advance to local
production after dissecting and themn copying many electronics
goods.

More complex assembling remains possible, for a sufficiently
large domestic market, within the framework of agreements with
the operator controlling the production.

International stadardisation or, on the other hand, national
specifications, may also constitute facilities for an entry into
electronics production.

However these facilities are dependent and cannot suffice to
transform and to industrialise. It is therefore necessary to
envisage a real strategy for entry into electronics.

2. TOWARDS AN INDUSTRIAL STRATEGY FOR ENTRY INTO ELECTRONICS

2.1. What point(s) of entry?

2.1.1.

53.
54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

2.1.2,

64.

65.

66.

A critical examination of simplistic responses: softwares
and ASICs

Third World countries could have a comparative advantage in
software production.

Abundant qualified and skilled personnel would make it possible
to develop software without producing the hardware.

In fact qualified and skilled manpower is not really abundant and
only applications software could be considered outside the
production of hardware, but with its use.

Even a country like India only has modest prospects, and the most
remarkable of these are linked with the support of a foreign
multi-national firm which produces the hardware.

In fact the barriers to entry are very significant.

This can be illustrated in the field of software for wmicro-
computers.

The software option is therefore a difficult ome and not really
optimal for an industrial strategy.

Another option is that of designing ASICs, high-technology
integrated circuits in a simplified version and without
manufacturing them.

The capital investments needed are nevertheless considerable and
the levels of training to be achieved are very high,

The idea of separating the software activity from the design
activity seems to be totally illusory.

Softwares and ASICs therefore constitute responses which are too
simplistic to give to a difficult question.

Focalisation-articulation requirements.

Reasoning of an engineering type would seem to require presence
at all points because of the multiple interconnections within the
electronics industry.

Going back to micro-electronics, or moving on to software, does
not solve the problem which is posed.

It is necessary to seek a weak link for future mastery: this is
the focalisation requirement.
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At this point priority may be given to those articulations which
relate to it.

Complexity level requirements

Entry into a high-techmicity field involves three stages: the
capability to implement the production technique, an overall
understanding of the process to be utilised, and technolegical
mastery.

The temptation to advance by vertical integration.

To devise a system which is linked to ome constituent which is
already achieved, with others of the same level, forms another
route for progress.

All depends on the level of complexity. In addition to
progressing by integration and by extension it is still possible
to progress laterally.

The gradation of levels of complexity may be illustrated by that
which the international hierarchy reveals on a fully global
scale.

An example of this gradation is given by Korean difficulties in
informatics or telecommunications systems.

This gradation applies equally to questions of maintenance
(Table VI-8: Evaluation of the levels of complexity and of
accessibility of electronics production according to the
development levels of countries).

tactics?
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Do not re-invent the wheel.
Recourse to foreign technology

Technological dependence is very real in the face of enterprises
desirous of retaining their specific advantages. But Third
World nations are not alone in this: in 1982-83 Japan had an
international trading deficit on licences of wmore than
US$ 11 billion!

Recourse to foreign technology may borrow from either the logic
of competition or that of cooperation.

The "technologies” are not only sold on the market; certain of
the constituents are free products.

From old technology to the purchase of a licence is one method of
rational acquisition.

Some examples of where this method of working has giver
interesting results.

International cooperation can develop with private firms,
Inter-state cooperation is also provided Dbetween the
industrialised countries and the countries of the South.
and

South-South and regional cooperation, organised or not by
international institutions, has so far only obtained wmodest
results,

Seeking a level of global competitiveness.

In addition to the more technical elements it is necessary to
consider the more industrial and commercial elements.

Even for a simple component there is value in seeking a level of
global competitiveness.
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This poses the problem of the choice of operators and possibly of
their number.

This number is linked to the potential of the existing resources
and the forecast market for the product to be produced.

The requirement to reach a level of global competitiveness is
explained in particular by the multiple inter-relationships
vithin the electronics industry which can, however, constitute an
advantage.

In the case of exporting the requirement is obvious.

The search for global competitiveness can go as far as direct
investment in the industrialised countries (Korea) (Table VI-9:
Foreign investments by the Korcan mass consumer electromics
industry).

tactics?

92.
2.3.1.
93.

94,
95.

96.

97.

98.

2.3.2.

99,

100.

101,

102,

It is essential to define a problem, since the choices of a
strategy cannot be made until this has been done.

Rejecting miserable dependence and sordid independence.

Escape from the traditional divisions.

Be open to the rest of the world.

This could lead to a situation of miserable dependence, but to
take the opposite path runs the risk of leading to a sordid
independence.

This would result from a desire to shut oneself off from the rest
of the world.

A diagram demonstrates the orthogonality of the logics of the
world industrial system and the national socio-economic systeas
(Figure VI-10: The orthogonality of the world industrial systeam
and the national socio-economic systems).

It is therefore necessary to attempt to articulate these logics.

Linking a social dynamic to the World Industrial System.

Every successful strategy carries at the same time a national
brand, that of its national socio-economic system, and a date,
corresponding to the state of the world industrial system at that
moment.

The important criterion is that of the elevation of the technico-
industrial capacity of the largest number. The delicate point
is that of triggering an endogenous social dynamic.

It is therefore necessary to try to organise a modulated and
selective opening up to a judiciously chosen target in the world
industry.

The process of technico-indus:rial catching up with a world
electronics industry and, more generally, of a rapidly evolving
vorld industrial system, together with the progressive elevation
of the national capabilities, are the important forms of social
transformation, the management of which is difficult and is the
field of other disciplines than ours.
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CHAPTER 1

A DESCRIPTION OF WORLD

TECHNICO-INRDUSTRIAL EVOLUTION

1. A TECHNICO-INDUSTRIAL DEFINITION OF ELECTRONICS

1.1. The technique

1. What is the object of the component analysis of "technijue™? Om
the evidence technique is materialised in the form of a concrete
object and its modes of creation and utilisation: the elementary
technical object is the tool. Since the stone age, the age of the
knapped flint, evolution has been such that the reference to a given
technique cannot, today, be reduced to the defining of a simple tool.

2. More particularly, and after the accelerated advance of technical
creativity from the end of the 18th century onwards, any entity recog-
nised and named as a technique in fact covers an assembly or a combin-
ation of elementary techniques. This multiplicity has a reality
which is in fact very old. For example in the neolithic age the
technique of coating with plaster was acquired, but this required the
mastery and combination of many elementary techniques: finding the
gypsum, breaking it down by fire, producing the correct mix with rrater
so as to ensure that it would crystallise, applying it at the right
time and in the right way, and so on. It is therefore preferable to
consider the concept of a technical complex under the definition given
by B. GILLE (1978, p.17): "contributory techniques of which the whole,
that is to say the combination, combines to produce a well-defined
technical act”. The technical act is at the same time the creation
of the technical complex and the utilisation or activation of this for
the benefit of Man, the actor, and to the detriment of Nature, the
environment on which it acts.

3. Technique is a kind of three-dimensional cormer which Man digs
into Nature. Its three disensions correspond to the three lines
vhich intelligent human action must follow in order to oblige Nature
to serve Mau: with a8 certain force, exercised on matter, and a
physical displacement, more broadly informational, Man transforms
Nature to his own benefit, Without d4lways specifying what
constitutes the unit these three dimensions are frequently invoked, in
at least a separated manner, by calling them ENERGY, MATERIALS, and
COMMUNICATION. History has seen these three dimensions contribute
tovards a mastery, a more extensive, deeper and wmore profound
transformation of nature with its consequent effects of size, both
gigantism and miniaturisation, and of manipulability, both targetting
and speed of execution, the whole normally being reflected in a
relative increase in power,
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1.2. From technique to industry

4. Technical power thus constitutes a poteantial for the
transformation of nature which, according to the wmore or less
extensive usage of the technical complexes of which it is composed, is
reflected in the industrial power of production. The technical act
is only accomplished by making the production of an object irtended to
procure satisfaction a concrete reality. In this sense technique is
indissociable from industry, the latter constituting the
implementation of the technique in order to produce. This close
relationship between technique and industry did not pose any problems
in earliest times where the terms "industry™ and "technique”™ were used
indifferently to qualify this or that sub-period of the palzeolithic
or neolithic periods.

S. By contrast , and for reasons linked to the context of more
recent times (1), it is necessary to specify the content of this close
relationship between technique and industry aond, initially, to
underline the existence of a field of autonomy for the dynamism of
technical creation which is effective, although obviously delimited.
This autonomy is principally served by a “gratuitous™ and systematic
curiosity, by the desire to find out wore. Supported in this manner
by the existing technical content of a complex, and also by that
existing in other complexes, techmical creativity is expressed in the
improvement of existing techniques, by the superimpositions of new
techniques or by the replacement of certain techniques by other
techniques, newly invented or borroved from different technical
complexes. Without the need for precise solicitations external to a
given technical complex, a deep trend towards the search for techmical
improvements underlies the dynamism of technical creation in each of
thea.

6. This dynamic, endogenous to the technique, is laid down on
privileged lines of evolution which historians of techniques have been
able to identify. As a result of the work by J.L. MAUNORY (1968) on
the genesis of innovations the two principal French historians of
techniques have, in the case of one of them, emphasized a mode of
technical creation with "relationships by lines™ (M. DAUMAS, 1979,
p.xvi) and, in the case of the other, the fact that innovation "is
located on a given technological line" (B. GILLE, 1978, p.40). From
this poi:t onwards the historian can reconstruct what it is possible
to call a veritable genealogy of techniques.

7. However to go beyond the simple description of this genealogy
which would appear, without a read:rs' guiie, to be a superb example
of entanglement, it is necessary to arm oneself with a number of
concepts. The first is that of mother-techniqu._s, those which are
particularly prolific. One such exawmple is the cylinder-piston
assembly: from the water-pump to the steam-engine, passing through
the air-pump and going on to the internal combustion engine, one finds
a progressive progeny, all starting from the same technical principle.
Around 8 mother-technique is organised an increasingly sophisticated
technical complex, calling on multiple contributory techniques.

(1) This is explained below, in paragraph 14,
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8. Secondly it is necessary to consider the concept of the technical
trajectory; this can be fcund in wmuch of the work of the SPRU
(University of Sussex, UK), but it corresponds directly to the
“technical line" found earlier in the work of the French historians
(2). This concept underlines the existence of a certain automnomy or,
to put it another way, of &8 minimum of determinisam linked both to the
structure, still poorly understood but pre-existent, of that Nature
into which one wishes to excavate an “improved™ cormer, and to the
present state of the cormer. This determines at any given wmoment the
privileged directions of evolution: indeterminism is not total, and
totally external choices for determining technical evolution may prove
to be aberrant (cf. Lysenko).

9, It is clear that the mother-techniques themselves develop along
technical trajectories which may be multiple, linked to the techmical
complex which they organise, and giving rise, at successive and more
or less distant historicel moments, to veritable clusters of technical
innovations, to follow the very early concept of J. SCHUMPETER (1912).
So, looking again at the cylinder-piston example, it is possible to
emphasize the multiplicity of the technical trajectories of internal
combustion engines and the cluster of gas engines, petrol engines and
Diesel engines, and those for cast iron, involving the open-hearth
furnace and the acid and basic Bessemer converters.

10. Finally it is necessary to use the concept of the pervasiveness
(3) of a technique. Certain technical trajectories may lead a
mother-technique to give rise to techniques which are contributory
tovards a very wide variey of existing technical complexes. B. GILLE
(op. cit.) speaks of technological transfer and diffusion, M. DAUMAS
(op. cit.) of "the pervasiveness which makes them able to contribute
towards all” thke technical complexcs. This pervasiveness constitutes
a poverful factor for the homogenisation of the totality of the
technical complexes, a totality which, if it were to be possessed of
true evolutionary autonomy, could be erected into a technical system

(4).

(2) B. GILLE has in fact spoken of a "filiere technique”. This temm
has not been used for two reasons: 1) there is no accurate
translation of it in English or in Spanish; 2) it is often
confused with "filiere de production”, or production route (or
productive transformation route).

(3) [Author's own English translation of "fluidite”]
(4) This is what B. GILLE felt able to do, but without making

reference to a definition nf the concept of the system which was
in conformity with systems analysis,
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1.3. From technical progress to techunological progress

11. In fact technical evolution necessarily passes through its
interaction with industry siance, 2s has already been pointed out,
technique and industry are indissociable (cf. 4.). The teck-ical
complex clearly only exists when it is activated, and the activation
of this technical comwplex is reflected in an act of production, an
industrial act. The homogenisation of all the techmical complexes
and their progress certainly passes, in the case of a not mnegligible
proportion, through a comparison of the levels of technical
performance to which the transfer of new and contributory techniques
gives rise. But this takes place even more by way of the resolution
of the tensions revealed between the industrial acts which the various
technical complexes permit.

12. These tensions may consist of quantitative or qualitative
distortions, We may take an example of fairly contiguous industrial
acts vhere the tensions and their stimulating character in regard to
technical progress are obvious. At the begimning of the 19th century
the British firm Horrocks, Miller and Company in Preston employed 700
cotton spimners im its four mills with 7000 weavers working in their
homes: the distortion in terms of quantity or “productivity™ showed
the "backwardness™ of the weaving technique as compared with that of
spinning. Compensation for this was achieved by the wultiplication
of production sites; whilst the new organisztion for implementing
the spinning technique seemed to be of more interest to some the
pressure of progress in the technique of weaving was such greater than
that which would result from a situation of “autonomy”. At the same
period the bleaching of the fabrics algo showed a backwardness, but
this was difficult to compensate for since the technical act required
for its implementation considerable quantities of milk with constantly
increasing areas of the fields and of days in the sun. In the same
way the distortions in terms of quality could not, in general, be
compensated for. Still in this same economic field one should note
the inadequacy of the techniques for printing the fabrics. So, here
and there, strong industrial stiwulants towards technical creation
tended to focus the attempts. Without determining the technical
evolution they therefore encouraged progress in one technical complex
rather than another, or even encouraged the putting into use of one
improvement rather than another, in this way wmoving towards a

selection of techniques (A. MOUNIER, 1974).

13. 1In addition to this example it is necessary to accept that the
interactions between industrial acts (5), and the tensions which may
arise from them, nourish to a considerable extent the intersctions
between the technical complexes which underly them, thus constituting
a fundamental factor for homogenisation. All the technical complexes

(S) It will be recalled (cf. 4) that the industrial act becomes a
reality in the production of an object procuring satisfaction,
for which a social value is recognised. This obviously plunges
every industrial act into a larger social reality. We will not
be examining this relationship here, as it has already been done

elsevhere (cf. for example HUMBERT, 1988a).
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are thus homogenised and evolve on the occasion of their being put
into interactive use by industry; it is thus the existence of a
technico-industrial system which has to be conceived. The totality
of the coherences and liaison3 which make a system viable are
concerned with the techniques and their implementation, and whatr B.
GILLE (op. cit. p.19) describes is clearly the rough sketch of a
technico-industrial system.

14. Furthermore it should be noted that, since the end of the 19th
century, a new treand has blended technique and industry into a single
unity, the latter soon absorbing the former. In former times the act
of technical creation simultaneously elaborated the industrial act of
production. The advance of rational thought, in particular with the
Creeks and then in Europe from the 13th century and certainly from the
17th century, entered into the field of technique. From philosophy
to mathematics, the extension of the object of rational thought
enabled us to pass, for example with A. de LAVOISIER (1743-1794), from
alcheay to chemistry. One can therefore see, over several centuries
and in a fairly independent wmanner, technical know—how, the
technicians® art of production, cohabiting with scientific knowledge,
the vorld of inventions and inventors. This separation between know-
how and scientific knowledge was accompanied by a chronological time-

lag between these two types of knowledge in progress towards identical
concrete objectives. It has often been emphasized that the
inventions or discoveries made by scientists (electricity, for
example) had to wait for their practical application until technical
conditions allowed it: conversely one can cite the introduction of
innovations without scientific knowledge, as with the steam—engine
vhich operated well before CARNOT set out the principles of
thermodynamics.

15. The interaction between these two orders of knowledge then
started up and became fertile. In the 19th century progress in the
bleaching and dressing of fabrics was due to chemists and in
particular to their discovery of chlorine, whilst the advances in the
cast iron complex and of coal tar distillation at coke-works, provided
the scienticts in this discipline with the birth of organic chemistry.
In thke 19th century there was a progressive convergence between the
fields of techniques and of science, a convergence in their
utilisation in the service of man by way of industry. As an example
relating to the premises of this convergence we may cite the fact that
BERTHOLLET, the French chemist, was appointed in 1784 as the Director
of Dyeing at the celebrated Manufacture des Gobelins and published in
1794 a book entitled "Elements de 1l'art de la teinture” (Elements of
the Art of Dyeing). This was truly one of the first accounts of
technology, that is to say a scientific examination and analysis of a
series of techniques and their use in industrial acts., The know-how
became intimately linked with science and science with doing, so
technical progress became merged into technolqgicalAprog;ess. At the
same time the magnitude of the organisation of industrial acts led to
a search for mastery or, at least, the stimulation and selaction of
technological progress. For example "In the iron and steel industry
it is known that it was the Holtzer company which, with Boussingault
and Burstlein, organised in 1869 the first steelworks laboratory
intended to create the first special steels"” (op. cit., p.74). Thus
technique is found to be almost absorbed by industry and so
definitively justifies the concept of the technico-industrial system

(6)'
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1.4. The three ages of the technico-industrial system

16. A stable technico-industrial system is thus based on a
homogenise. and viable grouping of technical complexes; viable here
is to be understood in the sense that those tensions which may appear
betveen the multiple industrial acts find their resolution within this
grouping. At the heart of the technico-iandustrial system will be
found, at least in a definitive manner after the 19th century, “"the
machine™ rather than the simple tool, and it is with this that must be
vadertaken the essential operation of the transformation of nature
with the three disensions which have already been identified: energy,
asterials and commumnication. The industrial era is the era of the
machine., The wmachine, the key-element in the transformation of
nature by man, is thus seen as the target point of an accumulation to
produce more objects in a more efficient manner and the technical

support around which industry organises production. This machine
must obviously be integrated within a stable technico-industrial
system. Such a system corresponds to a homogenised assembly of

technical complexes, achieved by the resolution of any tensions
between the multiple industrial acts.

17. But it wust also be noted that this assembly of technical
complexes can be found to be awaiting a new homogenisation when a
technique of very high pervasiveness appears at any point whatsoever

of this assembly. In effect this is liable to provoke the
efficacious recomposition of a very large number of technical
complexes. Such a technique constitutes a control point in the

technico-industrial system: as the factor making the grouping of
technical complexes homogeneous and viable the time of its pre-
eminence is also that of the stabilisation of the recomposed technico-
industrial system.

18. Since the adveat of the industrial era at the start of the 19th
century we can distinguish three ages of the technico-industrial
system (cf HUMBERT, 1984, pp. 74 et seq.). The first age is that of
steam, the introduction of an artificial form of energy to drive the
steam-engine which could then actuate machines; the technical
principle of this is still found in petrol engines. Tne amount of
horse-pover available to any nation is the yard-stick by which its
place in the industrial hierarchy of nations is measured. Steam~
engines penetrated into all industrial activities, so that steam is
incontestably the control point of the first technico-industrial
system. Its construction dates from the end of the 18th century, the
date of the major inventions (1787). It is the epoch of emerging
industry with a machine which is the product of a truly autonomous
industry, the engineering industry. Until then machines linked with
industry were built in a specific manner at the "factory” or "mill" of
production, the two words being synonymous in Eaglish.

(6) However the autonomy of technique in relation to industry, as
defined in paragraph 5, evidently still exists; this is shown by
frequent criticisms made by executives in industrial companies
that research workers in their laboratories are often felt to be
too little concerned with industrial problens.
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19. Steam continued to be used for a long time, up tc the start of
the 20th century; however a techn® al leap, in a new field which was
to be revealed as of very high per . ‘eness, took place in the middle
of the second half of the 19th cen’ .. y. It was at this wmoment that
steel, a material which had been known for a long while and the
production of which had been the object of numerous improvements,
showed its true importauce. The inventions of Bessemer (the acid
converter of 1856), of Thomas (the basic converter of 1879) and Martin
i{the open-hearth furnace of 1865) led to processes which were
exclusively used up to the middle of the 20th century and which
allowed the rise in the power and quality of the iron and steel
industry. This quality was to be reinforced by the advance in
special steels containing chromium (1877), manganese (1882), nickel
(1888), etc. In fact from the last quarter of the 19th century and
practically up to the fifties industrial power was now measured in
terms of steel production. This rise in power is also reflected in
the phenomena of concentration and the increasing size of firms. It
was the epoch of heavy and concentrated industry and of the management
of large works where efforts were made to coordinate the activities of
the machines. It was at the moment when production line working
appeared and developed that the technician was replaced by the
engineer. On the demand side the auto-consumption of the age of
Steam was replaced by the development of the open market, but external
markets had constituted an essential factor for the developing
industries, particularly for English cotton textiles. In the age of
steel heavy production experienced a remarkable rate of growth, but
the demand of the populations remained that of consumer goods.
Within the national industrial spaces there was established an
effective national regulation which returned an important place to the
domestic demand which was gradually saturated in terms of food
products and then developed its consumption of semi-durable and
durable goods. The following diagram summarises the principal
characteristics of the different ages of the technico-industrial
system and, in particular, that age in which we live today.
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M. HUMBERT, GERDIC, 198%, p. 77.

Figure I-1 : THE HISTORICAL DYNAMIC OF THE TECHNICO-INDUSTRIAL SYSTEMS
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1.5. The age of electronics

20. A new technical break, orchestrated by a technique which was
again characterised by its very high degree of pervasiveness, was to
be produced in about 1971, the date of the invention of the
microprocessor by the INTEL company (USA). It was no louger the
mastery of an energy or of a material which constituted the contrel
point of the technico-industrial system but mastery of a means of
communicating information, the manipulation of a signal or of a code.
This is the age of electronics, the structure of which will be showm
later (cf Table I-2). M. DAGHAS locates "the techmological turning-
point of the century” round about "1920-1950™ (1981, p. 111) and B.
GILLE wrote in 1978 "An already new world. Everyone is conscious of
the extraordinary transformation provoked by the new techniques.... In
many fields electronics is really one of the fundamental elements in
the new technical system."

21. The electron was discovered in the closing years of the 19th
century; however it was necessary to wait until 1920-1930 for its
real value to ks recognised by industrialists and engineers, and even
until the sixties to receive the homage of the mass public.
According to the Encyclopaedia Unversalis electronics is "all those
techniques which wutilise variations in electrical parameters
(electtomaggetic fields, electrical charges) to sense, transmit and
process information™ (Vol 6, p. 57, 1970). This definition is the
most pertinent of those which can be found since, if it is neither
perfectly technical not exclusively industrial, it 1is technico-
industrial. Electronics, the electronic technique, is made available
in the service of the processing of information, of a signal, and of
its wmanipulation: storage, combination and transmission. And the
"total pervasiveness of electronics" (cf. M. DAUMAS, 1981, p. 125)
does not relate exclusively to the electron. It relates to the fact
that our sophisticated technico-industrial system has an imperious
need for information, for all that the management and execution of the
industrial tasks demands, in all the technical complexes and between
them, in regard to the transmission, storage and processing of
information, whether data or messages. The electronic technique
will, by virtue of its progress, revivify all the activities by
extending to them an extraordinar:ly increased efficacy and power.
On the evidence this clearly leads to a situation which has broken
away completely from that of the age of steel; a new control point on
the technico-industrial system has been created: electronics, The
new tool is obviously the electronic component which arrived at is
maturity around 1970, homogenising the entire field of information
processing and leading, through the perfect pervasiveness of this
technique, towards a new stability in the technico-industrial system
which, for the time being, is recomposed into the age of electronics.
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2. THE STRUCTURING OF THE AGE OF ELECTRONICS

22. Electronics forms a technico-industrial complex which is gradually
constituted around a wmother-technology. The interactions between the
industrial acts to which it contributes and the supports provided by the
contributory techniques to lead to new fields of production are articulated
around this mother-technology. To transmit or amplify or, in a word, to
manipulate a signal, "an element of information" which comsists, potentially,
of any complex form of information, whether a written or spoken message, a
fixed or wmoving image, with sound or colour or in relief, pose technical
problems which electronics solved with vacuum tubes and then with
increasingly miniaturised and sensitive transistors: today it is possible to
produce i. the laboratory a transistor which reacts to the passage of one
single elcctron in less than a millionth of a millionth of a second! (7)

23. At least some of these problems had already been faced, using mechanical
and then electromechanical techniques, giving rise to concrete solutions,
linked with clearly distinct industrial acts. From the beginning of the
20th century it is possible to distinguish between two technico-industrial
sub-fields: on the one hand the transmission of information and on the other
the processing of information. These both have in common the fact that they
have been able to find, using the same mother-technology of electromics, part
of the solution to the identical problems which they face and then to call
increasingly on identical contributory techniques, such as magnetic storage,
and to cover the same new technical complexes of space, instrumentation, etc.
The advance of the mother-technology has led gradually to the unification of
these two sub-fields which are now very difficult to distinguish one from the
other. So, in order to define which of these constitute Value Added
Networks (VAN) it is necessary to specify that the latter consist of
information transmission networks which carry out, simultaneously, the
processing of this information in such a way as to add value to it, The
following diagram provides a historical panorama of the technico-industrial
evolution which is described in the following paragraphs and which will
demonstrate a process of structuring in four phases.

(7) An elementary circuit consisting of two submicronic layers of aluminium
deposited on each side of a layer of aluminium oxide with a thickness of
a few tenths of an Angstrom (engraved at 0.05 micrometres). The
circuit at the ATT Laboratories operates in less than one pico-second at
the temperature of liquid helium (CPE Flash, 16/5/1988).
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ELECTRONICS, 1904-1984

Figure I-2
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2.1. The birth of the electron as the origin of a prolific mother-technique

24, In the transmission of information a first major advance making it
possible to go beyond visual signals or the mail was the electric telegraph
of MORSE in 1843. It may be seen that, from this first step, information is
linked with elecricity. Networks were installed throughout the
industrialised world with their great servants, the corps of telegraph
engineers, followed by the telephone of G. BELL and E. GRAY (1876). The
networks became international with a first submarine cable linking Dover to
Calais in 1851 followed by a transatlantic catle in 1866 so that Europe aud
America could communicate without any delays. The techniques of sending and
receiving were progressively improved together wiih the cables, due to the
wvork of the French Emile BAUDOT (1874). His five-umit code is still used in
the transmission of written messages by telex, where the code is translated
into electrical pulses. At the same time the theoretical work of MAXWELL
(in particular his 1873 treatise on electricity and magnetism, supplemented
by the work of HERTZ and in particular his verification in 1888 of the
existence of electromagnetic waves which moved without the need for any
conducting material (through the “"ether", as it was believed at the time) was
to open the way, with the aid of a series of inventions, to an innovation
which would rapidly be seen to be fundamental. After Edouard BRANLY had
developed his coherer, or wave detector, in 1890, there were few problems to
be solved (such as antennas) in order to develop wire-less telegraphy or
wireless. In 1895 MARCONI succeeded at Bologna in transmitting a message on
a Morse tape over a distance of 2.4 kilometres; after a whole series of
improvements he achieved the first transatlantic transmission in 1901 over
3400 kilometres between Cornwall and Newfoundland. The forces, and in
particular the navies, stimulated and supported technico-industrial progress
in this field.

25. The processing of information involved initially the writing of
messages, the technique of which was greatly improved with the birth of the
typewriter, the first industrial model of which was produced by REMINGTON
(1876). This was one of the first office machines which were very soon to
become indispensable. It took a long while to develop accounting machines
to process information consisting of data, since the machines of PASCAL
(1642) or LEIBNITZ (1671) were not operational. The machine invented by
BABBAGE (1834), which solved many problems, would have used the perforated
cards develcped by JACQUART (1801) and to have had a memory, but it was never
really built, It is true to say that at that time the needs for accounting
calculations were relatively modest, and even scientific calculations were of
reasonable dimensions. Research was not therefore really stiwmulated by
industry and BABBAGE's invention remained under wraps for a long while. By
contrast when a field appeared where the mass of data to be handled
encouraged technical progress the latter was soon achieved. This took place
in a field where the public authorities were involved. On the occasion of
the 1890 Census in the United States the Bureau of Censuses launched a call

for tenders and the electromechanical system for tabulating perforated cards

developed by H. HOLLERITH made it possible to complete this census in three

years instead of seven, The way was open for the electrical processing of
information.
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26. This situation, which prevailed in the various fields of information
vhere electricity played a role vwhich was already essential, was to fiund
itself greatly disrupted and undergoing a first phase of structuring with the
birth of the electron. The name is due to the Eanglish physicist STONEY
(1874), but the demonstration of its existence had to wait for J.J. THOMSON
in 1879 and J. PERRIN. The work of J.J. THOMSON was to explain a phenomenon
observed by EDISON in 1883 in the incandescent lamp which he had inveanted in
1897; this was the bluish light between the electrodes (anode and cathode)
of his lamp, and the electric current which was detected, later termed the
thermo-ionic or thermionic phenomenon. FLEMING, who worked with EDISON and
also with MARCONI, developed the first vacuum tube, the diode, in 1904 which
could be used as a detector, Lee DE FOREST in 1906 added a grid and
obtained the triode which, apart from being a better detector, could aiso be
used as an amplifier and could, for example replace, with the flexibility of
total variability, the electromechanical relays wvhich had until then been the
only known means of controlling the action of more powerful machines. The
sub-field of information, and particularly its transmission, were to benefit
very rapidly from this remarkable progress.

27. From 1915 onwards the triode was to serve, under the influence of ATT,
as an amplifier, a relay and as a rectifier on telephone lines and then, as a
result of the possibility of using it to construct sustained wave emitters
and the development of methods for the modulation of these waves by amplitude
modulation in 1915 (and frequency wmodulation in 1933) and also for their
reception (by the heterodyne technique in 1917), it became the origin of mass
broadcasting, regular transmissions of which began in 1924. There was no
comparable effect, during the first decade of the century, on calculating or
tabulating machines. However in 1919 with ECCLES and JORDAN the technique
was offered a scheme for a twin-state memory. This, associated with the
binary system introduced by the French Louis COUFFIGNAL (1936) ia his
projected machines (electromagnetic, with the Logabax company), formed an
essential element in future computers,

28. This first phase at the start of the century was, at the same time, the
birth of the various fields of information handling using electricity, the
birth of electronics which was to fundamertally alter the possibilities for
its transmission and, potentially, its processing, and finally the great
support given by the public authorities, in particular the forces, in
developing techniques and in industrial production. However it must not be
imagined that private firms were absent from the scene: on the contrary it
was at this very time that firms were established which, on a global scale,
became rivals and collaborators and which are, for the most part, the origins
of the existing major firms, sometimes as a result of detours but mostly in a
direct lire. Mention has already been made of the names of EDISON, BELL,
REMINGTON and MARCONI (EMI) who were both inventors and industrialists, and
American Telephone and Telegraph (ATT) are all well known. One may also
cite the leading enterprises in the electrical industry which rapidly
developed in the United States, Capitalist inventor-industrialists were at
the origin of these: Thomas EDISON, Elihu THOMSON, Edwin HOUSTON and George
WESTINGHOUSE: Thomson-Houston came into bitter competition with the other
two but finally merged with Edison in 1892 to form the General Electric
Company which then found itself facing Westinghouse with which it signed
agreements, It was General Electric which formed the Radio Broadcasting
Corporation of America (RCA) in 1919 to market radio receivers manufactured
using its patents. ITT was formed in 1925 when ATT and its production
subsidiary Western Electric had to relinquish their international operations,
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In Europe the company of the SIEMENS brothers , together with Philips
Gloeilampen NV (in which GE held 17X of the capital in 1935), like practically
all companies apart from the Swiss Brown Boveri company, signed cross-licences
with the American companies to share out the world market. The latter also
have fairly large investments in Europe. The Deutsche Edison Gesellschaft
(German Edison Company) was the precursor of AEG in Germany, and around 1910
the General Electric Company in Great Britain became independent of GE which
had founded it; in 1892, the year in which GE was formed, the Thomson-Houston
International Company (created around 1888), after having established British
Thomson-Houston, signed an agreement with the French company to operate the
Thomson-Houston processes in France, leading to the creation of the French
Thomson company, the only company left today to perpetuate the name of the
American inventor.

29. In the field of data processing with tabulators there appeared at the
start of the century the principal participants in a global oligopoly which
still continues today. The company founded by HOLLERITH in 1896 had to merge
with others to meet the competition. It became IBM in 1917 after being
headed by F.N. KONDOLF who was subsequently to become President of Remington
Typewriter (a subsidiary of Remington-Rand) and then by G.W. FAIRCHILD, who
founded and gave his name to a celebrated semiconductors firm: wunder his
chairmanship the director in 1914 was T.J. WATSON who came from NCR
(originally manufacturers of cash registers), and so on. The principal rival
company when the Hollerith patents (1909) came into the public domain was
Powers, also to be bought by Remington-Rand (which became the mechanographic
division of Sperry-Rand). At the end of the twenties it held 25% of the
world market compared with 75%7 by IBM, which already had production
subsidiaries in 54 countries(!) The directly competitive companies (such as
the British Tabulating Corporation in Great Britain and Machines Bull in
France) are small and few in number, and the existing firms in related fields
- such as NCR in cash registers or Burroughs in accounting machines ~ do not
now attempt to penetrate this market. In total therefore one may consider
that there is a real technico-industrial complex with its mother-technology
and its industrial actors who are responsible for utilising and developing it
in liaison with the extension and development of both the contributory
techniques and also the fields of application.

2.2, Advances in_the transmission and electronic processing of the signal
(1925-1955)

30. The first point to be noted during the second phase of structuring is the
birth, at the beginning of this phase, of what will subsequently be termed
mass consumer electronics (MCE). From the time of his work in 1897 J.J.
THOMSON had used a device which consisted of a cathode tube which projected
electrons onto a phosphor-coated screen; considerably improved this became
the receiver tube of television sets, but the emission posed the inverse and
unresolved problem: the transmission of images. The French scientist BELIN
was a precursor in the transmission of images by line (the Belinographe, 1907)
and his system for transmitting photographs using lamp amplifiers became
universal during the thirties., The wire-less transmission of images involved
the iconoscope which the Ru3ssian emigre ZWORYKIN developed in 1928, and the
first experimental television programmes were broadcast in England in 1929,
with the first permanent transmitter being used from London in 1936. The
recording and reproduction of sound, and not only of images, had made
important advances from the position at the beginning of the century, mainly
due to the techniques of amplification. EDISON developed his wax cylinder
phonograph in 1889; Louis LUMIERE and he produced their first cinematographic




-38 -

films between 1893 and 1895. These obviously borrowed from the 1long
photographic tradition but mainly called on the process of a photographic film
on a roll of G. EASTMAN (1884) who produced the first "KODAK"™ in 1888. By
1930 the electrophone (the name patented by Thomson) and the
electromagnetically cut disc were widely used, and the sound cinema supplanted
the silent cinema, in part due to Lee DE FOREST. In fact the magnetic
recording of sound was also to advance; the considerable improvements in the
process which POULSEN had presented in 1900 were slightly held back by the
dynamisae of the phonograph, but after MARCONI tried to buy the STILLE process,
which used a steel strip instead of a wire, the collaboration in Germany
between a chemical company (I G FARBEN) and an electronics firm (AEG) resulted
in the development of a system using a substrate of a synthetic material
coated with a magnetic track, and by 1934 the tape-recorder was functional.

31. Other progress in respect of the valve (or “tube®) was to reinforce the
so-called industrial electronics and, in particular, that intended for
military equipment. Worthy of note are the velocity wodulation and resonance
valves which were to result by 1939 in the Magnetron of H.H. .BOOT and J.T.
RANDALL which was the direct origin of Radio Detection and Ranging or RADAR.
The world conflict clearly encouraged auch progress in this field for land,
sea and air detection. A first interaction with space, which will be
amplified during the third phase, should be noted here. Aviation was to make
considerable progress as a result of the conflict. The V1 of 1941 wvas a jet-
reactor and the Germans had, by 1945, the first operational turbo-reactor
aircraft whilst the first rocket was the first ground-to-ground missile, the
v2. These developments provided great industrial support to the techniques
of information transmission, which were themselves idvanced by the impressive
efforts made during the war.

32, 1t was also space, but above all the war and the huge computing needs of
the United States Army, which made it possible to take a major step forward in
the processing of information and to make a real entry into the electronic
era, W.J. ECKERT developed the IBM tabulators, mainly ifrom 1934 onwards, at
Columbia University; at Harvard University H., AIKEN worked in the same
direction and, with the aid of IBM, built the MARK calculators; Mark I, which
was operational in 1944, operated up to 1959 and w:« first of all used to
carry out secret calculations for the US Navy. H. AIKEN and IBM then
followed separate paths. The latter, with help from ECKERT, built the SSEC
(Selective Sequence Electromic Calculator) which was not entirely electronic.
For reasons of reliability classical electromagnetic relays were preferred for
this machine which was completed in 1948. All this research work, including
the previous work of the German Konrad ZUSE, who produced the first calculator
with a recorded program in 1941, or that of BELL who tried to assist in firing
computations with a programmed calculator in 1946 (his 1943 cslculator was
used by the Navy up to 1961), demonstrates the intense pressure exerted by the
calculations which were needed for studying the profiles of aircraft or
ballistics firing tables. It vas the efforts made by the US Army which was
to permit the passage from mechanography or electromechanics to the fully
electronic machine, the computer. At the Moore School of Electrical
Engineering in the University of Pennsylvania, and in conjunction with the
Ballistics Research Laboratory of the US Army, John MAUCHLY and J.P, ECKERT
proposed in 1942 and again in April 1943 to build a digital electronic
calculator, The object was to solve numerically the differential equations
of the type encountered in ballistics problems, and amongst the techniques
envisaged are the use of bistablz circuits of the Eccles and Jordan type as
memories. With considerable reticence the US Army financed this project
which was very expensive at that time (US$ 400,000), By June 1944 a first
adding machine had been produced, capable of adding 5000 10-digit numbers a
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second, a thousand times faster than anything vhich was possible up to that
time. A first complete coamputer, known under the project name ENIAC
(Electronic Numerical Integrator and Computer), was constructed at the end of
1945 and commissioned in 1946 (with improvements it was used up to 1955) by
the US Army. Its defect lay in the time needed to pose the problem to be
solved since programming required the manual shifting of a large number of
plugs. The ENIAC group, in which von NREUMAN particpated from the end of 1944
onvards, invented the wodern method of recorded programmiung. ECKERT and
MAUCHLY left the University to found the Electronic Control Company: its
first product (the BINAC for the Northrop Aircraft Company) was not a success,
but the second, UNIVAC 1, which was delivered to the US Administration in 1951
for census purposes, merits attention for two reasons. Firstly there was the
fact that, lacking finance to build it, the inventors offered to sell it to
three firms: IBM found it uninteresing, National Cash Register hesitated for
too long, and it was Remington-Univac which purchased it, so easuring that
this company retained 100X of the world computers market up to 1954,
Secondly there is the fact that UNRIVAC 1 had no really superior successor
until we arrive at the third stage of structuring of the age of electronics.

2.3 The mastery of an irradiating technique (1955-1985)

2.3.1. The micro-electronic basis

33. A third phase of structuring occupies about thirty years which may be
centred around 1970. It allowed the electronics technique to achieve perfect
pervasiveness which first of all led to the complete electronisation of
information handling and thence to its processing and transmission under
extraordinarily improved conditions. This pervasiveness was acquired
principally by the miniaturisation and demsification of signal processing:
using increasingly reduced wvolumes it was possible to obtain processing
capacities which were multiplied to a considerable extent. The vacuum valve
in effect gave way to a triode on a solid semiconductor (ger—anium): the
transistor (BARDEEN, BRATTAIN and SHOCKLEY) appeared in 1948 and resulted in
a fundamental evolution in the nature of the component. However it was
necessary to wait until 1959 for the first entirely transistorised computer.
(8) 1In this same year R. NOYCE at FAIRCHILD (subsequently he founded INTEL)
and J. KILBY at TEXAS INSTRUMENTS developed the first integrated circuit, the
manufacture of which was to be facilitated by Fairchild's Planar process
(1961). What was involved here? The principle of the transistor remained
much more reliable than the valve; very much less voluminous it gradually
became wmicroscopic. On a semiconducting substrate (of silicon from 1954
onvards), a few square millimetres in size, are integrated several transistors
between which a circuit is etched, 1linking them together to produce a
connectable logic unit: this is a component which is no longer single, which
is "discrete” but complex, equivalent to a printed circuit board. Its
presentation, embedded in a kind of black resin domino from which emerge the
connecting lugs, explains its name of "chip”. First of all this method was
used to produce the "memories" which retain information given to them in the
form of a string of "bits" (binary digits), that is to say a succession of
numbers which are either 0 or 1 according to a base of 2, each of these
strings having its own "address"” in the memory,

(8) However "transistor” radios appeared at the beginning of the fifties, ten
years later "Hi-Fi” and colour TV had arrived; by 1972 we had the mass
consumer tape-recorder, with the increasing utilisation of electronic
components in these,
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34, The frst integrated circuits contained only a few tramsistors and the
term SSI (Small Scale Integration) was therefore used to describe thea. By
the end of the sixties integration had become wmedium (MSI) and by 1970
memories were available for storing 1000 bits, or lk memories (9). At the
beginning of the seventies in%tegration was spoken of as being large-scale
(LSI), the chips containing tems of thousands of transistors, and integration
would seem to be doubling every year, as was predicted by G. MOORE (of INTEL)
in 1964. Memories were holding considerable amounts of information: 4k in
1973, 16k in 1976 and 64k in 1978. The end of the seventies saw Very Large
Scale Integration (VLSI) with nearly a hundred thousand transistors on one
chip. The component is no longer just a component when the unit of
definition consists of several tens of thousands of simple elements, so why
not interconnect them into a complex circuit? The American INTEL firm
decided to do this in 1971 and produced the first microprocessor. This was a
real miniature machine for processing information: it can store data, be
programmed, call for iunputs, effect cutputs and, obvicusly, execute the
programmes using a central processing unit of the type used in computers.
Continuing progress on this wsother-technology gave wus, in 1985,
microprocessors operating on 32-bit words with 256 kbit memories. One can
therefore produce micro-computers which, with several chips, can be carried in
an attache case but are hundreds of times more powerful than the IBM 650 which
came out in 1955 and which was, in current Dollar terms, a hundred times more
expensive! The chip may therefore be regarded as one of the basic bricks of
an electronics construction industry. It involves the building of machines
to process information, and the following diagram summarises this situation
vhich results from interactions between fundamental research in university
laboratories and firms, but also between the military-aerospace programmes of
the public authorities, mainly those in the US, and the competition which
exists between the firms.

(9) 1 kbit = 210 bits or 1024 bits, read as "one kilobit".
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Figure I-3 : ELECTRONICS CONSTRUCTION IN 1985

(-~ COECETiOS
8x eoenr 4'wae sicraploaguette de silicine (] €'} voat
= gtoéres par dosnge vicroscopique d'inpuretés des dissi des chesing posr sae application ds sps-
ses. veire des cestaines e silliers de transisters, tise orgeaisast estre elies les brigees
relids par des chenies gravis par fuiscess d'électres de base
et doat la largesr est de 1'ordre ds nicrea (1/1080¢
de m)

- Les briques sioples: Les miserres 10N, DUAN ot SRAN,
et standards! BOR. BPROR...
(-~ STSTERE B RIPLOITATION

. Les Driquer gur oesure “ASIC's®

& lu finition “CATT ABLATS® (Operating Systen. e3. U ICS. WIE...
i ["asseabloge STINDSRS CRLLS" poar stiliser s spstéss de trantesent dv
& Is coaception “FULL COSTON” I'isforustion, wae “sackine’.
Source : . Le sadsle de base
M. HUMBERT. viritable sous-systese ) L8 BICROPROCESSI™R
1988, p- 26. de traitesest de 1 1afernstios)
- Les ordisstesrs (“conputers®, “Blectronic Bats proces-
sing sachines®...) (-- PROCRANNDS o APPLICATION
1 seat s premier lies des calesiotenrs, conse Jes
super-erdisatesrs (CBAY) wa les “Wisi® sciestifigues et Pour vésliser des traitesests spécifiques
indssteiels. de I'inforastios. grice i wa spotine ¢'es-
110 sont deveses “wniversels’ (Hsin-frases) ploitatios, sur uae “sachine”
- Les sicre-erdinatenrs sost construits sstour é'we ses] Ces programses soat des LOSICIRLS écrits
sicro-pracessesy et quelques conposests doas différests langages (FORTEAN, PEOLOC.
BASICS, PasCaL...).
- U286 sackises & traitesest de texte
Sur le sarché, quand 1lx soat vesdus cosse
- bs station de travail (Verking Station] dass us stelier des produits. os Jes appelles PROCICIBLY
posr cossnnder ua easesble ¢ usinages
- Le scasser on Je sstérie) DON
» Les ceatraur de cosantation télépbosiques puniriques
grands centraes pudlics et petits cestrons privis (MDY}
vis ss résesy
. Us tersinsl
Ls trasesission, ot réception ser on YERNINAL, plus o0  (-- Des oechises et dos logiciels sidest
seine “iste!ligent® (sgatioe plus ou ovise conploss), essotrire d'astres logiciels, ¢'antres
coastitor woe TELECORUUWICATION qui pest ve faire de oe- sschives, d'satres puces, & produire :
. sidre plus ou woins intersctive. Blie pest aveir lies :
« C40 Cosception ssistée por Ordinstesr
- entre dens eospossats sor sve pace (CAD Computer Rided Desige!
- eotre ooe onilé centrale de co'col ot wne mlscire = 110 Pabricatios dusistée par Ordisstess
de stockage (Cam Computer hided Masulactoring)

- estre dens “ordisatenrs’ dass wae eatreprise

- estre desy postes Lédéphos.ques vis us costral
‘NI Centreprige

< eatre dews erdrnsteurs, 1'us & Porin, 1'outre & Soc
Prascisce, estre us éuettenr de télévision & Nesico
ol ws réceptess | Breselles

= entre un centre de pilotage & Bourco et driese cu
Crotto




-42 -

2.3.2, The development of the electronic processing of information

35. The constructional activity counsists of assembling the basic bricks of

different types during one physical operation. However it is clear that
success depends on the architect wvho draws up the plans, on which he conceives
the whole before beginning to comstruct it. This non-physical activity

becomes all the more necessary as the number and the variety of the bricks to
be used becomes larger and when their assembly is to result in a more complex
assembly. This analogy enables us to appreciate the difference between the
HARDWARE, which is physical, being the chips znd the machines which they serve
to build, and the SOFTWARE, which is non-physical, being the mental activity
needed to design the chips themselves, the machines, th-ir general mode of
operation - the operating systeas - and the methods of use: information
processing machines are mostly open to a wide variety of uses, for each of
which it is necessary to consider the necessary piloting. The applications
programs, and also those needed for desigr including designing the chips, are
now written using information proncessing machines. This illustrates the
indissociable character of hardware and software in the electronic
construction industries.

36. During this period the typical machine built to this scheme was the
computer which was firstly an accounting machine, then a computing machine and
one which could handle strings of characters and to process texts and finally
a machine to process information of any kind, provided that it could be
digitised, that is to say translated into bits, hence the importance of
coding. Progress was closely linked to that of the mother-techmology, and
the generations of computers are distinguished according to the use made in
their construction of the new generations of componeats. The first
generation of valved computers, started with the ENIAC (cf paragraph 32) gave
way to the second generation of 1959 using solely transistors. The UNIVersal
Automatic Computer from the fathers of the ENIAC used magnetic tapes as
external memories in 1951, but still relied exclusively on valves whereas the
SEAC of the same period used only 750 valves and 10,000 diodes instead of the
5000 valves of the UNIVAC, In 1958 Seymour CRAY of Control Data put forward
the CDC 1604 with 25,000 transistors and a ferrite core memory, the system
invented by Jay FORRESTER at MIT in 1951 and used in his machine the
Whirlwind, with its 30,000 words and 48 bits, in 1953, In the following
years the UNIVAC Solid State 1 was entirely transistorised (J.L. PERRAULT,
1981). At that time these computers were gigantic machines whick occupied
very considerable space, necessitating large rooms equipped with air
conditioning, and a very large number of operators and technicians. At the
beginning of the sixties DIGITAL EQUIPMENT changed this concept with its
series of PDP (Programmed Data Processor) mini-computers, designed by K.
OLSEN. Machines which could be used in a research laboratory (or which the
US Navy installed in its submarines) wmade electronic computing directly
available to practically all scientists, The information processing machine
is no longer an immense workroom; it can now be effectively a machine
operated by a very small number of operators. This new concept was born with
the second generation which generalised the first universal programming
languages, principally FORTRAN (FORmula TRANslation), launched in 1956 with a
25,000-1ine compiler program for translating into machine code.

37. This concept was not really confirmed until the launching of the third
generation in 1965 with the IBM 360. 1In effect the third generation involves
the general utilisation of large-scale centralised information processin
("informatics”) in large companies (rather than the specific equipment in
their laboratories or design offices) and then in public administrations.
In this way informatics passed from the major university, military computing




-43 -

centres, or large networks such as airline and other transport reservation
systems, to large enterprises and administrations, in particular for the
management of their personnel and their accounting. Certainly small systems
had become numerous and were rapidly increasing in number (23,000 in 1965 to
49,000 in 1970) but they were still mainly installed in the United States (90%
in 1965, 80% in 1970) and could not be compared in terms of value with the
large systems which were more widely distributed outside the United States
with a not ‘nconsiderable production in Europe, and subsequently in Japanm.
The American total, with 3700 general computers, still however accounted for
45% of the world total in 1965 and 52X in 1970 with 14,000 wmachines.

38. IBM, with its 360 series, was the king-pin of this growth, and this was
oot solely due to the progress in hardware, which had benefiited from a
Research and Development expenditure of no less tham US$ 5 billion! This
machine did not use the integrated circuits which FAIRCHILD had been selling
from their catalogue since 1962, but only hybrid circuits or micro-modules.
However it is from this date that vertical integration dates with IBN,
producing its own micro-modules and subsequently its integrated circuits.
Technical progress was more in the softwvare with a first standardisation of
the operating systems which made it possible to use a program written for one
machine on any other computer in the series, at a time when clients were
beginning to see programming costs represent major costs which they did not
vant to have to meet again when changing to a more modern and more powerful
machine. This meant an advantage for the client, but only if a new IBM
machine was purchased, so keeping the clientele faithful. There was further
progress on the software by the development of a new standardised EBCDIC code
(Extended Binary Coded Decimal Interchange Code) with eight binary digits,
making it possible to code 256 characters instead of the usual 6-digit codes
which could only handle 64 characters or signs whereas an accounting
department customarily uses 120 signs, consisting of the upper and lower case
alphabets, accents, punctuation marks, operational signs and commercial
symbols such as @, &, §, £, %, etc. Corresponding to this the smallest unit
accessible in the memory was no longer the word defined by several -characters
but the character defined by an B8-bit octet. IBM's R & D expenditure was
also directed towards the problems of distribution and, in particular, of
maintenance. IBM had instituted a major commercial innovation: the leasing
of its large systems. Since clients only had to pay one forty-eighth of the
total cost each month they found this a major encouragement to installing the
systems, and thence obviously remained totally faithful to IBM. By 1965 the
total number of computers of all sizes was of the order of 30,000: in 1967
IBM was producing 20,000 annually, or 50% of the world total. Although the
end of the sixties could be seen as a period of damping-down of economic
activities in the indvstrialised countries the large computer market saw its
turnover increase by 20% per year.

39. The fourth generation was progressively installed during the middle of
the seventies and siwultaneously confirmed the arrival at maturity of the
centralised large computer systems and the explosion of other concepts of
electronic_data processing (EDP or informatics) through the use of circuits
with increased densities of integration and of microprocessors. The
universal computers or mainframes also utilised this progress, replacing
ferrite cores with integrated circuits; the perforated cards, which were the
last vestiges of the 19th century tabulators, disappeared in their turn as a
result of the time-sharing system which, from 1971 onwards with the IBM 370
series, made it possible to enter pcograms or data from a keyboard or terminal
which was linked, possibly at some distance, from the central processing unit
(CPU) and which also allowed some degree of interactivity, which did not
necessarily involve a high level of batch working, by means of a team of
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operators. Operating systems became very complete, using computers with
large internal memories, several programming languages and high-performance
storage peripherals such as tape readers and then magnetic disks with access
times of a small fraction of a second for considerable quantities of
information: one billiom bits per disk, or the equivalent of seventy thousand
normal pages of text.

40. This time mini-informatics was able to develop very considerably as a
result of the progress in the integration of circuits and the reduction of
costs, whilst for the largest military, meteorological or scientific
computations these technical possibilities resulted in the birth of the super-—
computers. The first of these was ILLIAC 1V, launched in the United States
as a result of credits granted by the Pentagon through ARPA, the Advanced
Research Project Agency, by the University of 1Illinois and Burroughs.
Developed in 1970 with an architecture allowing it to carry out calculations
in parallel it was capable of carrying out 50 million floating decimal point
operations per second whereas the IBM 370, which came out in 1971, could
execute less than one million instructions per second., CRAY, at Control Data
from 1972 onwards and then with the company he founded, began the race to
greater power with the CRAY 1 in 1976: today CRAY can offer a billion
floating decimal point operations per second. On the one side there are now
the gigantic machines (but with only 150 machines in the world in 1985), on
the other the increasingly smaller and less expencive machines with powers
that are very far from being laughable. In 1987 the most powerful IBM
general computers are equivalent in power to the ILLIAC IV, whilst office
micro-computers have the same power as a 1971 1BM 370.

41, Micro-informatics, that is to say the construction of a computer around a
microprocessor, was born just after the invention of the latter: the then
independent French producers R2E seems to have been the first to build and
sell a machine of this kind in 1973. The direct result of the
miniaturisation of components it constitutes one of the direct applications of
the pervasiveness of the mother-technique to the processing of information.
To build a computer around a single microprocessor involves adding to it some
components, an operating system, a keyboard, a screen, a cassette reader and,
subsequently, a floppy disk drive (invented in 1973 by D. AHL at DEC) or even
a hard disk, and peripherals such as a printer or even a laser printer. This
makes the micro-computer not just a more complex computing tool than the small
calculators which have proliferated since the beginning of the seventies but
also a working station for a design engineer or for a secretary-typist who
needs to organise her office and to process texts, etc. In fact it was the
personal micro~computer which was the origin of the widespread explosion of
informatics: in 1985 the world total of these micro-computers was about
twenty million (costing less than US$ 10,000) as compared with fifteen
thousand large systems (costing over US$ 1m), two hundred thousand medium-
sized systems (averaging US$ 300,000) and two million small systems with fewer
than sixteen operators (at an average of US$ 10,000). This growth has seen
tha advance of other firms, in particular APPLE (1976) which was to dominate
the office micro-computers segment of the market until the late arrival of IBM
with its PC in 1981, Linked to others by means of local networks, connected
if necessary to one or more more powerful central computers, also accessible
from the consoles, this gave rise to a new concept of distributed informatics.
The expansion of the mother-technique has not only overturned the processing
of information buf. has also influenced the transmission of information.
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2.3.3. The mutation in telecommunications

42, The unidirectional transmission of information did mot undergo any
major transformations before those which emerged at the beginning of the

eighties. Up until then land-based radio links broadcast radio and
television. However during the sixties cable television networks were

installed in the United States and Telstar inaugurated in 1962 the
transmission of television images by satellite between Europe and the
United States. Whereas the conventional radio land relays linked together
the independent broadcasting networks the use of satellites was to combine
unidirectional and bidirectional transmissions: telephony and television
were to share the utilisation of the satellites. From the point of view
of the general public receiving and storing the transmissions we have
already pointed out (paragraph 33, note (1)) the change to colour
television and the video-recorder. Another combination with telephony
appeared with the emergence of videotex (teletex): information of a new
type, in particular data series transmitted over the telephone lines and
visualisable on the screen of a television set or a dedicated terminal,
such as MINITEL in France. We are already at the end of the period: the
electronic directory was launched in France with Minitel in 1983 and was a
success whereas the British PRESTEL, which started later in 1979, was not.
The television set has also been able to serve as a domestic computer
(launched in 1977 by SINCLAIR in Great Britain) even if the fall in the
cost of micro-computers was also showing in 1985 a tendency towards the
independence of these machines and hence towards a multiplication of
domestic screens. The house was becoming equipped and h¢ 2 informatics(*)
was coming into sight.

43, The bidirectional transmission of information constitues what may be
termed a communication, and when this is carried out over a large distance,
a telecommunication, Up to the middle of the sixties it was almost
exclusively by telephone, with an essential place for person-to-person
speech communication, even if the advance of the telex was impressive when
transmitting texts which needed to remain short because of the time needed
for transmission: ten seconds for one page over the normal telephone
networks. The managers of these networks were thus real information
carriers, causing the information to circulate in analog fashion in the
form of variations in the electric current along a twin line which had to
be established in space to link the two correspondents. Considerable
progress was to take place in regard to putting the two communicants in
contact with each other by way of switching systems, in respect of the
speeds and modes of transmission and, cortespond1ngly, on the nature of the
communications which were possible,

44. Telephone switching was initially carried out manually using plugs
invented by the Awmerican JACK, establishing communication by joining
together two lines on a2 square switchboard. Research work rapidly
established a system of automatic switching, each client having an
identifying number. The first system to be widely adopted was that
proposed by STROWGER in 1891 and which, improved on many occasions, has now
more or less completely disappeared. By contrast the so-called ROTARY
system, developed in 1897 by Western Electric (ATT) is still beiryg used to
some extent throughout the world.

(*) The word used in the original French t.. 1 “domotique".
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These systems have not however been further improved but have been replaced
(in France in the sixties) by autonatic systems with centralised comntrol,
1n 1960 the first telephone exchanges under entirely transistorised control
appeared (ATT in the United States, Antinea from CNET in France). These
are termed semi-electronic space-division systems since electronic control
continues to establish a conventional spatial comnection between the sub-
scribers through which the messages are transmitted in real tiwe and in an
analog manner along a physically established line. Extended usage of the
electronic technique will lead to time-switching, so called because it does
not place the two subscribers im continuous contact but provides them, for
example with 4 microseconds of conversation every 125 microseconds; this
means that it is possible to chop up and then reconstitute thirty
simultaneous conversations on a single channel of communication, The
time-switching does not alter the message, but to achieve this requires
very accurate equipment and to carry it out in such a way that the selected
portions of the message do not suffer from any interference or distortion.
To arrive at this it 1is necessary to digitise the messages: the
subscribers are thus not in a direct relationship; the relationship is in
real time but is effected by a digital binary coding (into bits).  The
exchange becomes effectively an information processing machine with analog
inputs and outputs, but primarily a point of "digital"™ processing and so is
a true computer. The CNET was the origimator, in 1970, of PLATON, the
first time-switched subscriber exchange (for 2000 1lines) which was
commissioned in 1970 at Perros—-Guirec in France. This exchange went into
production by the CGE under the name E10 in the following year, and since
that time the major world firms have proposed their own all-electronic
exchanges, the performances of which have been improved by the use of
integrated circuits. It is possible to see quite clearly here the
convergence, by the diffusion of progress in the mother-technique, of the
two fields of the processing of information and the transmission of
information. It is entering enterrrises with the appearance, at the
beginning of the eighties, of electroni. private automatic branch exchanges
(PABX). Switching therefore involves developing an information processing
machine with its hardware, software and servicing problems.

45, In the case of telecommunications lines on the networks those services
which remained, until the sixties, exclusively carrier services have aivays
represented a turnover which was many times larger than that of sales of
switching or traansmission equipment, The carrier service has remzined
linked essentially to management and invoicing. The rvange of services
offered will be extended from speech communication to the communication of
data, firstly on the existing channels and then on others; beczuse of the
needs of enterprises: they want to exchange between themselves the data
which they utilise on their computers so that they can gradually marage all
their activities and all their wmultiple installations dispersed over the
same country, even if this is vast like the United States, and even
sometimes over the entire planet. In the same way the creation here or
there of a vast data bank has the value of being able to o2xtend the
facilities for consulting it beyond its normal users or visitors (those
entering the actual building) who can consult it by means of conscles
linked to the central computer: why not sell remote consultation? To go
even further it is possible, when the processing capacity of a large
computer is not all being used, to consider selling its part remote usage
to a few clients... Faced! with such needs the carriers are often public
bodies (such as the DGT in France) or exclusive concessionaires (iike ATT
in the USA) in order to cover the whole of the national territory. They
have to install a network of more or less evenly distributed density and to
offer a tariff structure allowing access to the telephone to homes and
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isolated areas without taking the relative surcharges on costs into
account; that is to say they have to practise a generalised costing which
means over—charging long distance communications and under—charging urban
communications. The technical progress linked with electronics can omly
accentuate the differences to be compensated for whilst encouraging the
carriers to offer a service - advanced or value added - which will go
beyond speech transmissicn: the transport of digital d.:a with addresses,
temporary storage, the establishment of special higher speed radio or orher
links, electronic mail, new terminals, answering machines, radiotelephony,
teleconferencing and telefaxing. The extreme diversification of the
possible services, the ways of implementing them aund the high level of
variability in the real costs, of the needs and the payment capabilities of
the users make it necessary to consider not only the question of whether
the telecommunications services can remain the province of a public
monopoly, whether approved of or not, but also the fact taat the nature of
the terminals to be used may also evolve to a considerable extent. This
evolution has given rise to a movement towards deregulation which resulted
in the United States in 1984 in the dismemberment of AIT, whilst at the
same time authorising it to propose value aided services and to launch out
into informatics. A movement of the same type is making itself felt in
most of the industrialised countries, linked very closely to technico-
industrial evolution.

46, The recent digitisation of switching has been a complementary
stimulant to that which the deregulatory movement had previously found in
the evolutions in modes of transmission: by the use of microwave relay
stations and more especially of satellites in order to effect specialised
point-to-point links for users who were not important in terms of numbers
but who each had very high levels of consumption. The satellites
constitute one of the points of industrial and technical interaction
between two differentiated complexes: electronics and space. The
rockets, born in the Second World War, only made it possible to put
satellites into orbit after the first "Sputnik" in 1957, The catching—-up
programmes of NASA and the armed forces in the United States largely
encouraged the development of the wmother-technique towards micro-
electronics and have continued to promote the development of telecom-
munications techniques wusing rockets placed in terrestrial orbits,
catapulted to the moon or even sent to the very edge of the universe.
Other nations apart from the United States and the USSR have started up the
ladder (Europe with the Ariane space programme since 1984) to offer a
satellite launching service, particularly for telecommunications (10).
From 1965 onwards, with sufficiently powerful rockets, it was possible to
place satellites carrying electronics in an equatorial orbit, at a height
of nearly 36,000 kilometres, acting as "transponders”, that is to say
receiving, amplifying and retransmitting signals. With such an orbit they
appear fixed in one place in the sky: they are geostationary. The first
of these, Early Bird in 1965, made it possible to offer 240 circuits teo
five ground stations which could then organise global telephony using radio
waves via satellites. An international organisation INTELSAT, with an
American majority holding, reigned for twenty years in this field whilst
operating it, up to 1984, as a public service. Other organisations exist:
INMARSAT for maritime navigation and, in telecommunications, EUTELSAT for
Europe, ARABSAT for the Arab countries and INTERSPUTNIK for the communist
countries (although theoretically open to all).

(10) Japan, China, India and Brazil are at the very least potential
candidates,
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In 1983 Intelsat had more than 100 members, used 680 land-based stations
(owned by the membcr states) and offered 300,000 telephone circuits with
more than 1000 international routings and five television channels; it
also leased transponders to more than twenty countries for their domestic
communications requirements. The monthly cost of leasing a telephone
circuit, which was nearly US$ 3000 in 1965, fell to almost US$ 300 in 1983,
Retransmission techniques are evolving with the move to Multiple Access by
Frequency-Sharing and Multiple Access by Time-Sharing with on-board wave
switching, which will further multiply their capacity. These satellites
transmit not only telephone conversations and television broadcasts but
also data transfers at very high speed, compatible with the working speeds
of the computers to which they are connected in this way. There are also
national or multinational satellites to organise internal telephonic or
informatics communications, or again for the Direct Broadcasting by
Satellite (DBS) of television. As a result of the increasing power of the
satellites placed in orbit it is now possible to operate in such a way that
anyone with a personal antenna (which electronics progress is making
constantly smaller) can receive the broadcasts from the satellite. In the
Franco-German project the antennas needed will be less than B0 centimetres
in diameter. Finally private companies, mainly in the United States, are
starting to use satellites to transmit their television broadcasts to their
cable network centres or to establish long-distance communications
which,under US legislation, has been permitted on US territory since 1973
and for international communications since 1979. Amongst other activities
this makes it possible to establish and to sell the services of private
global networks for advanced or value added telecommunications, such as
those of General Electric.

47, Transmissions by cable have certainly suffered to some extent from
this competition from non-terrestrial radio 1links, despite not
inconsiderable progress. The first cables transmitted telegraphy but
obviously were not efficient enough for telephony which had to use the
radio system, for example to cross the Atlantic. On land the use of
amplifying relays obviously did not pose the same installation problems.
The first transatlantic coaxial cable, the TAT-1, with submerged valve
repeaters, was laid in 1956 and was used until 1978: it could carry 36
conversations simultaneously. The use of transistors from 1964 onwards
meant that it was now possible for this type of transmission to carry up to
3500 communications., No new major improvements were made on copper
cables, but on the other hand an important change came with the development
of the LASER (Light Amplification by Stimulated Emission of Radiation).
This was invented by TOWNES in 1958 on the basis of the MASER (Microwave
Amplification by Stimulated Emission of Radiation), of which he was the co-
inventor (he also shared the 1964 Nobel Prize for physics), and uses the
principle of optical pumping. Lasers are used as a means of analysis, to
carry energy (as in cutting sheet metal or textiles, or human tissues in
surgery) or as information substrates. The laser makes it possible to
obtain a coherent beam of 1light which can be modulated to transmit
information. This idea had been patented by BELL himself in 1880, but it
was necessary to wait for the laser to have such a form of light., However
it needed an efficient guide: glass fibres seemed to be indicated, but
unfortunately t{:&d’.r attenuation is very high, With an ordinary glass
fibre only 10~ of the energy introduced is left at the end of one
kilometre, or in other words nothing. The progress obtained with silica
fibres has been considerable, In 1972 the American Corning Glass company
succeeded in retaining 40% of the energy, or a calculated attenuation of 4
deciBels per kilometre; today the attenuation would seem to be of the
order of 1 dB/km.
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Fibre optics are therefore already operational, and furthermore offer very
wide pass bands. They do not seem able, however, to compete in the
immediate future with the existing applications for transmissions from
satellites, but they are particularly well suited to very high transmission
rates over short distances (local informatics networks) or in hostile
electromagnetic or electrostatic environments (military communicationms).
It is however proposed to put into service in 1988 a fibre optics cable,
TAT-8, 6600 km long between the United States and Europe, capable of
carrying 40,000 simultaneous telephone conversations at a high speed (280
million bits/second) and at a cost level of between 25% and 60X of that for
the previous copper coaxial cable TAT-7.

2.4. The inauguration of a mew technico-industrial age

Figure I-4 : THE STRUCTURING OF THE AGE OF ELECTRONICS
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48. The above diagram shows how two technico-industrial fields, borm in
the 19th century and remaining quite distinct up to the start of the
fifties, are positioned around the components. These two fields are
firstly what is termed in this report "informatics"™, that is to say the
processing of information, or rather of data, and to begin with solely by
computation, and secondly what is termed "telecommunications", that is to
say the transmission of information, or more precisely on the majority of
cases interpersonal speech communication (telephony) or the unidirectional
broadcasting of sounds and images. Under the main impact of evolutions in
the mother-technique, which became what is commonly called micro-
electronics and which spread into both fields, there was a prodigious
expansion of informatics from the sixties onwards which began to be a
communicating-informatics: with distributed, divided-up and portable
operating systeas between machines and local networks and the communicatiom
of data over a distance between computers, a movement towards the inter-
operability of information processing machines capable of working mot only
as calculators using numbers but of processing texts, images and sounds.

49, Under the influence of these same causes telecommunications were
profoundly altered, passing from a moderate usage of the amother-technique
and of analog modes of transmission to digital switching and transmission.
This change is nearing completion in the case of telephony, it may be
forecast (cf. 1.3) in the case of television broadcasting but has yet to
come, and is even moving towards a marriage between optics and the
optronics-electronics of lasers and fibre optics. This introduction of
micro-electronics is also extending to those services which it is possible
to offer when a telecommunication link is established: this now demands
the extensive processing of information in order to digitise it, to form it
into packets, to multiplex and switch it and then to reconstitute it. The
new proximity of these old techniques is principally illustrated by the two
American giants in each of the formerly distinct sub-fields: ATT and IBM,
each of whom are attempting to establish a footing in those activities
which would until now have seemed to be reserved for the other company.
ATT has entered the field of informatics, offering its UNIX operating
system as the future standard for telecommunicating informatics, whilst
IBM has entered the private automatic branch exchange (PABX) field with
telecommunications via satellites and major value added networks,
videotexts, etc.

50. Everywhere, in factory workshops or laboratories, in the offices of
enterprises, in large and small administrations and even in the homes of
private persons, the electronics technique makes it possible to solve
problems of the electronic handling of information which, in general, links
together 1local processing and transmission. Whilst communications
involving long distances and the communication of major quantities of
information remain the specific field of telecommunications, and whilst the
principles of the electronic manipulation of information continue to
constitute what we term informatics in this report, they are becoming
increasingly interlocked in this area: a switching exchange forms part of
informatics, Furthermore specialists in either of these fields are able
to meet the specific and differentiated needs of workshops, offices and
private homes when existing equipment is being renewed. Mechatronics
("mecatronique”) should thus lead to a new concept of the machine and of
the process of transformation, and should today join together mechanical
engineering and electronics, the hardware and the software, leading to an
activity which could be termed cerebrofactive,
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Office informatics ("bureautique™) brings with it the in-depth transformation
of all office activities: filing, classifying, the productions of original
documents or copies of them, even internal printing and distribution in
organisations not involved in such activities, have all become possible and
have made it possible to go beyond the "informatised™ maaagement of personnel
and accounts, Finally domestic equipment is itself in the process of
transformation which demands certain specific developments. This is not just
a matter of converting the telephone into an intelligent terminal, of
associating with it the television receiver and the tape recorder, or of
making the compact disc evolve towards a peripheral for a micro-computer, but
also of "cabling"” the house so as to make it intelligent, to ensure its
security and air conditioning and to operate, if necessary by remote control,
the various appliances for household service and production: home informatics
("domotique”) also constitutes a kind of new product-complex in the same way
as mechatronics or office informatics and calling on the same technico-
industrial electronics complex.

S1. Finally the level of maturity attained by the technico-industrial complex
has led to an extremely important evolution in regard to not only the
manipulation of the information but in the information itself. Information
has no existence unless it is communicated (or is at least communicable), and
this requires "the ‘formatting' of a material substrate™ (L. GILLE, 1987, p.
30) to constitute an original which will then be delivered in that form or
after duplication. With the exception of that which is experienced without
any intermediary - face-to-face, by direct action or as a living spectacle -
the formatting or delivering of any information, that is to say its
"packaging” (L. GILLE, ibid) and_ its manipulation, which constitutes an
information or communication service, is increasingly being carried out with
recourse to electronics which increase the performance of the service. From
creation to reception, through writing, production, printing, programming,
distribution and dissemination, all types of information, whether through the
press and printing, audio-visual means or the cinema, and not just those
previously cited (inter-personal communication, informatics and office
informatics) have come to involve the employment of electronics and
digitisation in a period of transition and of convergence. This is the
result of what one may term the new universal 'alphabit' of communication
(HUMBERT, 1987, p. 43), the alphabits which constitute the elements which are
processed by the basic bricks of electronics construction. Th~ new technico-
industrial age which is being instituted is clearly slso that of
communication.

3. TECHNICAL PROSPECTS FOR THE EIGHTIES

5?. The technical evolution of the coming years will be principally in the
hands of those actors who are at the preset time dominant in the technico-
industrial complex. The prospects which are set out below therefore conform
to those of these actors, for example to the prospects set out by J.S. MAYO.
Vice-President for Networks Systems at the BELL LABORATORIES of ATT (1985, p.
132) or, again, to the survey carried out by the Japanese journal NIKKEI
ELECTRONIC in 1988 of the heads of research in public laboratories and
electronics enterprises in Japan (F. GROUT, 1988). This forms a summary of a
considerable quantity of information extracted from professional journals
which have not been systematically quoted elsewhere. This summary confirms
the pertinence of the approach which we have adopted in the previous sections,
and so allows us to set out the prospects for the eighties as being those of &
period of the deepening and extension of the coverage of the technico-
industrial complex, the contours of which have already been well defined, and
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not as new ruptures in the complex. Evolution will be pursued around the
same mother-technique but also by way of increasing interactions with certain
contributory techniques, especially opto-electronics. The advance of the
digitisation of information will principally affect the field of television
?;ﬁa more especially audio-video tecnhiques) and the field of networks,
particularly the important matter of the ISDN, the "Integrated Service Digital
Neworks"™. These extensions of capacity, coupled with increasing powers of
processing, will draw all the information processing machines increasingly
towvards the processing of knowledge with on the further horizon, extended ISDN
services, the Artificial Intelligence of the fifth generation computers, the
intelligent house of howme informatics and the factory without men of
mechatronics which will give a stimulus to and provide the final objectives
for the efforts made in the coming years and up to the year 2000.

3.1. The deepening of the mother—technique: progress on the building bricks

53. Developments in the density of integration of the basic bricks, of the
chips and more particularly the memories, has constituted an essential element
in passing to the age of electronics, making it possible to incorporate
information processing machines into most activities (see Chapter 1I).
Requirements in respect of density of integration, that is to say for
processing even larger quantities of information, remain potentiszlly very
considerable and open up the possibilities of operating in all these
activities with improved performance. Is it possible to envisage the
continuance of the very rapid rate of progress in the intensification of
in.egration of the past whilst still remaining on the same technical lines?

54. Taking the example of the Dynamic Randon Access Memories (DRAM) we may
look at the analysis set out by C. PARE within the framework of a prospective
study for the French Plan (de ROBIEN, 1986, pp.52-53) and in which we
participated. Several factors intervene in increasing the level of
integration :

() Line widths (L). As the definition becomes finer so there is an
obvious increase in the number of elements which can be created on
the substrate. The elementary criterion is defined by the surface
vwhich defines the intersection of two lines, the pixel. The
techniques for drawing on the substrate are obviously important.

(ii) Design features Designers endeavour to store one bit of
information using the least possible number of pixels, where N is
this minimum number. 1t has already been found possible to advance
from a group of three to a single transistor, and it is now
necessary to reduce the size of the latter.

(iii) The surface area S and its filling level R (%). A part of the area
is used not to store bits but for the inputs and outputs. One seeks

therefore to maximise R and to increase S. However S will remain
limited for at least two reasons: the first is that efficiency
falls very rapidly with the surface area and secondly because the
pover which is dissipated increases rapidly (even if it decreases
with the width of the line). The following table summarises
probable developments between now and the year 2000 and what is
today regarded as the domain of the possible.
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Table I-5 : THE DETERMINANTS OF INTEGRATION PROGRESS

1960 1984 2000 Potential
L (microas) 60 2.4 2.25 0.15*
Pixel (micron?) 3600 5.76 0.0625 0.0225
N (pixels/bit) 100 12 6 2.8
R (%) 36 52 60 75
S (mm?) 1 35 100 200
Bits/circuit 1 256 kbit 18 Mbit over 1 Gbit

(*) Line widths well below 1 micron are beginning to be explored, but at
these dimensions one has to ignore all the electronics effects,
production costs, efficiencies, etc.

Source : De ROBIEN (1986, p. S53)

55. At the present time 1 Mbit memories (1 Mbit = 1 million bits) are being
sold which contain two million components. Samples of 4 Mbit memories, with
a line width of between 0.8 and 1 micron, have already been produced by the
major manufacturers who promise samples of 16 Mbit memories in 1990. Their
laboratories already envisage the production of 64 Mbit memories which could
thus be in mass production towards the year 2000. In the following
paragraphs we give some information to highlight the certainty of these
prospects, the importance of which is considerable. 1In particular it implies
that production of the basic bricks will follow the same trends as those of
the last fifteen years, and that all electronics construction will also
follow, at the same rate, these improvements in performance, at least up to
the year 2000. Furthermore, and even if the technical development of the
basic bricks then falls off the time~lag in their utilisation in electronics
construction will ensure that the latter enjoys some supplementary years of
rapid evolution. It is obviously impossible to forecast with the same
certainty what electronics construction will achieve with these future basic
bricks. However ome must count not on a halt or a slowing down but the
maintenance of the rate of evolution of the performance of integrated circuits
between now and the year 2000.

56, During the manufacture of integrated circuits there are three
particularly delicate stages when integration is greatly increased. The
first is that of designing the circuit, on which it will be necessary, by the
end of the century, to place and coordinate up to 100 million coumponents.
The problems will have to be resolved by using the tools which the electronics
construction industry will be developing for itself, and which will tend
towards artificial intelligence: we will return to this under point 3.3.
The second concerns lithography: this is used to reproduce the drawing of the
circuit on the disc of silicon, and three such techniques are available at the
present time. Optical lithography, almost exclusively utilised up to the
present time, is claimed to be unusable below a width of 2 microns. After
having produced & mask this is reduced optically using the lens of & reducing
appliance, and this drawing is then repeated over the entire surface of the
disc of silicon, or wafer: in this way some n copies of the same circuit are
produced. This is photolithography, which encounters an obvious limit: the
degree of precision of the structures cannot exceed the wavelength used for
the exposure (the drawing is projected onto a photo-sensitive resin).
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Today the producers of equipament, such as ASM Lithography, offer optical
photo-repeaters capable of production writing of 0.6 microns and fitted with
lenses operating at a wavelength of 0.365 microns. Such equipment will
permit the production of 4 Mbit memories. They are also preparing for photo-
repeaters working with light (in the ultraviolet section of the mercury
spectrum) with a wavelength of 0.248 microns and which will allow minimum
draving widths of 0.3 micronms. The difficulties which still have to be
resolved when producing 4 Mbit and 16 Mbit memories from the side of the
lithography equipment relate to the accuracy of positioning and the respective
wovement of the marks and the substrates, and this will certainly be obtained
by integrating automatic alignment systeas.

57. The second technique available today is that of X-ray photo-repeaters,
The equipwent available today is satisfactory down to design criteria of 0.5
microns; the new equipment, using synchrotron sources, will allow drawing to a
mininum width of 0.2 microns, that is to say it will make 64 Mbit memories
possible. It should also be recalled that the NTT laboratory announced in
1987 X-ray drawing down to 0.01 microms... Clearly lithography is not a
limiting factor. There is in addition a third technique, that of direct
draving with an electron beam. This technique has not been widely developed
since although it does not need any masks, which could make it attractive for
short runs, the cost of the equipment is extremely high and the exposure times
are very long. In practice this is still a laboratory technique, but one
with potentially very high precisions of very much less than one micron. It
offers potential for the pursuit of the miniaturisation of circuits, perhaps
more in the case of specific circuits (see paragraph 60) than in the case of
standard circuits.

58. A last and particularly delicate stage, once the design of the structures
has been delineated on the wafer, is obviously that of the so-called etching
stage. In addition to the classical RIE technique (Reactive Ion Etching)
there are now competitive techniques which utilise a reduced energy of ion
bombardment whilst allowing greater selectivity. These techniques such as
MIE (Microwave lon Etching) and ECR (Electron Cyclotron Resonance) are already
operational whilst others are still being developed such as etching by
focussed ion beams. These facts convince us that there will certainly be a
continuing miniaturisation of memories and, more broadly, of the basic bricks.

59. The other basic modules, the microprocessors, do not go out of fashion at
the same diabolical rate as the simple memories, even if their integrationm
density follows. The reason for this is obvious: they are already extremely
complex systems. Certainly they have their own levels of complexity: since
INTEL's first 4004 microprocessor of 1971, working on 4-bit words, there have
been the INTEL 8008 of 1974 working on 8 bits, then the 8086 of 1978 on 16
bits; the first microprocessor with a true internal architecture was the 32-
bit NS 32016 of National Semiconductor in 1982. However if the use of less
integrated circuits is tending to disappear use still continues to be made of
microprocessors using shorter words. A survey carried out in 1986 at the
Japan Electronic Industry Development Association showed that they only used
32-bit microprocessors for systems priced between 40,000 FF and 400,000 FF,
and 70% of these applications were concerned with CAD, robots, advanced
telecommunications or military electronics, and only 30% were used in office
and micro-informatics. By contrast these applications will be in the lead
(84%) by 1990, For the moment nc interest is seen in 64-bit microprocessors:
many applications are still happy with 8-bit microprocessors. In 1984 more
than 85% of the microprocessors sold throughout the world (585 million units)
were 8-bit microprocessors, their value being half that of the global sales of
microprocessors. All forecasts are agreed in considering that the annual
rates of growth of sales will remain very high (of the order of 25% in volume
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and 18X in value), even if the cates of grovth for 16-hit and 32-bit
microprocessors will be higher than these figures. The technical evolution
is that of the wassive diffusion of these basic modules for information
processing and by the middle of the nineties the annual production is likely
to be in excess of one billion microprocessors, The following figure

provides tws diagraams illustrating the evolution of integrated circuits and of
microprocessors.




-56 -

Figure I-6 : THE EVOLUTION OF INTEGRATED CIRCUITS AND MICROPROCESSORS
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60. The evolution of microprocessors could however be marted by some
happenings. Iz each category of wamicroprocessors there are several
generations, and in 19G8 there appeared noi. only new generations froam the
usual manufacturers but also a new coucept with the TRON microprocessors from
the Japanese manufacturers. TRON provides a new concept of the operating
system at the same time as the American manufacturers seem to be moving ahead
by abandoning the conventional CISC (Complex Iastruction Set Computer)
architecture to move towards an RISC (Reduced Instruction Set Computer)
architecture which makes it possible to obtain more from the same material
potential, Furthermore many applications do aot use microprocessors directly
but rather micro-controliers which consist of a microprocessur, ieput-output
devices, peripheral memories, clocks and counters, 211 on the same chip.
Sales of these in 1984 were more thar four times greater than microprocessors
alone. These are micro-systems for information processing, more specialised
than microprocessors, some being intended for video recorders of telephone
exchanges {(with &4-bit microprocessors), others (with 16 bits) for control
functions in automobiles, etc. Most of the microprocessors are themselves
intended directly and almrst exclusively for use in micro-computers, such as
INTEL s 80286 for IBM's DC-AT and for all its “"clomes”.

61. It can be clearly seen how the unitary component, because of its extreme
density of integration, more than ever - and apart from the memory circuits -
constitutes a system which has to be found very near to its application.
With the exception of systems offering major outlets in reiatively
standardised products such as micro-informatics, automobiles, mass consumer
electronics goods, ISDN and perhaos its terminals of tomorrow, integrated
circuits have to be defined as a function of specific applications and be
pro‘uced on a relatively small scale which does not make it possible to
achiave the same productivity as the large-scale products when the equivalent
techniques are employed. The development of the so-called ASIC's or
Application Specific Integrated Circuits, or customised, made-to-measure or
personalised circuits, will thereforz continue to be seen. Fully made-to-
measure or "full custom”™ circuits will, because of their high cost, rcemain
restricted to very limited fields (military applications), whilst the
prediffused netwoks or "gate arrays™ wher2 the connections are malde as a
function of the application, or the "standard cells” produced from a library
of precharacterised cells, should continue to develop. With the cloring of
IBM's PC's or its new PS's a number of firuws are offering ASIC'z in addition
to their amicroprocessors. Texas Instruments is itecelf offering, through its
Japanese subsidiary, an assembly of five integrated circuits for use in a
PC~AT.c...

3.2. Speed and facility in communications: opto~electronics and
standardisation

62, Apart from the fineness of the writing and etching of circuits, which
allows their miniaturisation, taere is also the problem of the concentraticn
of very many components on a very small space; on the oie hand this makes a
grester speed of reaction possible whilst on the other it leads, because of
the concentrated consumption of electricity, to too high a lcvel of dissipstes
heat. In this latter field the possibiliiies of zupercounductivity and its
properties discovered at temperatures which are moving steadly away from
absolute zero in a number of ceramics, fogether with the amnouncemsat in April
1987 by IBM Zurich of "a simple working micro-electric device with sprayed-on
ceramic superconductcr”, have led to the idea of a technical break-through in
the near future. In reality what is involved here is still laboratory work,
and major effective implications in electronics cannot be predicted cver the
next dczean years, Many other promising fields have been the subject of
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laboratory work over the last twenty years, such for example as the Josephson
functions: for the time being superconductors remain one of these fields.

63. The search for rapidity will therefore follow either the classical route
or routes other than superconductivity. For several years research on the
III-V compounds in the atomic table have predicted a wonderful future for
Gallium arsenide, GaAs, as a replacement for silicon. The fact is that this .
material allows greater rapidity (see Table I-7) but with a much lower density

of inegration. It would seem that this time GaAs will leave the field of
discrete components (of opto-electromics and high frequencies) to enter that

of digitised integrated circuits (in France Thomson Hybride et Micro-ondes has

opened a foundry department).

3.2.1. The search for technical combinations

64. It would seem in fact that there has been a further and more extensive
questioning of the distribution of relative performances according to the
categories of integrated circuits, and that the coming years will certainly
belong to the heterostructures.

Figure 1-7 : THE RELATIVE PERFORMANCES OF INTEGRATED CIRCUITS,
ACCORDING TO THE TECHNIQUE
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65, Until recently the integrated circuity, almost entirely built on a
silicon substrate, were subdivided into two main technical categories. The
pipolar circuits, the more rapid circuits wvhich are controlled by an electric
current, use more electricity and hence dissipate more heat than the MOS
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circuits (Metal Oxide Semiconductors) which are controlled by a voltage
applied to the gates (FET's or Field Effect Transistors) which are therefore
unipolar. Amongst the bipolar circuits the type most widely used is the TTL
(Transistor-Transistor Logic), whereas the ECL (Emitter Coupled Logic) and I2L
(Integrated Injection Logic) types are more integrated. In the M0OS group
there are the N-MOS and P-MOS types (according to whether the movenents of
electrons or holes are utilised) but it is now the CMOS (Complementary Metal
Oxide Semiconductors) which are by far the most widely used; special
applications have led to the production of S0S (Silicon On Sapphire) and CCD
(Charge~Coupled Device) circuits. More generally it has been found that the
CMOS are easier to produce, more suited to processing digital signals and they
have gradually gained in rapidity, approaching in this respect the performance
levels of the bipolar circuits whilst retaining their initial advantages; the
silicon bipolar circuits have been overtaken in terms of rapidity by the GaAs
circuits.

66. The MOS were utilised not only in the integrated circuits for information
processing but also gradually in power electronics where the tramnsistors are,
in particular, used as rectifiers (thyristors and silicon rectifier diodes) at
high powers. On the other hand one can now see the arrival of very rapid
bipolar transistors (such as Thomson's ETD) which should replace the MOS in a
number of situations. At the same time an increase in the power of the MOS
is forecast; models are announced for very kigh powers of several Megawatts
and, in particular, real integrated power circuits (bipolar or MOS) with logic
zones for the true sophisticated processing of information associated with the
application of power.

67. Another way of gaining in speed invclves, as has gradually been dome in
the case of integrated circuits in the past, not limiting the circuit to a
single layer but producong a multilayer or 3D integrated circuit in three

dimensions. These circuits make it possible to increase the effects of
miniaturisation by allowing miniaturised interconnections between two
superimposed sub-assemblies, so facilitating processing in parallel. The

first of these circuits came from the Japanese laboratories, for example an
image processing circuit from Mitsubishi in three layers interconnected by way
of vertical holes 1-2 microns in diameter and with connecting lengths of the
same size. On the upper layer is the image sensor, below that an analog-
digital converter associated with each point image and, in the lower layer,
the arithmetic and logic processing circuits, The existing circuit has a 5x5
pixels sensor with 11,000 active elements which sense, digitise and process
the image in parallel, This forms the prototype of a sub~assembly of a
500x500 pixels sensor which is under development. Amongst the technical
problems to be resolved before industrial production that of the super-
imposition of the layers musc obviously be emphasized. Mitsubishi form above
the usual layer, covered by an insulator, a 0.5-micron coat of monocrystalline
silicon obtained by the layer recrystallisation of polycrystalline silicon.
Toshiba use an electron beam sysem, From the evidence the Japanese 3D
programme, launched in 1983, should end in 1990 with the expected success;
this will certainly be less spectacular that that of the VLSI programme but,
associated with the plane integration densities of the period, it should
produce remarkable products in the nineties.

68. One of the logics providing an iwmpulse towards the development of these
3D circuits is the desire not to lose in the connections between various very
highly integrated components the advantages acquired through this very high
level of integration, It is this which calls for the circuits to be piled
one on another when side-by-side integration is not possible, and this will
continue: what is one to do when one has to build an architecture using
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highly diverse components? The optimal, but costly, solutioa is to
manuafacture on demand a specific integrated circuit, an ASIC (cf paragraph
61); apart from the cost it is possible that the magnitude of the application
does not allow it to be done at the level of integration achieved, either in
two dimensions or in three dimensions. The feasible solution is then the
hybrid circuit which is half-way between an integrated circuit and a printed
circuit, There are certainly standard hybrid circuits (amplifiers and
converters), but withia the logic of its development this circuit is ome which
should correspond to one application and so should be made-to-measure. With
an extremely reduced format and with a reliability comparable to that of the
integrated circuits they make it possible to fulfil a function which is in
general fulfilled by at least an entire assembly of components arranged on a
printed circuit board.

69. It is the coucept of hybrid circuits which is at the origin of the SMD or
Surface Mounted Device which can be used in all printed circuit operations and
facilitates the techniques of automatic insertion: this technique is likely
to become more widely used in the coming years. Cononecting the components in
circuits, in particular printed ones, poses the problem of the size of the
pins which are enormous when compared with the component itself, such as a
chip. These pins are inserted into holes, and it is then necessary to solder
connections which are as short as possible to the points of contact
established at the time of bonding. Most types of components are available
today and can be inserted concurrently on a same classical epoxide resin
printed circuit board. Because of the elasticity of the solder this will
hold, apart from extreme conditions, despite differing coefficients of
expansion of the components and the substrate. The complete technique uses
silk-screen processes for depositing the soldering paste, automatic machine
positioning of SMD components and their soldering by remelting. This
technique is likely to become largely dominant during the nineties.

70, Hybrid circuits operate at a much finer scale than printed circuits. It
is on the lines of this same logic that it is desired to fixed the chip itself
to the substrate, without its case, and making the necessary connections.
Conducting tracks and resistive tracks, with their values adjustable by laser,
are created on this substrate, in very thin films in the case of metallic
films formed by cathodic spraying or thick films with processes involving the
automated silk-screen printing of inks. The very extensive diffusion of
electronics into_innumerable potential industrial applications should take
place by way of a very considerable extension of the hybrid circuits technique
vwhich makes it possible, by a relatively inexpensive specific miniaturisaton,
to make this diffusion attractive and operational.

71. To complete the survey of these technical prospects linked with the
search for technical combinations one can emphasize the foreseeable progress
in the technique of the BiCMOS integrated circuits, that is to day the
development on the same substrate of integrated circuits calling on these two
techniques which, up until now, have been quite distinct. Figure 1-7
indicates the performance which can be achieved using this combination; it
may be added that the first family of circuits, launched by Texas Instrument
in 1988 and using this technique. was the occasion on which this firm
underlined its interest in regard to interface integrated circuits and hence
of connections between, for example, a microprocessor and its applications:
the whole cculd if necessary be on a single surface mounted printed circuit
board - or, perhaps tomorrow, a hybrid circuit, These biCMOS circuits
combine rapidity with the low consumption of electricity and dissipation of
heat but using many design features which can only refine them and ensure
their increasing importance in the nineties.
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3.2.2, Opto-electronics, a major contributory technique.

72. The search for rapid and easy links between systems which are more
complex than the components and relatively more distent, of such a kind that
one can use the term communication, is a search which, by its nature, follows
on from that described in the previous paragraph (3.2.1.), but it finds its
solution in recourse to a contributory technique, that of opto-electronics.
Whether the communication takes place over one wmetre or thousands of
kilometres, and if it is still a point-to-point communication, the technical
solution will, in a gradually dominant manner, be the use of fibre optics.
Local networks, intelligent professional premises (long before private houses)
are likely to be an industrial reality imn the nineties, developing very
greatly as a result of the use of the opto-electronic technique of fibre
optics since this technique is the only one which will permit the transfer of
information at speeds greater than 100 Mbits per second. In
telecommunications the satellite still remains of interest for communications
involving multiple points of arrival, such as television, teleconferencing and
private networks. By contrast in basic networks, such as the telephone or
the future ISDN, fibre optics have a not unimportant advantage. In 1985 the
BELL Laboratories demonstrated the possibility of transmitting ten multiplexed
signals, each of 2 Gbits (2 billion bits) per second over seventy kilometres.
This level of performance will continue to rise in a spectacular manner to
make the nineties the decade of fibre optics in respect of point-to-point
communicatior over a distance,

73. The particular problem which is posed in telecrumunications is that of
optical switching, Whilst switching units have been the subject of
experiments in laboratories they can only handle a very limited number of
channels and one can hardly envisage an operational optical switching system
before the year 2000, The same comment also applies to optical computers
which could, theoretically, te from a hundred to a thousand times faster th -
the highest performance machines now available. However whilst optica.
switching seems to be on the direct technological trajectory opti.cal computers
seem, by contrast, to be less on the direct line even if pofentially more
strategic from the industrial point of view.

74. 1f therefore certain dev<lopments are to be considered only in terms of a
distant future it is still the case that many opto-electronic components
(photons <--> electrons) were developed some time ago. Light-emitting diodes
(LED's) were developed by Texas Instruments in 1964 and continue to be used
extensively in display units but are also used, with lights of different
wavelengths, in systems for communication by fibre optics. The advanced
devices in the coming years will be integrated emission and reception
components., Japanese laboratories have succeeded in integrating a microlaser
and its control circuit on a surface area of 5x90 microns; these Japanese
developments are stimulated by their industrial position in compact discs or
laser printers which use semiconductor lasers (with a wavelength of 0.78
microns). This stimulation continues to be felt and the results for certain
types of components will, in their turn, stimulate the need to obtain results
for other components, and since this new research work does not seem to be
meeting any blockage it seems very likely that there will be major advances in

the performance and miniaturisation of opto-electronic components during the
nineties, In particular it should be noted that it is probable that all

fields of signalling, from automobile 1lights to publicity panels, and
including portable screens, will involve considerable development in the
techniques of these components,
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3.2.3. Standardisation: a constraint on communications

75. The gains which can be obtained from the age of electronics, as
compared with the situation in the age of steel, are linked to the rapidity
and efficacy of communications. This requires that the components control
their internal cowmunications rapidly, that cosmunication between the
coaponents in a system is rapid and that communication betvween systeas at
more or less of a distance are also rapid: at the same time it is
necessary that this communication is efficient, which wmeans that the
various communicating points speak the same language and possibly also
operate in the same manner. This is the field of standardisation.

76. The International Standardisation Organisation (IS0) is the
internationel body responsible for standards: it has developed the Open
Systeas Interconnection (0SI) model, which has seven layers, to facilitate
the interconnection of systems which thus become open. Since the
beginning of the eighties this model has met with considerable goodwill
from the major electronics construction firms in Europe, the United States
and Japan who wish to see information processing machines evolve in this
direction, that is to say to permit not only "interconmmection" but also
*interworking”.

77. 1In most of the specialised fields of communication the defining of
standards is in hand and this clearly marks out, to some extent, the
specific technical trajectories in these fields and thus facilitates
travelling along them. Technical progress, so very important in regard
to the development of all kinds of networks, and for which it will be
necessary to wait uantil the coming decade, is very closely linked to this
advance in standardisation, We will of necessity be returning to it in
subsequent paragraphs, looking here solely at an illustration of the
communicability between machines in a company. General Motors required
its suppliers of information processing equipment to make inter-functioning
and communication possible and convinced other major users of the need to
associate themselves with this objective. In this way the Manufacturing
Automation Protocols (MAP) were set up by a first group of users; other
groups were gradually established and provided pressure on standardisation.
It would seem likely that the nineties will lead to major progress in
regard to standardisation and hence to the possibilities of inter-

functioning between information processing machines.

3.3. Networks and knowledge

3.3.1. High-definition television

78. The nineties will see the culmination of the digitisation of mass

consumer electronics. This does not make it possible to predict the
appearance of entirely new appliances but rather superior performance and
new functionalities. The portability and handiness of 1living-room

appliances, the increased intelligence of all the existing appliances and
the extension of the electronics concept to all domestic electrical
appliances ("white goods"s, an indispensable prelude to the effective
appearance, after the year 2000, of the intelligent home and the coming-of-

age of home informatics ("domotique"”) providing for the generalised control
of all the domestic functions.
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79. Amongst all the products which have appeared in recent years we can
note certain expected but uncertain technical evolutions, for example the
competition between re-writable optical discs on the one hand and video
recorders and digital tape recorders on the other. Furthermore it :is
probable that personal office tools will make their entry into the home in
an appropriate form: wmicro-computers and laser printers, telephone
terminals linked to the development of the ISDN and more complete in their
functions than existing answering machines and the French Minitel. In
this field one may expect a proliferation of technically minor innovations
wvhich are guided by newly created market opportunities where marketinog
strategies will be determinant. Amongst such examples are digital
photography to be produced on paper by a printer.

8C. However the main event in mass consumer electronmics in the nineties
will be the arrival of high-definition television. This stands in the
front rank of installations of the age of electronics: there will be
certain television broadcasts able to reach nearly half of the inhabitants
of the planet by the year 2000, almost simultaneously (apart from some
time-zone lags). The Olympic Games at Seoul will be only a pale
reflection of what is likely be seen in the year 2000 as planetary cultural
rites. Such broadcasting at global level, will make increasing calls on
the satellites which will continue their techmnical development, whilst at
the same time it will be integrated in various national networks, either
ISDN (see below) or specific networks. Technically it will be associated
with cumerous other advances: major progress in integrated circuits, the
development of specific circuits for image processing (see paragrapg 67 on
3D circuits), for the coding-decoding and compression of signals and also
in the technical development of caweras and the transmission and receiving
systems, particularly antennas and screens. Furthermore many other
domestic appliances will need to be comnectable to the domestic television
set which will receive the high-definition broadcasts which could, for
example, offer a number of sound chanmels in various languages to go with
the same vision channel, Such aspects underlinc the considerable
magnitude of the challenges linked with this technical evolution which will
take place during the nineties.

8l. Again one of the wmajor problems to be resolved here is
standardisation: it is this which will ensure the global character of this
technical evolution and which will specify the technical trajectory along
which it will, as a consequence, be able to travel most rapidly. The CCIR
(International Consultative Committee on Radiocommunications) proposed
standards for digital television in 1982 in its Resolution 601, but must
now lay down the details on the concrete solutions put to it. At
Dubrovnik in 1986 the Japanese presented an already advanced solution
called MUSE (Multiple Sub-Nyquist Sampling Eancoding) for "Hi-Vision", the
commercial beginnings of which could take place in 1990. 1In fact the CCIR
has deferred its decision to the Plenary Meeting in May 1990 because of the
existence of the competitive European standard MAC (analog component
wmultiplexing). The Japanese system marks a cooplete break with existing
teievision systems and leads immediately to a high~definition television
which is already almost operational. The European system operates through
increasing compatibility: digitisation with improved definition, firstly
with images that traditional receivers could receive (from the end of 1988)
by using an adaptor, then extension of the quality of the image up to the
high~definition standard which should be the equivalent of 35am films and
then, in the case of the Europeans, ti.. move from D2-MAC to HD-MAC. The
Americans, at first ready to support the Japanese project, have now come
round to the European project, paricularly after the purchase of RCA/GE by
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the French Thomson company. Their transitory phase would be their owm, using
the ACTV (Advanced Compatible Television) system, making it possible to
advance from the existing American NTSC standard (which is also used in
Japan). The technico-industrial character of this evolution, the important
character of wvhich has been pointed out above, is closely linked with an
international legislatory decision and to its effective adoption by the
nations which will open profitable markets for the products developed
according to these technical standards.

3.3.2. Integrated Services Digital Networks (ISDN)

82. Technological advances in recent years in telecommunications have been
linked to their digitisation and based on the fact that the different types of
equipwment used have become information processing machines, certainly directed
towards specific applications and for which improvements in performance
depends on that of the integrated circuits, so allowing more rapid and easier
communication (cf 3.2. and 3.2.1.). This is obviously the result of the fact
that the electronics industry is an industry building coaplex systems from
contantly improved basic bricks. The major project of the nineties is that
of the installation of a network which carries not just speech, like the
existing telephone network, but also to carry data at high speed - to be
processed by computers - and generally all information, written texts, images
and sounds and even animated images with sound in the longer term.

83. Technical evolution, which is certain to take place in the nineties, will
be strictly configured by the directions indicated to it by industrialists and
the public authorities which will continue, despite movements towards
deregulation, to exercise considerable power over standardisation and the
defining of networks. Choices which will have implications on the techmical
trajectory followed will be made in the coming years: Imn Europe, within the
framework of the RACE programme, and in the United States between the various
operators, principally ATT, and the FCC, the Federal legislatory body, A
main choice involves the adoption or not of a project for a universal network
for the interactive circulation of infnrmation, analogous to the project for a
telephone network and to which any body, enterprise or household, established
or circulating in any part of the planet, could be connected. The
alternative would be the development by the side of an improved universal
telephone network of more advanced networks dedicated to certain applications
and which, not having a public service function, could be reserved for certain
actors either by means of specific locations or modes of access in real costs,
with the abandonning of the normal telecommunications requirements concerning
generalised tariff procedures (cf paragraph 45).

84. On the one side this major project, as a gigantic future market for the
manufacturers of equipment such as large exchanges, private exchanges or
terminals, or the basic bricks for them, still constitutes a technical myth.
The most pragmatic of the industrialists have translated che acronym ISDN
(Integrated Service Digital Network) into "I Still Don't kNow" what its all
about!

85. Firstly it should be noted that there is practically no existing
installation of a switched digitised network, and that the coming years will,
for most countries, be occupied with the progressive digitisation of the

existing telephone networks: the digitisation of transmission and the
digitisation of switching, essential conditions for the development of
existing networks, services and equipment,. Certain countries, such as

France, will continue to link the clascical telephone network to a digital
network for the transmission of data in packets, using concentrators. This
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weans the co-existence of two technical concepts: a universal analog network
for circuit switching and a digital network for packet switchinmg. The
European idea is to wmake these two concepts converge, users having only
limited access to the new potentialities as 1long as they remain analog
connected and/or analog switched to the digital network, The Japanese
approach, under the name Information Network System (INS), seems to be very
ambitious, but perhaps in the longer term apparently universal, but in fact
more enterprise orientated. The more pragmatic North-Americam approach
seems to be clearly directed towards the implementation of wnon-universal
networks which are dedicated to specific applications {the Wide Area Networks)
or intended for specific users with competition between numerous operators for
these VAN or Value Added Networks. In both cases enterprise users are
privileged.

86, In all cases telecommunications services with a wider band than those of
the existing telephone networks will be offered, during the nineties, ia a
gradually extended manner. The services offered will be initially of the
first generation ISDN type, for which initial international standardisation is
in hand. One still speaks of narrow band ISDN with channels handling 64
kbits/second. Thuis network, with relatively wide access, should be
established fairly rapidly in Europe; nevertheless by the year 2000 if will
constitute a basic characteristic and will therefore govern technical
developments in components and equipment.
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Table I-8 : INSTALLATTON OF A FIRST-GERERATION ISDN IN THE EUROPEAN COUNTRIES

untry 40% 402 Year of 50% availability

digitised digitised launch of for
transuission | switching ISDN professional usage

Belgium 1995 1995 1985 1996

Denmark 1990 1990 1989 -

France 1986 1990 1986 1988

Great Britain | 1990 1992 1985 1988

Greece 1995 1995 1995 -

Ireland 1990 1990 1988 -

Italy 1990 1990 1985 1995

Netherlands 1987 1995 1986 1995

Portugal ? ? 1995 -

Spain ? ? 1987 1993

West Germany | 1986 1990 1986 1989

Source : S. GRASSET "L'Europe du RNIS dans les annees 90", IDATE

Bulletin No.25, November 1986.
C. HAMELINK "Dealing with global networks, a descriptive
study™, Tilburg, 30/31 October 1986

After FAST 1I, Dossier No.5, "Les reseaux numeriques a integration de
service", August 1987.

87. This narrow band digital network does however constitute a considerable
development when compared with the existing possibilities. However it is not
144 kbits/second which is needed for the transmission of high-definition
colour television images but 144 Mbits/second, a thousand times greater than
this. It will certainly not be until after the year 2000 that it will be
possible to install the future wide band digital network which is beginning to
be called in Europe the Integrated Broadband Communication Network or IBCN
within the framework of the European RACE project.
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Figure 1-9 : EVOLUTION OF INTEGRATED SERVICES DIGITAL NETWORKS

Type de Situation Situation future
transmission acuelle moyen terme long terme

1) Communication de documents  Point  point poste |

diffusion presse

ISDN

2) Audio-communication point A point téiéphone |- IBCN
3) Vidéo-communication point 3 point - transmission d’image

diffusion télévision +

Dans le cas du RNIS, ks services offerts regrouperaient la téléphonie usuclle, la télécopie, le télétex,
le vidéotexte, la communication entre ordinateurs, la connexion de terminaux, la transmission
d'images, I'audio-conférence, le traitement de message, la téléaction, la vidéo-téléphonie (premidre
génération) plus une série de services supplémentaires. Par ailleurs, e GAP a identifié 3 types de
services qui pouraient justifier le développement de réseaux 3 large bande : - les services vidéo-
interactifs (vidéo-conférence, vidéo-réunion, vidéo-téléphonic), - les services combinant de 1a pure
distribution & F'accds 3 des banques de données (audio ou vidéo-librairies), - et les services de
transmission de données 2 grande vitesse.

Source : J. SEETZEN et alii, Verminelte breitbandkommunikation - Technik, nutzung, wirtschafilichkeir, Heinrich-
Hertz-Institut fir Nachsichtentechnik, Berlin, 1986 ; propositions du “Groupe d’Analysc et de Prévision”,
(GAP) pour lintroduction coordonnée du Réseau Numérique 3 Intégration des Services dans la
communauté ; Bruxelles, $ juin 1985 ; Proposals by the “Analysis and Forecasting Group (GAP) for the
coordinated introduction of droadband Services in the community ; Brussels ; october 16, 1986.

Source : FAST II, Synthése des résultats, sous programme communication, First Draft, jaovier 1988.
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88. This very long-tera perspective does however lead to questioning certain
possible choices in respect of the first generation ISDN for which not all the
standards have been established. One may therefore see the discussions being
held on standardisation influence the technical evolutions imn regard to
svitching to a not inconsiderable extent during the nineties. It is not
possible to eunvisage all the technico-industrial problems which are still in
suspense; we will merely look here at one of the important questions for
techuical evolution. The decisions will be taken within the framework of the
CCITT (International Telegraph and Telephone Consultative Committee) which,
for the time being, has defined only two types of access, a basic access at
144 kbits/s (2B+D) and a primary access (30B+D) of 2048 Mbits/s and has
provided for five interfaces (R,S,T,U and V) which have still to be
standardised.

89. The ISDN is based on the standardisation of speech at 64 kbits/second
with transmission by synchronous real-time multiplexing (cf paragraph 44).
The development of signal compression techniques means that today less than 16
kbits/s will be sufficient for the transmission of digitised speech: the
remaining 48 kbits/s represent over-provision and wastage. More or less
everywhere in the world data transmission has developed on specialised
networks in the packet mode with the well-established global X25 protocol.
The present ISDN projects abandon these acquired advantages and the typical
connection of a data transmission terminal blocks the use of "the line", even
if its use is intermittent and with the necessary transmission rates well
below the available capacity.... The ISDN should operate in effect in the
circuit mode and not in the packet mode. Cerainly for bidirectionality, and
especially for speech, the real-time constraint has to be maintained; however

there is merit in making it flexible. Two technical trajectories are
proposed today. The North Americans, with ATT, envisage Fast Packet

Switching (FPS) in the case of Wide Band Packet Technology (WBPT). This
involves the supression of the strictly synchronous character of the network
of circuits with real-time switching by considering that the time interval
allocated in the raster to a speech communication constitutes a kind of
"packet” which can be shifted in the raster - or sometimes disappear if there
are "blanks” - allocating it an explicit address for transmitting it under
conditions which maintain the illusion of real-time, given the poor
capabilities of our own audio-oral organs. Table I-10 shows the technical
choices to be made in the nineties in regard to the necessary amendments to
the proposed ISDN and the coming generations of switching exchanges.
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Figure I-10 : NECESSARY DEVELOPMENTS IN SWITCHING TECHNIQUES :
AMENDMENT TO THE ISDN

SYSTEME ROTATIF

L LECTROMECANIQUE
: CROSS-3AR

o

SPATIALE
L sYNGHRONE
COMMUTATION ~—}- ELECTRONIQUE CIRCUITS TEMPOREULE ..o
9 | Asmanmone I
— PAQUETS wer ! s
J

Notes: WBPT : Wide Band Packet Technology
FPS :Fast Packet Switching

Source : D’aprds Y. GASSOT, IDATE, Telecoms Magazine , 0® 10, Dec. 1987-janvier 1988, p. 18.

3.3.3. Software and artificial intelligence

90. Every information processing machine uses an operating software which
ensures that the machine functions, and also uses applications software which
means that the functioning of the machine can be utilised for specific
purposes. All progress in the hardware must be accompanied by progress in
the software, both the operating and applications types. Part of the
operating software for the systems is integrated into the hardware as firmware
or applications software programs which can be used without any special
knowledge and which facilitate the use of the hardware for processing
information: in the case of typical applications these are termed dedicated
. programs, Until recently the techniques for writing the software had not
developed greatly and remained essentially new, whereas there had been
considerable developments in the hardware; this required the writing of
increasingly long software programs with several tens of thousands of lines,
The technical progress expected in the nineties, as described above, therefore
demands progress in the software which is also reflected in the increasing
length of the programs which have to be written, Many feel that this means
that we have entered a period where software has become the critical point in
the development of information processing machines.
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91. This iwportance of software is reflected in the number of computer
scientists who have to be devoted to software development. Hardware
manufacturing enterprises must have them for the operating system; however in
the case of applications software only a minimum number of staff may be
needed, allowing other firms to grasp this opportunity. In certain cases,
that of dedicated hardvare, all the software has to be designed by the
manufacturer, for example in the design of a switching exchange. Thus in the
networks division of the BELL Laboratories of AIT wmore than 40X of the
technical personnel are engaged on software development, This trend is
likely to increase in the coming years and to become more widespread: more
than 60X of working time in the production of electromics goods should be
spent on the software.

92. Such a trend will lead to progress, probably in software engineering and
the appearance of what are termed CASE (Computer Aided Software Engineering)
tools. This means that software writing is no longer to be considered as an
art with numerous clever devices but a task which should be structured in an
extremely methodical manner so that a number of phases can be automated. We
are starting to see the appearance of softwares which, starting from an
ordinogram, are capable of writing a program in FORTRAN or ADA. One is also
likely to see the development of tools providing aid to analysis and
structured design, together with automatic code generators. The advantage of
these techniques is also that they facilitate the maintenance of software
since they retain "in their momory" the precise wmanner in which they were
vritten. In a similar way this will facilitate their transfer to other
hardwvare with different characteristics.,

93. This continuity in the utilisation of applications programs, when the
hardware changes, has become a considerable constraint, in particular in
informatics. Informatics hardware is not dedicated but universal, and users
have, thirty years after the appearance of informatics, a considerable and
continually accumulating investment in applications programs which the new
generations of machines have to accept. This, coupled with the objective of
the possibility of communication between different systems (cf 3.2.3) , has
led the major manufacturers to try to defime together their next operating
system. Faced with the past domination of IBM a coalition was formed to
adopt UNIX, a system developed in 1969 by ATT and which had been improved in
the American universities and then marketed in 1983 by ATT under the nzme UNIX
System V. Its qualities led to its being widely adopted, and even IBM
produced machines working under this system. . However the chance operation of
economic and industrial strategies led ATT to make an agreement in October
1987 with a dynamic work station manufacturer (SUN) for the development of a
nevw version of UNIX without consulting its partners. Some of these joined
in (the Americans UNYSIS and XEROX and the British ICL) whilst others reacted
by creating in May 1988 the Open Software Foundation (OSF) in which other
major European and American manufacturers participated, including IBM (but no
Japanese, so far). The declared objective is to develop the next joint
operating system, which will be transferrable. It is obviously difficult to
predict the path of the delicate relationships between the various
manufacturers; however it is probable that, under the pressure from users, an
open system will finally emerge.
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95. Software evolution will also iavolve the wultiplication of the expert
systems which form the special field ¢f what has been termed artificial
intelligence. This involves establishing within a given field a database of
knowledge which is that of the expert, or of all the human experts in this
field, and to develop a software capable of handling from this database any
problem in this field, in the same vay as an expert would do it. The first
systems were¢ written in the seventies and were particularly developed as an
aid to the dlagnosis of certain medical problems. Up to the present time
they have been written in LISP (List Processing) or derived languages. The
new generation of computers - the project for a fifth generaticn launched by
the Japanese in 1981 - depends on using the Prolog (Programming in Logic)
developed by a French engineer and this, from a certain point of view,
constitutes an attempt to develop a universal expert machinme. It is not very
probable that general results will be obtained during the nineties, By
contrast artificial intelligence should show considerable progress in a number
of specialised fields as a result of softwvare research, of work on
establishing databases of knowledge and &lso of progress in the hardware.
Apart frrom a larger number of expert systeas the development of highly

simplified modes of utilising information processing machines, the advances in
the recognition of relative situations and forms in space and also in the
linguistic syntax of sounds will form some of the points for technical
evolution in the coming years. Figure I-11 summarises the forecasts made by
a Japanese body belonging to the MITI.
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Figure I-12 : COMPUTERS ARD INFORMATION PROCESSING:
CHEAPER, FASTER AND SMALLER
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4, EVOLUTION OF PRODUCTION CONDITIONS

4.1, The general charactcrs of a multi-intensive dynawic

4.1.1,. Righly dynamic conditions

95. Whatever the product of electronics construction the fact that it
belongs to the same technico-industrial complex is reflected by the same type

of evolution in its production conditions.

96. This is principally marked by the relatively rapid and extensive

renewval of the characteristics of the product which has to fulfil the same
function or to render the same service, but with clearly superior performance

and at a cost which is lower in absolute terms. Information processing
machines must always be less expensive, smaller and faster. Figure I-12
shows this evolution at more or 1less constant annual rates for general
computers since 1971 (and the IBM 370), the superminis since 1977 (VAX) and
the supermicros since the IBM-PC.

Nowes: 1. MIPS—mmilkon instructions per second
Sowrce: imemesonsl Trade Adrmeniswanon.

2. Single processor modeis only 3 CPU—central processor une

Soyrce : U.S. Industrial Outlook, 1987, p. 28-3.

97. In more concrete terms one may note that prices are falling in absolute

terms with improved performance for most products of generalised distribution.
This is particularly the case in micro-informatics: for example between 1981
and 1985, that is to say between its launch and the sale of the millionth
unit, the IBM~PC has undergone several official price redu-tions for the basic
model, combined or not with improvements. From US§ 5455 at the time of its
launching in August 1981 the price fell to US$ 4745 in May 1982 with a double-
sided floppy disk drive, The price was then reduced in July 1982 to US$ 4175
and again in the August to US$ 3940 with an expansion of the central memory.
The latter was again expanded in March 1983 with a new price reduction to US$
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3339. By June 1984 the price of this improved version had fallen to US$
2580, less than half the launch price. THis price was to be maintained up to
March 1985 (Business Week, 25/3/1985).

98. In the case of products which do not have large sales figures it is the
price in absolute terms of the basic service provided which has fallen
spectacularly. In large system informatics this may be illustrated by the
price per million instructions per secoad (MIPS). Table I-13 shows this
significant decrease for different models in the IBM large computers range.

Table I-13 : MILLIONS INSTRUCTIONS PER SECOND (MIPS) PERFORMED BY VARIOUS
MODELS OF IBM COMPUTERS DELIVERED BETWEEN 1965 AND 1987

1 model I  Yeac of delivery | MIPS I US dollars/mIpPs |
1 -1 i | !
) 3¢0/50 I 1965 1 0.2 [} 7 018 000 |
} 3707155 ) 1971 | 0.6 ) 2 667 000 |
t 370/158 I 1973 t 6.9 ] 1 625 000 i
} 370/158-3 i 1976 i 1.0 I 1 684 000 |
1 3031 I 1978 1 1.1 4 909 000 |
| 303354 ! 1981 t 2.4 ] 492 GO0 i
1 3083-5 I 1983 1 4.0 I 354 Q000 ]
| 3083-Cx0 1 1985 ] 3.2 H 277 ouo |
I 3090-200 k 1965 t 2:3.9 ] 182 000 |
} 3090-400 H 1987 } 50.0 i 189 oGO |

Source : The Telccommunication Industry - Growth and structural change, E.C.E.-United Nations, New-
York, 1987, 292 pages, p. 35.

99, This can also be illustrated in many other fields, for example by the
cost of telecommunications satellites, In the case of Intelsat Figure 1-14

shows how the unit cost in absolute terms has changed in the inverse way to
general consumer prices.
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Figure I-14 : INTELSAT'S ANNUAL CHARGES, 1965-1984
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100. This is evidently linked to developments in the launchers, but also
directly to the satellites themselves. Intelsat I, launched in 1965, had a
working life of a year and a half, weighed 13 kg and could handle 480
telephone channels (bandwidth S0 MHz). Progress in launchers made it
possible to launch Intelsat VI in 1936; this was 61 times heavier at 800 kg.
Its predicted life was ten years - responsibility for progress cannot be
entirely attcibuted to space techmiques ~ and capable of handling 80,000
channels with a bandwidth of 3.5 GHz, more than 160 times more channels than
in 1965. As everywhere evolution in the performance and price of components
is reflected in that of the systems. This evolution in the components should
continue to follow the same trend, so that it may be considered that systems
will continue to follow the same trend. This is shown by ail the forecast
calculations, such as those for this same communications satellites sector.
Table I-15 confirms this for us.

Table I-15 : SATELLITE COMMUNICATION COSTS, 1983-2000
(1983 US DOLLARS, HALF CIRCUIT PER YEAR)

i [} INTELSAT | Earth ) |
i Yeac 1 lease H seyment | Total cust )
! 1 chacge ] cost ) [}
] 4 | e g e e 1
I 1983 1 4 680 1 8 Q0 i 13 s20 1
1 1384 I 4 230 I 8170 | 11 So0 |
! 1985 | 4 000 | 7 400 I 11 400 ]
i 1986 | 3 650 } 6 830 | 10 180 i
i 1987 I 3 240 H 6 170 ! 3 4to }
i 1988 i 2 650 ] 5 790 | 3 430 1
| 1989 | 2 21 [ S 250 ) 7 380 I
l 199¢ |} 193 i 4 800 ! 6 730 ]
1 1991 | 1 630 i 4 370 I 6 050 i
i 1992 I 1 4% i 4 60D i 5 450 ]
] 199) ] L 259 ! 3 100 | 4 950 1
) 1994 ) 1 070 ] 313w } 4 4¢9 i
| 1995 I Y10 I 3 100 | 4 010 H
| 1996 } 770 1 2 870 I 3 bs40 1
! 1997 I 660 } 2 640 ] 3 300 ]
1 1998 ) 560 | 2 430 | 2 I I
| 1999 | 480 | 2 240 [ 2720 )
| 2000 | 410 | 2 050 I 2 460 '

Source : The Telecommunication Industry, 1987, op. cit., p. 37.

101. More generally in the telecommunications industry the element
comparable to the evolution in the cost of one million instructions per second
in informatics is that of the evolution of the price of one telephone call.
For example in 1983 £ sterling the cost of one call between the United Kingdom
and the United States fell from £69 in 1930 to £29 in 1948, to £9 in 1967, to
£3.85 in 1976 and finally to £1.63 in 1983 (The Telecommunication Industry,
op. cit., p. 40). The use of electronics techniques should reduce costs even
further, but perhaps for improved services provided. For example the
technical prospects of ISDN and the use of fibre optics are only of interest
in reducing costs per channel at rates in excess of 34 Mbits/second, This is
underlined by Figure I-16.
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Figure I-16 : COMPARISON OF THE COSTS OF OPTICAL-FIBRE SYSTEMS AND
COPPER SYSTEMS FOR NEW CABLES
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Source : The Telecommunication Industry, op. cit., p. 39.

102, Inasfar as the industry appears to be an assembly industry, where
performance and prices improve because of progress in components, it might be
thought that production coulditions are of extreme interest since they
certainly ensure outli:ls which, because of this progress, are rapidly
increasing. This apparent facility masks the multi-intensive character of

groduction.

4.,1.2, But with difficulties linked to the multi-intensive character of
production

103. The intensity of technical progress requires constant alertness if one
is to be able to profit from the advantages of the greatest possible
integration of the components and to envisage those suited to the specific
needs of the various applications and which it is necessary to combine to form
any electronics product, that is to say any given machine or any given system
for the transmission and processing of information. This situation gives an
advantage to_producers who are very near the component manufacturers, at the

sasne time that the componenis increasingly become systems, as is shown by
Figure 1-17,
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Soyrce : Japan Electronic Almanac, 1987, DEMPA, p. 205.

104. This reuson has encouraged many firms to integrate vertically. This
is fairly general with the major informatics firms which have bezome producers
of components for their own use, such as IBM which will be the largest
producer in the world for semiconductors, Similarly the Japanese, producers
and sellers on the integrated circuits market, have an advantage over their
American competitors in that they are vertically integrated.

105. More generally the convergence of those branches which were relatively
distinct in the past, such as informatics, telecommunications and mass
consumer products, obliges producers in one particular segment to find ways
of maintaining close contact with those in other seguents and with component
manufacturers, so that they do not lose any opportunities and become
outdistanced, cince rapid tecbnical evolution is a race in which many
competitors who vigorously dispute the market opportunities are engaged,.

106, The high intensity of Research and Development becomes of increasing
ccnsequence as the components become systems (ctf Figure I-17 above). When
one has 32-bit micro-controllers with 25,000 lines of codes and 1 Megabit
memories it is in order to develop an application which corresponds to a
software program which is capable of solving a problem of considerable
complexity. All these new product-systems which it is possible to develop
generally require very long periods of research and development, for which
highly qualified staff is required. To design an integrated circuit it is
hoped that the progress in informatics aids will make it possible to achieve a
capacity of 1000 transistors per day and per designer in five years time,
That is to say that, for any entirely new circuit, a team of several persons
will have to work for three or four years, The development costs of complex
systems which make it necessary to invent several circuits, the way in which
they are to be combined and the overall architectures, have arrived at
considerable levels. At the beginning of the sixties IBM launched its IBM
360 wih R & D costs of US$ 400 million. Each of the large digital public
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telephone exchanges has required, on average, US$ 750m. The costs to be
accepted for the next generation are such that all the experts (cf DANG NGUYEN
G., 1987, p.4) predict that the markets will only allow 2 small number of the
existing constructors to recover these costs so that either a reduction in
numbers or a major regrouping (or shakeout) of telephone _exchange
aanufacturers is to be expected.

107. The high intensity of qualificatiisns of the workforce does not arise
solely from the increasing importance of R & D but also from the
disappearance, in the production phase of electronics construction, of the
assembly and cabling tasks which were traditionally important in this type of
"construction" industry. What was called in the past "cabled logic” has
become "integrated logic" and the electronics of cabling and even micro-
cabling, of the soldering iron or even the soldering of gold wires under a
binocular microscope, has disappeared or is on the way to dis:.ppearing. For
example the SMD (Surface Mounted Devices) techniques (cf paragraph 69)
inevitably lead to the automated production of printed circuit boards. The
need for increasingly skilled staff is being felt not only because it is
necessary to develop the software with the hardware but also because the
production of the hardware is tending to be automated and so considerably
reduces the need for physical tasks. Table I-18 shows how the type of jobs
offered by Siemens, which is a major electrical and electronics enterprise,
has altered: most of the enterprises concernad exclusiveiy with electronics
generally have engineers in 50% of their jobs whilst semi-skilled workers
rarely account for more than 10% of the jobs.

Table I-18 : EMPLOYMENT AND ITS STRUCTURE AT SIEMENS (GERMANY)

1972 1982

White-collar staff 167 20%
Engineers and technicians 25% 302
Skilled workers 20% 20%
Semi-skilled workers 392 30%
TOTALS 198,400 169,800

108. Such costs obviously require, as a general rule and for "advanced"
products, that an appreciable share of the world market is available; apart
from the high fixed costs of the automated equipment this implies high capital
investments to install the necessary production capacities and efficient
distribution networks. For this reason the electronics industries have
mostly become capital-intensive. As can be seen from Table I-19 there are
nevertheless fields where production lags behind technical advances and where,
as a consequence, the necessary capital investments, irtended perhaps for a
protected market, can remain mocest because of the nature of the less
sophisticated plant needed and the size of the market to be supplied.
Furthermore the original specifications of the products may define a niche,
that is to say a restricted global market within which relatively low capital
investmerts would make it possible to obtain a significant shere,
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Table I-19 : TECHNICAL AND INVESTMENT LEVELS IN SOME PRODUCTS
OF THE ELECTRONICS INDUSTRY

Level of
Sector Examples of products technology Investmen
Design Mm!lhe
wring |
Advanced Advanced semiconductors, computers, | High High $100 M and sbove
Design Intensive Minisupermicro computers, software, High Medium/Low | $5-25 M
equipment.
Medium Technology | Color Televisions, video catsene Low/Medium | LowMedium | $5-50 M
Low Technology Black end white televisions, passive Low Low $1-20 M
components, simpler semiconductor
devices.

Source : Ashoka Mody, The development of information industries, 1987, confcrence at Brooking
Institution on “Technology and government policy in telecommunications and computer™, p. 10.

4.1.3, Copying to avoid the difficulties

109. However there still remains, despite this multi-intensive character of
the dynamic of production conditions in electronics, the possibility in a not
unimportant number of cases of avoiding the need for considerable R & D
expenditure, of vertical integration, of the high intensity of software and of
massive capital investments. This possibility consists of swimming in the
vake of a large fish in some way.

110. In the information processing industry this was the policy, adopted in
1976 by AMDHAL, of manufacturing large computers which were compatible with
IBM models, that is to say they were slightly less expensive and slightly more
powerful copies of the IBM computers. IBM compatibility had been brought to
an exceptional level after the IBM~PC came out in 1981. This time it was a
much simpler machine. In the original configuration it consisted of three
boards on a BUS from a microprocessor available from. the Intel catalogue and
an operating system, derived from the MS-DPOS sold by Microsoft, a Japanese
keyboard, a floppy disk drive from Singapore, etc. Clones of the IBM-PC
proliferated, for the basic versions and also for the PC-XT and the PC-AT.
The software compatibility made it possible to run all the softwares written
for IPM, and in particular all the relatively inexpensive applications
programs written by service companies, whilst the hardware compatibility made
it possible to introduce various expansions intended for the original IBM-PC.
Whilst there remained some distinguishing features - apart from aesthetics -~
these were very few in the case of many of the compatibles, coming down in the
case of some of them to very minor details of architecture. It was a matter
therefore of constructing a copy which was almost identical to one model of an
information processing machine. This is obviously an easy situation for the
copier: no need to recoup the same Research and Development costs, no need to
gamble on the creation of a market. The leader establishes this market and,
to the extent that the assembling is simple and the constituent parts
availatle on the intermediste markets, the copier can offer very tempting
prices. In the case of the IBM-PC there were many cases where the copier
offered nothing more, whilst in other cases the versions offered were at the
same time compatible and superior but at a lower price, The very large
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number of these machines sold - several millions - and the multiplications of
the applications software, also sold on a very large scale, created a de facto
stendard which left the non-compatibles (apart from APPLE and its MacIntosh
whc however offered an optional rapprochement) outside a very rapid dynamic of
growth.

111. This standardisation of what it is nececsary to make and to sell, often
linked to some specific components or softwares, obviously poses the question
of copyright. Since the beginning of the eighties most countries attempt to
protect their software from being copied, in particular the software which is
written on silicon, that is to say when an integrated circuit, a memory or a
microprocessor is designed. This is not easy, and some difficult 1legal
actions have been heard or are still in the courts. 1IBM accused the Japanese
Hitachi and Fujitsu companies of spying when they attempted to find out in
advance the characteristics of its new range so that they could prepare cheir
future compatibles as rapidly as possible.... 1Intel accused the Japanese NEC
firm of copying its circuits, whilst in their turn Japanese companies such as
Hitachi have accused the Korean Samsung firm of copying their integrated
circuits.

112, To avoid the difficulties linkad wih the multi-intensive character of
the dynamic of evolution of the conditions of production of electronics is
therefore not all that obvious, in particular when it may be done at the cost
of infringing the law, On the other hand producers may be led to do
something fairly similar by agreement with the original producer of the
equipment by way of the so-called Original Equipment Manufacturer (OEM) system
in information processing and for other types nf machines, or agair by the so-
called second source system in the case of semiconductors. In semiconductors
most of the original American manufacturers have adopted the custom of signing
agreement with other firms, generally Europecn, so as to supply a vaster
market andi to supply their clients, without too wmuch d:lay, when the cyclic
demand is at & high point.

113. Ti.?se general production conditions, which are fouad in a more or less
marked manner for the wvarious products of the electronics industry, are
evidently supplemented in the case of each of them by special characteristics,
We will examime inteprated circuits, memories and television receivers in
rather greater detail.

4,2, The case of integrated circuits - memories

114. The semiconductors industry thus offers the basic bricks necessary for
the whole of the electronics industry snd its operation consequently has a
certain impact on the whole of this industry, the place of which is becoming
very important in respect of all other industries. It is in this sense that
this industry can be regarded as strategic. 1In this sub-group of electronic
products one finds .n already large number of actors, We identified 73 for
1984 (cf J.L. PERRAULT, 1985, p.8), selling their production on the world
scene, One original characteristic can be noted impediately: the largest
world producer cf sc¢miconductors does not offer its production on the market,
By its in-house produztion IBM in effact covers a not unimportant part of its
needs; these are obviously difficult to quantify accurately but they can be
evaluated as in the region cf US$ 2 billion to 3 billion. For example in
1985, according to the Integrated Circuit Engineering Corporation, out of a
total North Amerizan production of integrated circuits, evaluated at ncarly
US$ 14b overall, it is necessary to count on a captive production of US$ 4.7b,
or pracrically a third, Clearly what th- analyst can really observe on this
market are the merchant-producers.
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115. The averagely concentrated structure of the merchant-producers shows a
kind of "directing group" of about ten manufacturers which defines the
situation in the industry. This is not to be understood as being a stable
state, such as the oligopcly as we are accustomed to see it, with great price
rigidity together with various trading conditioms. However this directing
group operates rather like anm implicit cartel or a collusive oligopoly which
seeks to maintain the domination of the directing group on the situation of
the industry. This situation evolves very rapidly. What the directing
group has to master is, firstly and in regard to prices, an_ "optimal
trajectory" for decressing prices and secondly to combine this decrease with
the ongoing renewal of the technical characteristics of the product and the
processes of its production. In order to specify the movement of evolution
vhich the directing group attempts to guide and to master in order to maintain
its domination: this may be illustrated by an example, that of the memories,
which permit the electronic storage of all information put into the form of
bits, the new universal alphabet.

116. This institutes a kind of "curve of global apprenticeship” which links,
in a more or less perfect manner, the price per bit of memory in Dollars with
the cumulative world production in bits, as may be seen from figure I-20.
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THE CURVE OF APPRENTICESHIP PER MEMORY-BITS

Figure I-20
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117. This evolution in the bit price of memories has repercussions on the

prices of

all the products of the electronics construction industry. This

has been shown by the EIAJ, the Electronic Industries Association of Japan,
from which the following figure is taken.

Figure I-21 : EVOLUTION OF PRICES PER MEMORY-BITS
AND OF ELECTRONICS PRODUCTS

¥10 miltion_
($45.500)

¥ 1 million
($4.550)

¥ 100,000
($455)

ELECTRONICS PRODUCT PRICE

¥10,000
($45)

The per bit DRAM prices were calculated by NIRI. Product prices are based on manufacturers’
suggested retail prices.

@ Desktop 64 KB memory 8-bit PCs
A Japanese word processors (non-portable)
@ Ordinary VCRs
N (O cCakuiators
)\ O Digital watches
N o 14" color TV sets
N

% e ~ .
‘E]DD [0 ) ¥ 1,000 ($4.55)
a ~ O

1Mera

¥1 vO0.1 ¥0.01 ¥0.001
(1975) (1980) (1985) (1990)
PER BIT DRAM PRICE

Changes in Per Bit DRAM Prices and Electronics Product Prices

Source :

EIAJ Report, 1986




-85 -

113. The falling trend in DRAM prices is linked with developments in their
density of integration of the quantity of bits stored on the same chip (16k,
64k, 256k, 1M, etc.); this doubles about every 18 months. We should add
that all categories of integrated circuits, and not only the DRAM memories,
have a very short life and renewal cycle, as may be seen from Figure I1-22,
During each of these short cycles the price establishment process evolves.
In each category of circuits the prices are initially very high, then sales
are made at prices which anticipate the considerable internal scale economies:
at this stage the prices become lower than those of the previous generation
and so stimulate demand by the falling costs, whereas previously it was the
prospect of technological improvement which had diverted part of the demand
from the previous generation to the new generation. Finally the prices are
fixed in a manner which is more in accordance with the state of the market,
and finally the prices become stable with technological obsolescence.

Figure I-22 : PRODUCT CYCLES IN INTEGRATED CIRCUITS

1986 IC Life Cycles

High intoductory | Heaviest priang
pnce followed by~ pressure

2 rpid decline |
Famlly |
lnlrocvchon[ Growth TMnurlxy ]Salun!lonloeclme(cbsolou}
! {m ORAM 256K DRAM 64K DRAM & 16K DRAM 4K DRAM
RAMS

256K SRAM | 64K SRAM | 16K SRAM | ek sRam | 1k SRAM
64K EC_ SRAM 16K ECL SRAM 4K ECL SRAM 1K ECL SRAM

IMAOM 256K ROM | 64k ROM | 16x ROM | 4K ROM
4MROM  [S12K ROM 1 128K ROM | 32K ROM
64X PROM 132X PROM | 16K PROM 8K PROM | 4 prOM

1M EPROM (128K EPROM .
AOMs 225 EPROw 04K EPROM 32K EPROM ¢ :Keggggu

64K EEPROM | 16K EEPROM 4K EEPROM 1X EEPROM
32K EEPROM l |

4-bis MPU

MPUs

32-54 MPU 1w(uPu sbit MPU :
{uru EEPROM’

DSP‘ single ch-p' DSP chip ul

Logic EPALS ASTL LSTL ST m
EEPALs ALSTTL | CMOS togc |

! '
Monolthic NDI Hybrid AD
Monolihic DVA | Hybnd OVA
Lneas C**DS op unpl BIFET op amp
S-mchmg vdugol
| regutator ununml'
1K SRAM | $S1, MS! ogc
aAs
6 { Gate amays 'MMIC I

‘OSSP  egnal signe! processor

8ipolas op amp

|
|
I
i
|
I

Source : After ICE Corporation and Semiconductor International, April 1986




- 86 -

119. Production and sales increase to a considerable extent f£from one
generation to the next, obviously corresponding to the considerable global
increase in electronics as already mentioned. Whilst some 1 million memories
(DRAM) were sold at the beginning of the seventies by 1985 this figure was of
the order of 1 billion. The cycles of sales from one generation to another
thus rise in a kind of staircase for the various types of integrated circuits,
as is shown by Figure I-23 for DRAM memories.
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Figure I-23 : EVOLUTION IN DELIVERIES OF DRAM MEMORIES
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120. From gemeration to generation the costs of Research and Development and
the time needed for it have iuncreased greatly. Whilst the manufacturers hope
to offset the rise in the time needed by having recourse to design assistaunce
tools, it is however not possible to envisage reducing the costs. In 1987
National Semiconductor indicated the following orders of magnitude for the
development of memories : one year and US§S 2m for the first lk memories; two
years and US$ 10m for the 16k memories and three years and US$ 100m for the 1
Megabit memories. In all the so-called high-technology industries the
semiconductors industry is the one where the ratios of expenditure to turnover
or to profits are the highest, and are increasing, as may be seen from the
following table relating to the United States :

RESEARCH AND DEVELOPMENT
expenditure as a ratio of

turnover profits
1978 1981 1978 | 1981 |
Medium
High technology 4.0% nd 65.4% nd
Aerospace 3.7% 4.8% 93.0% 141.8%
Semiconductors 5.82 7.12 102.3%2 174.0%

Source: After Electromics, 17.1.1980, p.83, quoted by D. ERNST in The global
race in micro-electronics, Campus Verlag 1984, p.65,
and Business Week, 5.7.1982

Taken over all the producers of seniconductors the R & D effort today
represents about 10X of the turnover. Ir. the case of the manufacturers
producing the most complex products, such as microprocessors where the desire
is to advance rapidly in the technology, the percentage may be even higher.

121. Manufacturing costs also rise very considerably from one generation to
the next, if only for the reason that the increasingly costly equipment has to
be amortised over an extremely short period. Amongst these manufacturing
costs it is the lithography (cf paragrapk 56) which alone accounts for a very
considerable proportion: 40% to 45% according to experts such as M, BOREL,
the head of technological research on integrated circuits at Thomson
(Electronique Hebdo, No.44, October 1987, p.58). The price of this equipment
tends to rise, logically, with the increasingly high optical and mechanical
precision demanded from it. This is shown in Table I-24; the price of the
equipment has been multiplied by ten whilst production has fallen.

Table 1-24 : EVOLUTION IN LITHOGRAPRY EQUIPMENT

Lithography equipment Year of Average Production,

development cost, USSk vafers/hour
Proximity printing 1972 25-125 100
Projection printing 1973 250-750 50-8C
Stepper 1976 350-1000 15-40
X-ray 1982 500 50
Electron beam 1983 1000-3000 5-15

Source © After P. DELMAS, The Cow-Boy and the Samourai,

Ministry of External Relations, Paris, 1984, p.81
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122, 1In order to maintain his position amongst those who set the pace for
the industry every producer must therefore make major capital investments in
plant whilst wmaintaining contact with the state of the art in technological
matters. This assumes the regular re-investment of considerable sums in
production which will increase from generation to geaeration of products. In
1984 the joint production of semicorductors in Japan and the United States
could be evaluated at US$ 28.7 billion, whilst investments accounted for US$
6.6b, representing a mean Investments/Turnover ratio of 23%Z. This ratio was
of the order of 10T in 1975 and 16X in 1980 (according to M. FRENCH, The
semiconductor industry: an overview, Datamation, April 1980, p.164). Taken
overall, and for the most advanced manufacturers, it is necessary to devote
helf, if not more, of the turmover to capital investments and to Research and
Development.

123. Under these conditions the directing group is therefore a kind of
"leading rider™ in a frantic race which constantly demands increasingly
sophisticated equipment, and in which it is not always possible to maintain a
place. The wmanoceuvres themselves are delicate, since the short-term
evolution is much more disturbed than might be assumed from the long-lasting
trends wvhich we have described. After years with increases of the order of
40X there may follow real crisis years wita negative rates of increase of
sales, as in 1974-75, 1981-82 and 1985-86. Situated upstream of the
electronics construction indestry this production of the basic bricks
obviously suffers from the phenomenon of the acceleration of the derived
demand. The evolution of the customarily observed ratio of orders received
to goods invoiced clearly shows this cyclic character, as may be seen from
Figure 1-25.
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Figure 1-25 : HALF-YEARLY RATIO OF ORDERS AGAINST INVOICES
OF DRAM INTEGRATED CIRCUITS
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124. Price changes are affected not only by the phases of the life cycle of
the product (cf paragraph 118) but also by the fluctuations in the demand and
also in some cases by fluctuations in the supply position, amplified by the
aggressive investment policies of some competitors. In periods of
insufficient orders the fall in prices is held back, but the reaction of the
suppliers, very desirous to move on to the following generatious, may well
lead to a high level of investments and a supply situation which can lead, if
the demand is slow to become dynamic, to excess capacities. These can
provoke an accelerated fall in prices without any assurance that future sales
will be of sufficient volume to cover costs (increasingly high on the invested
capital). This is what is shown by an article in Electronic Business of
March 1986, from which Figure I-26 is taken, whilst Figure I-27 iilustrates
the course of Japanese investments. It may easily be understood that such a
situation in the industry, which has no structural stability, resembles a
permanent exploit involving the ascent of a succession of constantly more
difficult peaks; this is not the result of a tacit harmony between individual
firms but rather of a very vigorous competition. It has given rise to
considerable tension between the United States and Japan despite an agreement
(30 July 1986) which other producers feared because it had been set up at
their expense, particularly in the case of the Europeans.

Figure I-26 : THE ABNORMAL FALL IN MEMORY PRICES
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Figure 1I-27 : THE JAPANESE PATH OF INVESTMENT IN SEMICONDUCTORS

500 -
450 -
400 -
350
Total des dépenses
300 - d'nvestissement
des neul premibres femes

Exercice 1978 - § 2978
Exercics 1979 - § 4973
Exercice 1980 - $ 6379
Exercice 1981 -3 9155
Exercice 1982 - $ 10915 -
Exercice 1963 - $ 1695.7

Exsrcce 1984 - $ 2906.0

Millions de dollars

o Mitsubishi

OK) Electric

1978 1979 1980 1981 1982 1980 1984
EXERCICE FISCAL

Source : Dataquest, Inc.

Source : After S. TATSUMO, Les technopoles ou la revolution de
1'intelligence,
Les Editions d'0Organisation, Paris, 1987, p.280,




-93 -

4.3. The case of the television receivers industry

125. To begin with the supply of mass consumer electromics products was
small, coming from producers stemming from the electrical and radio
industries. The latter were able to profit from the granting of licences by
RCA (United States), the company which had developed the first television
receivers. Almost all of the enterprises present on this market operated
over the whole of the mass consumer sector. The continuicg expansion of the
world market for television sets and the development of "peritelevision™, that
is to say all those services and products using the screen of the television
receiver as a visual display unit, meant that the television set remained the
pilot mass consumer product (now accompanied by the video-recorder) and the
pivot of the new age of electronics in the house whilst awaiting global
domestic informatics.

126. Today there are very few producers of significance, and it is possible
to drav up the following list with their 1986 production :

Millions TV units

produced
Philips 6.2
Matsushita Japan 4.7
Sony Japan 3.8
Toshiba Japan 3.2
Hitachi Japan 3.1
Thomson/Thorn * France 3.0
GE/RCA * United States 2.8
Samsung Korea 2.5
Sanyc Japan 1.8
Sharp Japan 1.7

* 1In 1987 Thomson bought the Mass Comsumer Electronics branch of
GE/RCA, after having acquired that of Thorn EMI (GB).

Source : Bis Mackintosh

127. The potential expansion of the market required an increase in
production capacities, but it is mainly the evolution of the techniques which,
because of the large capital investments which resulted and which had to be
amortised, made it necessary to move on to production in long runs. These
two constraints have continued to operate. - By way of a study of the
structuring of the world market it is possible to demonstrate what the
consequences have been.

128, During the sixties the structuriug of the industry was effected by way
of national concentrations, Taus in Great Britsin the number of
manufacturers of television receivers fell from about 40 in 1955 to about ten
in 1965. The seventies were characterised by a further restructuring of the
industry, this time at a global level under the impulse given by Japanese

firms; this is still continuing. Initially the Japanese attacked the
American amarket.

129, The Japanese tactic adopted two principal routes. The first consistad
of wmassive exports of television sets which profited from the relative
veakness of the Yen; these were followed by the establishment of marketing
companies after ensuring the reputation of the brand nam-, The second was
based on the American brand names, in particular by purchasing production
units in the United States. Thus in 1976 Sony produced 200,000 colour TVs in
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San Diego, whilst Quasar had been transferred by Motorola to Matsushita in
1974.

130. This was followed by the almost complete dismantling of the “ocal
American productive apparatus, helped by tactical errors on the part of the
major local producers. Only RCA tried to resist, but the licences it had
granted gave more benefits to the Japanese firms who had, in addition,
manifestly succeeded in their winning strategy on the field of technico-
commercial evolution; video-recorders and compact discs had been the lost
opportunities which had decided the fate of RCA. So, whereas in 1974 there
were fifteen colour TV manufacturers in the United States, 12 American and 3
Japanese, today the proportion is reversed.

131. From the middle of the seventies the Japanese manufacturers operated
along other strategic axes. They practised the relocation of their
production units to areas with low wages, in particular to South-East Asia
such as the Hitachi plants in Singapore ancC Taiwan. In addition they moved
on to the automation of their existing units. Since 1978 85X of Matsushita's
production of colour TVs has been automated. Finally they have established
joint ventures with local actors and are building production units in areas
with major potential wmarkets. From 1974 onwards Japanese firms were
established in Europe in this way, firstly in Great Britain (Sony in 1973,
Toshiba and Hitachi in 1978) and then in the principal consumer countries
(Matsushita in Spain in 1985, Hitachi in West Germany in 1978 and Sanyo in
Brazil).

132. The other large producers of television sets, principally European, had
until then enjoyed protection by standards (SECAM in France and PAL in
Germany) whereas Japan and the United States had the same standard (NTSC), but
on the other hand they had not benefitted from the extent of the American
market since the European market was partitioned. Faced with firms
practising mass production and exporting the European firms were tempted to
imitate them in some way, and this has resulted, since 1978, in a process of
concentration on a European scale but moving into a global dimension. Tvwo
firms made efforts to arrive at this situation: Philips by way of a majority
shareholding in Grundig and the purchase of Sylvania in 1981, and Thomson by
the purchase of Normende (1978) and Dual (1982) in Germany, Thorm in Great
Britain on 1986 and KCA/GE in 1987. In the same way there was a
reorganisation of production and the search for optimal profitability.

133, Thomson proceeded to imitate Japanese know-how. Thomson could see
that Toshiba had a plant which produced s million sets a year but had only 80
models, wvhereas at their Angers plant Thomson produced only 500,000 television
sets in 1983 but could "boast” of 250 models (Usine Nouvelle, September 1984,
p.92). Thomson moved to automation and reduced the production time for a
television set from 9 hours in 1978 to 2% hours in 1985, It also relocated
part of its production in Singapore where the hourly wages cost in 1986 was
12.5 FF as against 83 FF in France. To this process was added the closing of
many plants (Philips in Berlin in 1982) and considerable manpower reductiona.
Once conditions of profitability had been reestablished the firms were able,
as a result of the margins achieved, to look towards innovation and to leave
the market for product: at the end of their life cycle to producers with the
lowest production costs.

134, The growing uniformity of production conditions makes it possible to
define the essential critical size at current prices: today this is regarded
as being of the order of 2 million television sets per year (source: Usine
Nouvelle, 17.12.1987). Amongst these production conditions account must be
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taken of the magnitude of the Research and Development necessary to keep up
with technological developments in television receivers. The need for scale
economies relates primcipally to the magnitude of investments in production
capacity (automation and plant development) and to the high productivity
needed to achieve price competitiveness. This must not be allowed to obscure

the fact that every producer must adapt to rapid techmical progress if they
are not actually to promote it.

135. The first technological break-point was the introduction of colour sets
as replacements for monochrome sets in the middle of the sixties as a result
of the impulse from RCA: the American firm was able to impose its
apprenticeship curve on the following firms. Some were not able to master
the necessary know-how and were therefore excluded from the market: this was
the case, for example, with the Argentinian firms.

136. Other techmological evolutiors took place, and are continuing. One
may note improvements in sound due to the improved performance of acoustic
enclosures, Also to be noted is the movement towards reduced energy
consumption (as a function of screen size) since 1960. In a general manner
the introduction of the electromics of integrated circuits has been remarkable
in various functions, particularly in signal processing since this has been
effected in Japanese sets by a single chip since 1984. Figure I1-28 shows the
rapid advance of the introduction of micro-electronics in television sets.
For the viewer the most remarkable feature is in another field, that of image
improvement and the format of the screen, as a result of progress made on
components and tubes. This involved firstly the introduction of tubes with
square corners, then tubes with flat screens.

Figure I-28 : EVOLUTIONS IN TELEVISION SETS AND THE UTILISATION
OF INTEGRATED CIRCUITS IN JAPAN

o Year o TV Sets ® iCs
1960s Mass production of TV sets wiilizing Monolithic lincar 1Cs for sudio IF
monolithic ICs
Al IC color TV sets Signal processing linear IC 61Cs/system
/\ TV sels with electronic tuners enalling 1Cs for chanrel selectors {linear and
the selection of channcls by mere touch digitat)
19705 TV sets with remote convol I1Cs for transmission and receiving
{12 L or CMO35)

Elecuronic tuncr TV sets of the
synthesizer typ=

1) Volusge synihesizer - EAROM (MNOS! for memorizing tuning
voliage
2) Freguency synthesizer "Pre-scaters, PLL (FCL, 13L) for hich
speed operations
TV sets vath sound multplexsr Linear 1Cs for cemursuiation, and B60s

for enlarging sound field

/\/ Fiat TV sets Srall packagad hincar ICs reduced

POWer Conwmpnion
19803, Liquid crystal TV sets Liquid crystall disdlays and controliers
Systematized TV scis Analog switch ICs (TMOS, linear) for
nput switching
1983 Comb type hiter ICs for improving image
{hnear, CCO)
TV sets with character multiplexer Dacoder and LSI for displays hinear, MOS)
RANMs (50 kb/unit) for memorn2ing smage
SHF receiving converiers GaAs ICs for dovin converter
LSts for PCM decocers
Drgrtal TV sets LSIs for digital s.¢ab processing of viceos,
chroma, sound and deflection
TV sets showing stll picturcs High speed AID, D1/ converters
Frome memornies 2 1L Jun
High rezolunion TV sets Linear 1Cs for high frequency vade vand

Source : EIAJ, 1986 Report
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137. The increased usage of specific components and the strategic importance
of the tubes in the process of manufacuring ceceivers - the cathode ray tube
accounts for a third of the selling price of a television set - means that the
principal manufacturers practice vertical integration. Thomson (Videocolor)
produce 3 million CRT's per year with SEL (bought by Nokia in 1987) producing
2 million units, The situation on the CRT market is such that the
"traditional”™ producers fear the arrival of new entrants.

138. The Koreans arrived, knowing how to adapt themselves to technological
evolution in the field of televisior sets. After having started at the
bottom of the range (monochrome sets in the first half of the seventies) they
now control about 10% of the world market with a foot in the American markets
and, more receantly, the Eurcpean warkets: for example Korean firms are
established in Portugal and the British 1Isles, They are now turuning in a
logical manner towards the CRT market (more than 60 million sold in the world
in 1987) where perhaps with other producers in South-East Asia they could
generate excess production and be tempted to operate a price war.

139. Another consequence of the increasiugly massive integration of
components in television, as in all the mass consumer products, is that the R
& D expenditure of the principal groups have increased markedly since the
beginning of the eighties. For example Sony, which achieves practically all
its turnover (TO) on the mass consumer market, the R&D/TO ratio increased from
5.3% in 1980 to 6.9% in 1982 and 7.9% in 1984, Thomson has a team of 500
research workers specialising in mass consumer products, and at Philips 250
researchers work only on new developments in television sets,

140. The digitisation of television sets necessitates increasing investments
in Research and Development and production and makes the mass consumer Sector
a high technology industry. This results in the arrival of producers which
up until now had specialised on the upper end of the range or on specialised
products (for example the first combined television-telephone-computer of
Loeuve Opta, West Germany) in the mass production market. Thus Nokia
(Salora/Luxor) which produced 600,000 television sets in 1985 has increased
its capacity by 100,000 units a year since chat time. Furthermore this
Finnish firm has purchased the TV branch of Electrolux (200,000 TV's/year) and
SEL (1.”m TV's/year).

141. The technico-industrial battle of the end of the century started at the
beginning of the eighties as the challenge of replacing nearly 500 million
television receivers by 1995-2000 with high-defini ion sets (cf. 3.3.1.).
Production methods will be similar, but the tubes and the principal components
will be largely renewed for broadcasts which will mostly come from direct
broadcasting satellites. 1f mass consumer electronics were seen by some in
the seventies as hardly worthy of being related to the adult electronics of
the very young microprocessor there is no room for such doubts today, but the
conditions under which these products have to be manufactured have become
extremely difficult.
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CHAPTER I
THE IMPACT OF THE AGE OF ELECTRONICS
ON ALL ECONOMIC ACTIVITIES
1. Chapter I has shown clearly the importance of the technico-industrial

evolution of electronics since it has taken us into a new age of the
industrial era. 1In Europe the public authorities congratulated themselves on
the fact that their countries had recovered the levels of industrial
production of 1928, which closely resembled that of 1913. Between 1913 and
1952 industrial growth, certainly interrupted by two world wars, had been
slow; it was to become more rapid from 1952 to 1973 but then seems to have
remained at a scaled down level. The industrial landscape had increased in
density to some extent, but always around the same central subjects.
Northern France and the German Ruhr still symbolised Industry with its waste
tips and blast furnaces. At the start of the sixties the main flowering of
industry was in iron and steel whilst the principal employer in the old Europe
continued to be the textiles industry. Today the age of electronics has been
installed and the age of steel is giving way to it. Steel and textiles are
still produced, but in other ways. It is still necessary to work, but the
necessary know-how will be different. The futu-e no longer lies with steel
and with its machine:z but with microprocessors anc with communications. If
one can identify here and there the changes which reflect this installation of
electronics it would be misleading to try to measure them and to add together
the isolated impacts: these are only the indications by which it is possible
to understand, if it is not already understood, that an industrial mutation is
taking place and that, to use commonly understood words, activities are being
modernised.

1. AN EVALUATION OF THE DEGREE OF DIFFUSION OF ELECTRONICS

2. Evidence of the installation of the age of electronics is given by the
spread of this technique throughout products and prouuction processes, This
has taken place as a result of systems which lead to other ways of producing
but, in addition, by inserting electronics into pre-existing, and perhaps

slightly transformed, products or systems. The electronics principally
inserted are the integrated circuits, memories and microprocessors. An

examination of the sales of integrated circuits and their destinations
provides some indications on this diffusion of electronics,

3. The data in Table I1-1 relate to two years, 1982 and 1986, and show the
market situations of the principal consumers, the United States, Japan and
Europe (and also the rest of the world in the case of 1986). A first comment
concerns the rate of evolution of the markets: in the case of these three
main markets the total rose from US$ 11.9 billion to US$ 31.2 billion, a mean
annual rate of increase of nearly 27%. This rate was 16% for the United
States, 34% for Europe and 45% for Japan, If military consumption is
excluded (it does not exist in Japan) the civil demand in Japan for integrated
circuits in 1986 was greater than that in the United States, whereas it only
represented 43% of this in 1982, Although it is not possible to establish a
firm statistical link between these data and macro-economic developments it is
still possible to comment on the coincidence between the overall Japanese

pecformance on the international scene and the more rapid diffusion of

integrated circuits on its electronics markets than on other markets.
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Table 1I-1 : DESTINATION IN PERCENTAGES OF
INTEGRATED CIRCUITS, 1982 & 1986

U.S. JAPAN EUROPE REST CF
1982 1986 1982 1986 1982 1986 WORLD
1986
Military
expenditure 17 15 - - 5 5 -
Informetics 40 40 13 33 25 20 20
Telecommunications 21 18 10 18 20 27 14
Industrial uses 11 12 26 10 25 18 13
Consumer goods
(MCE, cars, etc) 11 15 51 39 25 30 53
Value in USSH 7.3 13.2 2,6 11.5 2.0 6.5 2,7
Ratio, 1986/1982 1.8 4.4 3,2

Source : 1982 OECD, after C. EDQUIST and S, JACOBSSON, "The integrated
circuit industries of India and the Republic of Korea in an
international technico-economic context.”, Industry and
Development, No.21, UNIDO, 1987, p.6.

1986 ICE, after Electronic Business, July 1987, p.31.

4, It must however be pointed out that the global increase of the
different economies remains modest when compared with this 27Z. Between 1982
and 1986 the GDP rose by an average of slightly wore than 4% per year in
Japan, slightly less in the United States and around 2% in Europe. These
rates of growth - comparable to those of the 19th century - are regarded as
too moderate. From our point 0f view one can sa, that new ways of producing,
as a result of the spread of electronics, can be made more productive, that
new products can offer services which are either vastly improved or even
unknown until then, but that one or the other upset the former organisation of
activities and the macro-economy without the electronics technique bringing
with it any solution to the problems posed by its diffusion. It must also be
pointed out that this spread of electronics is being pursued rapidly and thus
involves the industrial mutation, but the matter of the diffusion of
electronics and the industrial mutation which it permits needs to be
distinguished from that of the overall rate of growth. We should note
however that the wodernisation of activities offers a high rate of growth to
electronics and that, in due course, its increased importance in the
productive apparatus means that its high rate of growth will influence, even
more strongly and in an arithmetic manner, the growth rate of all sectors.
Any production apparatus specizlising in electronics will thus have an overall
rate of growth which may be even higher than the others.

S. Several other comments could be made on this table, but we will only
poiant out the case of consumer goods where, despite the very rapid annual
growth, the demand for integrated circuits has increased from 22% of the total
to 27%. This provides an index of the penetration of electronics into
everyday life.

6. To look a 1little further at the penetiation of electronics into
enterprises ve can consider the results of a survey carried out simultaneously
in three European countries, Great Britain, Germany and France, and which was
published in 1985 (NORTHCOTT et al.). The study relates to the years 1982 to
1984, covering all industrial activities with a sample of 700 to 1000
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establishments in each country, representative of the totality of each of the
industrial structures. The study is therefore concerned with the penetration
of micro-electronics from two aspects, the introduction of micro-electronics
into the products and the usage of electronics consumer goods.

1. Table II-2 shows the diffusion of micro-electronics as a percentage of
the number of establishments and according to the .ndustries. Electrounics
equipment has a diffusion which extends to all the sectors, whereas in the
case of the products most of those involving the incorporation of electronics
belong to a few branches: engineering, electronics and automobiles. But
this is obviously linked to the nature of the goods: clothing or papers
provided with integrated circuits are still only gadgets. The magnitude of
the diffusion of such equipment reached a mean and significant threshold:
between 40% and 50X of the establishments in these three European countries
have introduced aicro-electronics.

Table II-2 : EXTENT OF USE OF MICRO-ELECTRORICS
BY INDUSTRY (WEIGHTED)

wesghted for percentages of all manutaciunng estabhshments

nod chem welsl mech eoloc voh- lox- clo peper
motsly, goodny On9 ong kiss Wes ing  piiet oWer TOVAL

BASE Britain 3320 3252 4164 5467 3258 1.863 2927 3771 IST1 6213 37,

Germony 4100 5426 2307 5056 4512 2700 1.812 3227 2.750 829 40.18¢

France €917 3253 5586 S5.917 2043 537 2200 4046 1588 6727 3811
PRODUCT USERS

Britan o o 1T 28 S0 W o0 o o6 3 10

Germany o 7 5 42 £ 9% 1 o & 3 u

France 0 1 4 =) 20 0 [ ] ] | 4 6
PROCESS USERS

Brtan 60 51 40 45 St 3 0 Fi4 62 »% 4

Germany 4% 52 4 59 sS4 3 & 32 N N &

France 39 43 k] k1 n 58 » 23 50 2 3
ALL USERS

Brrian 60 S1 4 sS4 73 3B 3D D 62 N &

Germany 4 S3 4 67 % 41 4 N2 0 B 51

France 39 4 » 4 49 9 35 3 S0 3 .
NON-USERS

Briam 4 49 60 a6 27 67 70 73 3B 6 83

Germany S4 17 6 33 M 59 S 68 20 62 49

France 6 ST 62 55 S1 &1 65 77 S0 & 62
T0TAL 100 100 100 100 300 100 300 100 100 100 100

(1) In the case of France the figures for metals are included under metal

goods and not under chemicals.

Source : NORTHCOTIT et al., 1985

8. Table 1I-3 reflects this overall insertion in the number of employees
in the establishments concerned with this spread of electronics. Since such
introductions are, on average, rather wmore frequent in the 1larger
establishments the percentages are a little higher. Only 15% of workers in

Germany and only 29% in France do not work in an establishment which had
Introduced micro-electronics. T
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Table II-3 : STAGE OF DEVELOPMERT IN USE OF
MICRO-ELECTRONICS (WEIGHTED)

Q tor ployed and percentages of o 3 g empioy
Gemany Feance
e = e, L8
6890050 WO 6139530 100
APPUCATIONS

n production already 221706 321 SAT.062 132

Under development l 84.19% 2
496008 72

Fecsibikty imvesngated ) new o9

[:un 2707790 M3 %9385 %2

OCESS APPLICATIONS

n produchon svesdy 5.152.757 78 2419.21% L )

Under development 153.10% kR
551.204 s

Feasibitity invesugated 136.653 33

TOTAL 5704961 828 2706981 654

IALL APPLICATIONS

In production already 5330789 TIS 2552426 617

Under development 229.15 5s
496.088 72

Feasibility invesbgaled 166.592 40

rotat 5835873 84T 298233 1.2

NON-USERS 1954977 153 1191297 N3

Source: NORTHCOTT ot al., 1985

9. Tabies 1I-4 and II-5 make it possible to make rather more precise what
is to be understood here as the introduction of micro-electronics. In the
case of the products it is a wmatter of integrated circuits which are ex-
catalogue or wmore or less customised. 1f the latter circuits are used this
generally involves, as may be seen from Table 11-4, the additional use of
standard ex-catalogue microorocessors. Programmable logic controllers
followed by CNC machine tools are the tyj - of equipment most widely used for
production processes whilst robots (which have often inflamed imaginations
because of their android character) have only a modest place.
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Table I1I-4 : TYPE OF MICRO-ELECTKONICS COMPONENT USED :

PRODUCT USES
percentages of estabhznments
Sampie estoblishments AR manulaciuring 1
tumweighted) estoblishments {weighted)
Selipin Goermany Frence Odtain Germany Fronce -
sASE 19 290 18 327 5125 240
Stonderd Indusivial micreprocossers ‘
ollerad on catalogue « b Lad n bt »
Cuwstom civeulte
--::==:=u!u;:“.'“ » » » L » n
Semi-custom Intogreted circulte n 2 3 E - " n
Owhers - 2 [ 3] - 13 54 .
TOTAL 132 %4 199 23 "6 w7
Note Totsis acd 1o more shen 100, SOME respos wered YES 10 svoce mon one wem

Source: NORTHCOTT et al., 1985

Table II-5 : TYPE OF MICRO-ELECTRORICS BASED EQUIPMENT USED :
PROCESS USES (WEIGHTED)

» of o8 e ] P gus of 20 ’, )
wih p sutobishments
Bntain  Germany France Brtan  Geimany France
BASE 16 386 19 083 13416 37 806 30187 810
TYPE OF EQUIPMENT USED
!CAD work stations 3 17 15 [ [} 13
CNC mactne tools 2 % » 10 ” " |
PLCs (programmable ’ "
{logrc’conotters) » o “ o 9
Machine controfiers . 27 2 7 13 10 :
Process controllers 5 17 ” 7 [ ] [ '
Pick-and-place machines 4 s 3 2 2 s
+
Robots 2 3 7 K ' 2 |

Source: NORTHCOTT et al., 1985

10, Figure II-6 and Table 1I-7 examine the advantages and disadvantages of
the use of micro-electronics, as perceived by the enterprises covered by the
survey. Top of the list of the advantages was better control of the product
and its development or of the production process; following this were the
attractiveness of the product for the consumer, its quality and reductions in
costs. In the case of the production process the advantages again were costs
and the wmore efficient use of labour. As far as the disadvantages or
problems which could hold back the diffusion of electronics were concerned the
same tvo came at the top of both the product and production lists: firstly
the general economic situation and secondly the shortage of people with micro-
electronics expertise, The spread of micro-electronics thus requires
developing the training of the human resources and a generally favourable
economic situation,
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Figure II-6 : ADVANTAGES, DISADVANTAGES AND PROBLEMS
(FOR GREAT BRITAIN ONLY)

ADVAXTAGES. DISAFRANTACES sed PROSLEMS
ADVANTAGES, DISADVANTALGES sad PROSLEMS

Product applicasions ADVANTACES =
ADvANTAGES . Remer Casmel of pradertion prucrm NOMNNSNNNNNY
RS |-« - Y
Loowr praducion amne DNNNNNNNY e of¥iciant wme of Wboer DANNNNNNNNNNNY ]
e gt DANNNNNNNNNNNNY Crasew wond of compes AN ]
Crowtnr ovstmms sppeel OO ] ore ot capinns WM
Wigher mine Save efticions war of manrioly
=0 Cach of peaphs with
MecraieC FOnics supurtos are oftigions wae oF energy
Wigh euste of Arvelnpmuns Igroved wwh guehtiow
Prabras o wiveare Lack of praple wvihe
e int PENC aupertne
Wghev praduc vun cove N emty of drvetmpaens
' Comersl ecwmmec situation Caroral somamic utastion
1 S
CoTEY e tor armetopmens ! Foumcs tor drvotopmens
: J
-\\\\\\ Prodirems wwih swesers :g Preduren weih hos
q Oppasitean frovn hapfiner
o wean I Priowen ovr witesry
OFSADVARTACES AND PRLSLEIVS
Proviems o arvmry
. Vory wnpartans
. :n—-v-b:.—-‘ . {gpertansans mentrond Yo pradecten cons
§ Vory sepevians § ;"'.'.’-‘"" Oppamtum = Wy maragement
D o 3 [ —— Oppowtun hom oher grouge » eompary
OGADVANTACLS AND PROMENS

Procevs spplic stions

Source : NORTHCOTT (1), ROGERS (P.), 1982.
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MICRO-ELECTRONICS (WRIGHTED)

MAINl DISADVANTAGES AND PROBLEMS IN USING

percentages of manulfechwing estabiKshments rating Gisadvantage very importent

AL USERS

Gulisin Gormeny Frgace Ouinin Gormony France fsiisls Gosmeny Frence
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NORTHCOTT et al., 1985
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2. ANOTHER MANNER OF PRODUCTION

2.1. Mechatronics ("La mecatronique™)

11. The mechanical engineering industry has been strongly revivified by the
age of electronics, and it is the evolution of this iandustry vhich will
condition the future of the entire industrial system. From the industrial
standpoint the transition from wmechanical engineering ("mecanique”) to
mechatronics (“"mecatromique®) is reflected by an in-depth modification of the
"product®™ which is produced by this branch: instead of offering machines it
must now deliver werkshops or systems of wmachines. This product-complex
which the mechatromics industry has to provide is an assexbly of four types of
elements :

- a system (“in ormatics™) for the control, management and wmonitoring
of the whole assembly;

~ an assembly of machining centres consisting of machine tools with a
wide range of tools and able to work on parts with different
characteristics;

- a system for conveying the parts from the entrance of the workshop,
from machining centre to sachining centre and thence to the exit from
the workshop;

- an assembly of handling units for loading and unloading, that is to
say the interfaces between the conveying system and the machining
centres and to the entry, exit or intermediate storage areas.

12, This simple statement shows that any attempt to speak of robotics is a
reduction of mechatronics to the int of caricature. The robot wmost
frequently encountered, the robot-handler (or possibly welder, painter, etc.)
is certainly present, but in a workshop which is totally renewed. Datamation
emphasized, in its April 19854 issue, that "A robot is only really useful in a
flexible eavironment”™. A 1983 OECD document pointed out that "However, the
availability of robots, CAD/CAM, etc., does not imply that automation in
discrete engineering is easy. Management skills and expertise are often very
important in this context and can be the main barrier against the diffusion of
new forms of automation [....]. The flexibility provided to batch
manufacturing by new forms of confers on batch operation is not solely due to
industrial robots. The increased flexibility is the result of the increasing
use made of numerically controlled machine tools, the ability to integrate
machine tools into machining centres, the integration of robots into systeas
and direct numerical control of sanufacturing systems." Gerard GUILLEMETIE,
of ASEA's Robot Division, has himself pointed out that "The electronics are
not very important, but the mechanics are important for the continuous, hard
and accurate work a robot has to perform in a factory.”

13. The object of emphasizing these factors is to re-affirm (again) the
paradox encountered in the evolution of the industrial system: breaks within
continuity, From Josepi. WHITWORTH to Prof. H. YOSHIKAWA, it is always the
industry producing the machines; the standard screw thread put forward by
Whitworth was a standardisation just like that being proposed today by AFNOR
for the shanks of tools with a taper of 7/24 for automatic changing. But
despite this history, which can only be built on the legacy of the past, it is
a qualitative leap from the production of machines to the production of
vorkshops which ensures the certainty of entering into the future, as was
noted in 1981 by a report from the Club of Rome: "The prototype factory of
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the future is already being designed i...]. The entire factory layout and
work organization must be redesigned and restructured if maximum benefit is to
be obtained from the new systems.” A Japanese, Prof. H. YOSHIKAWA, is
regarded by many as the leading thinker behind flexible workshops and

factories without workers. He is responsible for a layout of the factory of
the future which has often been reproduced and which we set out below as
Figure 1I-8.

Figure II-8 : A SCHEME FOR A F_EXIBLE WORKSHOP
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- Prof. H. Yoshikawa of the University of Tokyo is the leading thinker behind
flexible workshops and factories without workers. He feels that it is
possible to define, within a production centre, a zone of very high automation
and without any human presance. Clearly all the machine tools are directly
numer’cally controlled by a computer and will be modular machines as is made
necessary by the required flexibility.

Source : Le Nouvel Automatisme, 1982,

14, Can one extract any real advantages in efficacy from such an
organisation? A priori coaceptualisation would seess to demonstrate this,
but today the Japanese experience can provide us with something better than a
theoretical discourse: concrete examples show hourly productivities of
factories nulfriplied by several units, whilst the productivity per worker is
increased by u factor of wmore than ten. The lathe and machining centre
manufacturing plant (all obviously numerically controlled) which YAMAZAKI has
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installed at Minokamo is one of the finest flowers of the “Mechatronics
Valley” and prefigures the System 21 (for the 2lst ceantury) of the Japanese
strategy. As far as the flexible lathe production workshop (FMS 21) is
concerned the following comparisons with a conventional system, as provided by
this company (Table 11-9), are very eloquent.

Table II-9 : THE ADVARTAGES OF A FLEXIBLE WORKSHOP
(YAMAZAKI, JAPAR, 1984)

Systea Conventional
21 system

Floor area 6,600 m? 16,500 m?
Number of machine tools 43 90
Rumber of operators :
- factory 36 170
- production control 3 25
Total 39 195
Production times :
- Machining times 3 days 35 days
- Assembly of the unit 7 days 11 days
- Assembly of the whole 20 days 42 days
Total 30 days 91 days

15. At the present stage the productivity of the workshop has been
multiplied by three: the total cycle to produce a lathe now takes four weeks
instead of twelve; with the number of workers being reduced to a fifth the
productivity per worker has been multiplied by fifteen. When management of
the workshop is optimal YAMAZAKI believe that they can do better, reducing the
overall time for the production of a lathe to 7 days; the factors by which
the productivity will have been wmultiplied will then be 12 and 48
respectively.

16, This example concerns the actual production of machines. It is here
that the heart of the industrial system, of mechatronics, is to be found, it
is here wvhere production line working and the scientific organisation of work
has not been able to increase productivity sufficiently hecause of the
discontinuous character of the production process. In the light of the
orders of magnitude crelating to increases in productivity one can appreciate
the interest there is in mastering it from upstream. 1In Japan about half the
sales of machine tools go to the mechanical engineering industry itself and a
quarter go to the autowobile industry; unlike the USA or Europe one does not
find the aeronautics outlet, It is possible to see the impulse given by the
sechatronics evolution through capital equipment goods and a classic of
durables consumption. The Japanese rise is not limited to electromics; it
is also concerned, as is known, with the automobile industry since Japan has
become the world's leading producer, and it also affects mechatronics itself,

2.2, Local industrial networks and logistics

17. Two communications problems concerning mechatronics merit special
sttention. The first is linked to the multiplication of intelligent units,
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the ratiomal usage of these requiring that they can communicate amongst
thexselves: this is the role of the local industrial networks. The second
is concerned with utilising the increased flexibility of the production
apparatus to rationalise inputs and production as a function of the output
which is needed to satisfy the demsnd, and this is the problea which has to be
regulated by the logistics.

18. The need to allow intelligent machines to communicate with each other
resulted in the birth of the FAP (Manufacturing Automation Protocols) project
launched by General Motors. This firm has sought "o make a gigantic effort
by way of electronisation to overcome what it saw as an inevitable decline in
tue light of the gap between its productivity and that of the Japanese
manufacturers (vehicle costs US$ 2000 higher per vehicle). At the end of the
seventies it was already using 20,000 programmable automats, 2000 robots and
40,000 intelligent units, but only 12X of these could inter-communicate.
Since it wished co multiply its electronic equipment by a factor of at least
five it was necessary to operate in such a way that they could be utilised in
the most rational possible manner. The size of this client of the
electronics industry is such that it was possible for it to launch a
standardisation process with which groups of users were associated. Since it
was launched in 1980 MAP has seen its successive versions become increasingly
precise; from 1986 onwards the MAP Users' Group has had more than 1500
members in the United States including the largest American firms, whilst the
Bur., --1s have created their own EMUG (European MAP Users' Group) to which the
largs European firms (about 200) belong, and the Japanese have done the
same. A demonstration of the inter-operability of machines using the
MAP 3.0 version (cf Chapter V) took place in Detroit at the end of 1987.

19. The existence of MAP is very important since it establishes an
international standard for the architecture of communication between
industrial machines for cooperation between the constructors and the users,
This is an entirely new phenomenon, one of the implications of which is that

of facilitating the development of local industrial networks.

20. There has been talk of the automation of production activities for
about a quarter of a century, and this had become more generalised with the
multiplication of programmable automats, The programmable zuinmat is
generally supplied with the production machine, and this applies to ali kinds
of industries. It has taken its place in manufacturing industries employing
major continuous or batch processes, From the small firm to the large one it
most frequently carries out processing on the control part of the machines.
It carries out sequential numerical automation and regulation operations,
bordering on specialised regulators, numerical controls with their own control
(vhich may be an automat), robots with their own control, micro-computers and
also computer assisted management of production (CAMP), computer assisted
design (CAD), automated testing, etc. To a certain extent what has developed
is automation on isolated islands.

21, The management of production requires that one can envisage, at any
moment, exactly what the sutomats are doing, certainly programmed in such a

vay that everything works harmoniously, but that as soon as a problem arises
at any point the time needed for informing all the points concerned will be
more or less lengthy and the time needed for devising the decisions to be
taken so that coherence is re-established will be even lengthier. Briefly
the supervision and the control of production are redoubtable tasks which give
rise to many techniques, many forms to be completed and to be circulated, etec.
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22. Without discussing either priaciples or objectives (for example the
"five zeros™ of the Japanese kanban or "just in time") it must be emphasized
that it is obvious that the implementation of a real-time communication
network between all the existing programmable automats makes it possible to
think in terms of a centralised control with the rational management and
supervision of all the tasks. For this purpose it is possible to provide the
software resources for computer assisted design and computer assisted
management of production. This obviously demands effective imnter-
communicability and even inter-operability. This also demands that there are
no non-automated islands and that the seansors and actuators of various types
be multiplied so that the system of industrial control is effectively and
fully informed and can carry out a sufficient number of operationms. The
local industrial network also makes it possible for the local automats to make
decisions automatically as a function of information sensed by more or less
distant sensors, without the control system doing anything more than to verify
that the automat is carrying it out correctly. Industrial control clearly
does not prevent the operation of sub-systeas.

23, Logistics thus attempts to link the management of production within the
enterprise with its environsent: its suppliers and its clients, The
flexibility of the production management makes it possible, through the local
networks, to take into account information on the products to be delivered and
the products to be received in order to optimise their circulation and to
eliminate dead time. As an example one can cite a large French footwear
eanterprise (ERAM) which receives every evening in its plants precise
information on all sales of models and sizes and so can organise not only the
supplies to its stores and the allocation of deliveries and journeys but also
its production planning and its supplies of semi-products, accessories,
packagings, etc. From automobiles to footwear, as from electronics to steel,
is obviously another manner of production which has been estsblished with the
age of electronics.,

3. A CRITICAL APPRECIATIOR OF THE EMPLOYMENT-PRODUCTIVITY DILEMMA

24, Ever since a situation of relatively high unemployment became
generalised in the industrialised countries at the beginning of the seventies
a considerable number of publications - more than a thousand in English and
French alone ~ have raised questions as to the relationship which could exist
between levels of employment and the "technological” evolution which increases
productivity. No irrefutable demonstration has been able to resolve the
opposing views and allow precise vievs. 1In the long term all, or practically
all, the world will finally accept that history shows that technical progress
is accompanied by increased employment, and that there is no reason to doubt
that this will continue to be so. 1In the short term a very large number of
experts continue to consider that technical progress will cause jobs to
disappear. Numerous recent analyses, such as that of R. KAPLINSKY (1987)
show however that job losses following the introduction of micro-electronics
are, in the worst of cases, only small. This means, for the industrialised
countries, that all the jobs which have been lost have been lost for other
reasons to be found in the Third World countries, and that all the jobs which
have not yet been created in industry are really the result of backwardness in
technical progress.

25, The study of NORTHCOTT et al. (1985), which we quoted obove (point
1.1.) also provides a survey of the effect of the introduction of micro-
electronics on employment, and the results of this are given in Table 1I-10,.
One can also see here a globally slightly negative effect (a fall of between
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0.5% and 0.8% over two years, accordiag to the country concerned). This
effect results from not negligible movements in the opposite direction which
locates the existing problems in some other place than a close link between
employment and the use of electronics.

Table II-10 : CHANGES IN EMPLOYMENT DUE TO USE OF MICRO-ELECTRONICS
(AVERAGES AND TOTALS IN PAST TWO YEARS): ALL USERS

perceniages and numbers ol jobs
Sample AR
establishments establishments (weighted)

Britsia Germany France Britsin Gerwmany France

AVERAGE CHANGE N NUMBER OF JOBS:

BASE 776 943 726 Mre 20232 14527

PERCENTAGE OF ALL USER

ESTASUSHMENTS WiTie:
ncrease in jobs L 3 ' 1] ¢ s . ¢!
No change in jobs % 7] ] n 6 " 1 3
Decrease in jobs % 20 1] n 17 15 1 ‘
DK/NA L3 7 2 12 6 2 LI

]

In establishments with increasss no. - -19 -30 - -1 -12
In establishments with decreasss 0o0. -4 -35 -38 -7 -18 -15 ,
in aX establishments mo. -5 -3 -3 -2 -1 -1

TOTAL PERCENTAGE CRANGE 4 JOBS: !

In establishments with increases % -39 - - -56 -44 -8.8
In establishments with % -38 . . -5 -4.6 -85
in aK establishments % -07 . 4 -08 -06 -0.5

TOTAL CHANGE IN NUMBER OF JORS:

i establish with; 000 . . . -20 - -3

In establishments with decreases ‘000 . - . -4 -a7 25
i
In all establishments ‘000 - . - -3 -30 -12 :
)

Source : NORTHCOTT et al, (1985).

26. As a result of the manner in which this productivity-employment dilemma
is frequently presented one can only conclude, whatever the results of the
surveys or the arguments advanced, that there has been a loss of jobs. In
fact it is wmore often a question of studying the impact on employment of
micro-electronics, carried out within a context of slowed-down growth and of
unemsployment, First of all the scapegoat, the guilty party, is designated.
the machine which takes away a man's work. Technizal change adopts an
implacable character and the entrepreneur in order to at least -ationalise the
situation -~ and one could quote a thousand and one examples - roplaces men by
robots.

27. If it is viewed from a micro-economic point of view the question can be
understood. In a workshop where there were 100 men the technical progress
which introduced automation has no other reasor than to make it possible to
obtain, perhaps by 50 men not carrying out the came operations as previously
and having to provide proof that they have other skills, a production which is
at least equal to that obtained in the past, If this workshop is not able to




release twice as many products onto the market then the ent.rprise will not
take the decision to open up a second workshop. More generally, and in a
context of limited growth, technical progress will, at the micro-economic
level, pose employment problems.

28, However it is not very probable that the wages paid to the employees
will be doubled. The company's turnover being unchanged it will be used for
something. The wages not paid by this company will however be returned into
the economic circuit in one way or another and may serve somewhere else to
provide jobs and to pay wages. This means that the problem of employment is
also a macro-economic nroblem.

29. On this point it must however be added that there has already been a
decline in jobs in agriculture and, more recently, a decline in employment in
industry to the benefit of the service industries. Table 1I-11 shows us how
this change has taken place at different rates in the United States and Japan.
The technico-industrial evolution increased the productivity of industry and
the services sector and hence the overall potential for production rises.
For as long as the demand is not saturated the production can also rise. In
fact the past organisat'on of work and the technical resources which are
available make increasing production difficult. The passage to the age of
micro-electronics slips the bolt: it does not cause unemployment but provides
the techniral resources for increasing productivity and hence production.
However it is necessary to organise these new technical resources, at the
macro-economic level so that they effectively make it possible to reduce
unemployment. At a time when economies are being implemented on a global
level this reorganisation cannot be considered within exclusively national
contexts but must on the contrary be the result of international cooperation.
In regard to that which is strictly our concern we must remember that
electronics is not the cause of unemployment but rather the means of
increasing the job potential.
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Figure I1I-11 : EVOLUTION OF THE SECTORIAL STRUCTURE OF JOBS :
A COMPARISON BETWEEN JAPAN AND THE UNITED STATES
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Source : Seisuke KOMATSUZAKI, Research Institute of Telecommunications and
Economics (RITE), T"Approches japonaises de 1'economie et de
1'industrie informationelles", IDATE Bulletin No.16, July 1984, pp.
31-49, p.44.

4, AN INCOMPLETE LIST OF MODERNISED ACTIVITIES
4.1,  Steel

30. P. JUDET (1985, p.18) states that "No iron and steel industry can
escape, in the long tern ... from the entry into informatics. This poses,
amongst other matters, a training problem, Faced with the very extensive
technical possibilities opened up by informatics it is necessary, if they are
to be seized, not only to have srecialised personnel but also to ensure that
all the personnel can be inserted into the networks which are then
established.

31. Every steelworks in the world must today equip itself with informztion
processing systems, that is to say a local industrial network with extremely
poverful central processing computers. Process computers operate with slow
codes in the same languages so that they can communicate, and industrial
control hinges around the control of management, Up to the present time it
is the Japanese steelworks which have the highest levels of information
processing in the world, but most of the iron and steel industries of the
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industrialised countries are already well advanced into their own process of
introducing informatics.

4.2, Chemicals

32. The continuous processes of the chemicals industry have been
centralised by means of information processing systeams for many years now.
Modernisation is, in this sense, already very old, but the link with the
electronics industry will continue in the future since this industry is a very
important client with a very dynamic demand: materials for integrated
circuits, optical fibres, various types of plastics and different films.
Speciality chemicals should reach sales of US$ 15 billion to the electronics
industry by 1990 (J.L. ALEXANDRE and K. BLUNDEN, 1986, p.6l1).

4.3. Petroleum

33. Practically all the segments of the petroleum industry are today
operated with the support of electronics, from research to refining, from
management to distribution and even down to the petrol pump with the usage of
credit cards with magnetic strips or chips. The reduction of costs in
offshore operations in the North Sea (NOROIL Review, October 1985), or the
cost of refining by overall automation since the end of the seventies and,
perhaps soon, that of distribution centres, will make the petroleum industry
one with the highest level of information processirg.

4,4, Automobiles

34, For a long while now the automobile industry has benefitted from all
the automation techniques and all the developments concerning machines, It
often includes amongst iis manufacturers those who also construct machine
tools: it was in the automobile industry that robots first flowered and where
the first flexible workshops operated. It was in this industry, it will be
recalled, that the MAP concept was born at General Motors, Technological
evolution continues, including in the Japanese automobile industry which is
already the most modern in the world. Figure 1I-12, taken from S. WATANABE
(1987, p.49), shows us where the evolutions are, In particular it can be
seen that electronics are invading the production and management processes,
and also the product itself, According to Electronic Business (August 15,
1986) an average vehicle could contain about US$ 1400 worth of electronics in
1990, and this does not represent the kind of intelligent vehicle like the
luxury models which are beginning to reach the market.
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4.5. Textiles and clothing

35. The taxtiles and clothing industries are on the way to becoming
knowledge-intensive industries according to wmost of the experts in these
industries (e.g. C. DERVELOY and L. MYTELKA, 1986). The design and
manufacture of the products are carried out with the aid of informatics,
whilst management and distribution are also transformed by the use of the
resources of the electronics industry. As an illustration of this we may
cite something which may seea simple but which is important for the industry:
the sutom-tion of fabric imnspection. Very expensive systems (2-3 million FF)
operating with lasers inspect and check the quality of the fabric at a high
speed, covering the entire width at 250 metres/minute! What is best known in
the clothing industry is the informatics system for cutting out from patterns
(LECTRA in France) which allows savings in materials, time and labour. The
textiles iundustry forms one of those activities which have been profoundly
transformed by electronics.

4.6. Agriculture

36. By contrast agriculture has still been very little affected by this
movement. It is, however, starting to be influenced by it in the
industrialised countries in the field of farm management, not solely of
accounts but using software to follow up production and even using expert
systems for thc diagnosis of animal or vegetable diseases. In countries with
a shortage of agricultural labour robot fruit pickers are appearing (Sciences
et Techniques No.26, May 1986), Within the frawework of joint European
research the EUREKA systea includes an Anglo-Dutch project for a cereals
management system for farms, In France several expert systewms for disease
diagnosis can be consulted by way of the Freanch Videotex and Minitel (a
terminal provided free of charge to all telephone subscribers) and about ten
thousand farmers possess micro-computers whilst forty thousand use the
services of a shared computer system. The computer has come to the farm.
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CHAPTER 111 .

AR EVALUATION OF THE STRATEGIES OF

FIRMS AKD OF RKRATIORAL PERFORMANCES .
1. THE FIRMS : THE BOILING UP
1.1. A planetary dimension
1.1.1 The strategy : a global vision
1. Competition on the electronics markets has changed radically in
intensity since - the mid-seventies. The macro-economic context undoubtedly

constitutes one of the determinants of this change whilst budgetary and fiscal
policies have played a role in the contrasting results of the national
"champions™ in the United States, Japan and Europe. The globalisation of

these activities constitutes a response to the erratic variations in national

economic _situations, where interdependence has not yet been completely
achieved. Faced with differentiated costs of capital and with the

undifferentiated tastes of consumers companies are seeking flexibility in the
market and the expansion of their outlets, Relocation, with agreements,
becomes a prime strategy for achieving these objectives,

2, However relocation can no longer taske the form of the subsidiary, ready
to take over and acting as a kind of sales counter responsible for
distributing the products of the group. Companies have to become real
industrial complexes, developing autonomous divisions in the wmajor
geographical zones of Europe, Japan and the United States. With the
emergence of these oligopolistic complexes within the Big Three (K. OHMAE,
1985) there is a risk that numerous small companies will disappear. Unlike

the period 1975-1985, during which there vas a boiling up with the creation of

enterprises, the next ten years were to be ween as years of consolidation (R.
CONRADS, 198S, p.1625. Numerous segments of the market had, in fact, arrived

at 8 presature maturity. Too many competitors with excess productive
capacity entered into price wars and caused an even greater segmentation of
the market. For example the major informatics firms which wvere IBM's

competitors, the BUNCH (Burroughs, Univac, NCR, CDC and Honeywell) were
crushed between IBM, the dominant company, Japanese competitors like NEC and
YUJITSU and new companies such as Sun Microsysteas, Prime Computer and Stratus
Computer. They therefore had to regroup: UNIVAC and BURROUGHS merged to
form UNISYS and changed market segments, NCR progressively abandonned
universal informatics whilst HONEYWELL quit informatics altogether,

3. With the convergence of the market structures towards an oligopoly

scale and range economies become preponderant in every field of activity from -
development up to narketing and including procuction, Even software is

subject to this logic of seeking an optimal size, the 1level of which is
increasing. Consequently whereas up to the present time available capital

would risk financing the creation of enterprises on the basis of a new idea

the nineties could be years in which it would be the large companies which

would be best able to manage innovation aud the rate of development of
products.
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4, The search for a minimum optimal size has coatributed towards an
explosion in the number of agreements, alliances and mergers between firms of
the same or different nationality. The objective of many of these agreements
has been to share products or coaponents manufactured on a large scale in the
plant of onc of the two partmers; others reach agreement to develop new
processes and products or to share a marketing network. However the
multiplication of agreements does not mean that they are always observed, and
a large number of them are cancelled on the grounds of having been
administered in an incorrect maunner. If they are to continue in force these
alliances must benefit from an adequate structure and special mansgemsent. As
a consequnce of this & company cannot envisage multiplying them, and it is
probable that the vast movement taking place at the present tiwe will
progressively slow down (R. CONRADS, 1985, p.163)

5. Apart from the agreements relocation may also find its inhereat limits
in the organisational probleams of the enterprise., The dismemberment of their
productive apparatus by the North American transnationals complies with the
CLEE model, that is to say the search for advantages linked with low labour
costs and sales on attractive markets. However this model is obsolete
because of mechatronics and the manifest protectionism of the large industrial
courtries (K. OHMAE, 1985, pp.67-68). Furthermore the Japanese groups,
inserted into a territorial network of sub-contractors, either subsidiaries or
not, encounter many problems in segmenting the productive processes. The two
wmodels (CLEE and Japanese) are mutually exclusive, whilst the European groups
attempt to establish major automated production units, vertically integrated
and located in the proximity of the national market.

6. To these factors of uncertainty one must add today the ri-ing cost of
R & D activities or, if one prefers, the stagnation or decrease of the
productivity of research. This situation leads, at the same time, to making
increasingly risky those technological gambles which require ever-larger
capital investments (cf Chap.Il). This gives an advantage to the larger
groups: they alone would seem to be able to finance, to launch and to support
the development of a product-system such as & uiversal computer or a digital
switching unit. Since they cannot develop these in-house these groups seek
to collect together all the pieces of the puzzle in joint subsidiaries or by
buying smaller companies. Finally the rising cost of R & D explains the
frenzy which surrounds its appropriation and the hardening of the legal
actions taken against competitors.

7. Vith the consolidation of their positions on the markets of the Big
Three f{irms in the electronics industry are confronted with unsuspected
factors of uncertainty. Technological prospects, the stability of agreements
and the legal systems specific to each nation add to the uncertainty provoked
by variations in exchange rates and rising rates of interest. With this
increasing uncertainty and the need to react very rapidly the firms are led to
seek in the flexibility of organisation and of production the margin of
manouvre which they have lost in other fields. This requires a revision of
the culture of the enterprise.

1.1.2. The structure : a global oligopoly

8. The present trend in the electronics industry is towards international
concentration, hence to global concentration and so to the increasing
domination of the major industrial groups. Today the electronics industry is
already a strong and concentrated industry: of the total turnover of
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US$ 528 billion in 1986 ha'f was realised by the twenty leading groups (see
Table III-1).

9. These twenty firws may be regarded as the leaders in the electronics
industry; their orientations will determine the overall evolution of the
branch. Amongst these twenty are nine American f rms (IBM, ATY, General
Motors, GE-RCA, Xerox. Umisys, Digital Equipment, Hewlett-Packard and
Motorola), seven Japanese firms (Matsushita, NEC, Hitachi, Fujitsu, Toshiba,
Souy and Sanyo) and four European firms (Philips, Siemens, CGE and Thomson).

10. The wmarket is characterised by a national structuring which is still
very marked, As a general rule the market of the country of origin remsians
the primary outlet of the presemt participants in the industry. The modes of
organisation and operation of these markets retain specific_characters which
influence the activities of the firms. The major participants in the world
electronics industry today form a relatively differeantiated whole.

11. The structure of the production still remains highly contrasted
according to the main global zones of production , as may be seen from Table
111-2. A relative similarity may be seen between the American and European
structures.




-121-

HG FIRMES PAYS JCAELEC] % 1Gi | * CuM |2 LEAGER
USA 512001 10 mL 166

) JAP 194 n 13| 33
P-3 165 3 17| 32
USA 15000 af 19] ﬁ{

uSa 14900 3! 22 2%

) JAP 13800 3} 25 25
=2 13000) z; 27 25

A 13000§ 36 25

JAP 126001 2 32 25

JAP 12400{ 2 35 23

JAP 10000¢ 2 7 26

USA 9400] 2 38 13

RA 9200{ 2 G| 13
[USA 8800] — 2 =< 17)

USA 3300] F3 FX] 16

JAP 770 1 15 15

FRA 7 ] 46 14

USA 7100] 1 KT:) 12

[USA 5800] 1 3 T

JAP 5600] 1 50 11

G-8 5309+ 1 31 G

A 4300 1 52 1C

JAP 3900] 1 33 10

TA 48001 1 €3 S

USA 4700] 1 53 S

FriA 3500] 1 33 S

USA <500| 1 56 3

SUE 400§ 1 37 3

[CAN 3300] 1 =3 G

USA 4356] 1 35 2

USA 3300] 1 53 e

USA 3200 1 60 e

JAP 4000} 1 61 8

JAP 3700( ] 62 7

JAP 3600{ 1 62 7

USA 3600, 1 53 7,

JAP asool 1 63 7!

USA 3300]° 1 52 7

USA 3100{ 1 65 6,

[USA 3000 1 65 6

TA 2300] 1 ¢ 5

[USA 2600] 1 57 5

[USA 2500) 1 67 <

USA 2706} ! 63 5

G3 3670 1 55 3

USA 26/ 0 1 56 5

- L SA 2230 1 03 3
55-8 2l & 77, B

1JSA 230C 5] iCl 2

JAP 23001 b)) HA <

TOTAL 371590 70 726

Source : Thomson, 1987, p. 37




-122-

Table III-2 : STRUCTURE OF 1985 PRODUCTION BY THE MAJOR ZONES AS PERCENTAGES

Etats-Unis Europe Asic

Bicns d’équipement 73.8 73.5 38.8
Composants 228 17.6 335
Biens dec consommation 34 8.9 27.7

Source : Panorama de lindustric électronique mondiale, EL.C., 1987.

12. The industrial structure of each of these zones remains highly
specific. In a general manner the American constructors are more highly
specialised than their foreign homologues: they realise an important part of
their turnover in a limited number of sectors. By contrast the Japanese
groups are characterised by the high degree of diversity in their activities.
Between these two extremes Europe includes firms like Bull and Nixdorf, which
are specialised in informatics, and others like CGE and Siemens, which are
highly diversified.

13. Although electronics products are now increasingly homogeneous across
sll world markets it would appear that the principal producers do not
constitute an undifferentiatod category. The differences in the national
industrial structures have orientated the forms of the international division
of lsbour and hence the specialisation of firms on a world scale. The
openin of markets to the outside has been effected on the basis of the
competitive capacities of the groups, themselves founded on the specific
advantages furnished by the domestic environments from which they started.
The Japanese find their forces in the rapidity of diffusion of new mass
consumer goods and in the search for quality in their production operations.
The American firms depend upon the high level of development of their domestic
market, the base for the emergence of innovations. Thus Japanese firms
occupy important parts of the market in the mass consumer electrcnics and in
certain fields of semiconductors such as 64k and 256k DRAM's. American
suppliers dominate the production of information processing equipment.

14, Furthermore the internationalisation strategies of the electronics
groups take their national specificities into account. It may also be
pointed out that the American firms have chosen to develop on an international
scale by way of the creation of subsidiaries abroad, firstly at the points of
marketing, then seeking out advantageous wage costs. Europe is therefore
penetrated by American investments and so the approximating of its industrial
structure to that of the United States can be seen to be accelerating. The
large Japanese firms, for their part, having based their competiveness on a
domestic production capacity for standard products with a high level of
quality, are now constrained to export products rather than manufacturing
techniques. Their penetration of world markets has moved from those consumer
goods which do not require the implementation of an extensive network for
customer services to elementary components and before moving on to products
with a higher value added. In order to market their production the Japanese
firms have often operated strategies of alliance with European or American
firms; recently, however, with the rise of the Yen against the Dollar and
European currencies, the establisament of subsidiaries has accelerated. The
European groups, caught between the technological advances of the Americans
and the efficacy of Japanese production methods, and not having the optimal
volumes of outlets on their territories of origin, have often only been able
to carry out local resistance operations against foreign penetration. In
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order to palliate these deficiencies they sometimes attempt to become inter-
nationalised by external cross-operations {Olivetti in the United States).

1.1.3. The actors : an exclusive club

15. The present state of the competition and of an industry on an
internstional scale limits the list of candidates to the largest existing
groups. In order to be able to play a major role in the coastitution of the
industry at world level it is necessary to possess counsiderable resources.
Firms must possess very extengive financial resources if they are to face u

to competition which is now on-a global scale, and away from those zomes which

are sheltered by national policies. It is also necessary to devote
considerable sums to research and development.

16. Secondly the groups must possess a broad spectrum of kmow-how and
competences. Most of them already occupy positions of strength in several
industrial segments concerned with electronics technologies (see Table III-3).

17. The formation of an oligopoly will be accompanied by a major industrial
restructuring, inasfar as this will be the result of vigorous competition
between the various candidates, all of whom know that their survival is at
stake. The conflict can only be resolved by the disruption of many positions
acquired on the major national markets. This must necessarily come about by

the imposition of new rules for the functioning of industry and heace by a new
definition of its frontiers and its organisation.

18. Reducing the principal actors to a small number implies that these will
be seen as suppliers of complete and integrated solutions rather than as
offering isolated goods. Several trends militate against this route. One
finds, first of all, that the evolution of the techunology of components is
increasingly orientated towards increasing their degree of integration. The
component increasingly approximates to a system. In the situation on the
existing market, dominated by a price war, only those groups capable of
controlling very high volume production outlets can face up to the competition
and benefit from the value added in the downstream stages of component
manufacture. The captive producers are those which are best able today to
resist the crisis of overproduction in this segment of the industry.

Table 1II-3 : THE TEN LEADING GROUPS IN THE WORLD, AS CLASSIFIED
BY THEIR ELECTRONICS TURNOVER

Total 1987 1987 R&D Inform, Telecomm.Int. Circ.

USS = UsSS m rank, 87 rank, 86 rank, 87

IBM 54,217 5,434 1 9 1
MATSUSHITA 31,906.1 1,832.4 17 - 11
PHILIPS 26,023.1 2,154.3 18 10 9
ATT 33,598 2,453 23 1 S
GM 101,781.9 4,071.2 31 - nd
NEC 18,236.8 1,711.4 S 4 2
GE 40,515 1,194 53 - nd
SIEMENS 28,615.7 3,455.7 7 ] 17
HITACHI 33,070.6 2,179.3 6 14 4
FUJITSU 13,103.2 1,154.7 4 11 10

TOTALS 381,067.4 25,640

Source : Datamation, 15.6.1988; Thomson, 1987; FORTUNE, April 1988
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19. Finally it must be noted that penetration of an increasingly vast field
of applications, from management to production, through electronic techniques
to information processing, leaves users increasingly at a loss when faced with
the problems posed by the installation of systems in which coaplexity
increases -vithout cease and which today cause difficulties because of the lack
of compatibility of the various elements from which they are built.
Furthermore commissioning a system from its component parts becomes a
competence in itself, The leaders of the oligopoly will therefore become
vast integrated groups offering complete soluticns. This will be followed by
a reduction in the degree of specialisation of the principal actors (E. de
ROBIEN, 1986, p.179).

20. The competition in regard to coaplete solutions on a world market and
the reduction in the degree of specialisation of the participants will
definitively lead to the growing similarity of the organisational and
operational characteristics of the primncipal protagonists. The existing
differences which we have noted between the American and European groups on
the one hand and the Japanese on the other, will become less as a result of
the implementation of a global oligopolistic unity.

21, The advance to integration will, in the last resort, take off from a
double point of departure: that of production competence, or that of
utilisation. It is found, in fact, that the principal actors consist on the
one side of groups which come from the traditional segments of the electronics
industry, such as IBM, ATT, Philips or NEC and on the other side of newly-
arrived firms from major user sectors and with formidable financial resources
such as General Motors or even General Electric. The first category justify
themselves by the fact that, as enterprises already engaged in this type of
activity, they have the design and production know-how which allows them to
construct an assemblage of competences which integrates all the complementary
elements necessary for establishing a supply of complete systems. The second
category are founded principally on a capacity for integration by enforcing
the standardisation of the components and on their financial power which can
encourage them to extract advantage from this successful integration to become
assemblers in theizr turn. In this respect it is particularly interesting to
note that this strategy will lead to a gradual falling away of the organising
power of the industry, from the public powers to private powers, which is

fully in line with the trend towards the comstitution of a global oligopoly.

22, The consolidation of the global oligopoly allows one to predict the
weight of the groups at the start of the twenty-first century. Table 11I-4
sets out the possible evolutions of the five American groups when account is
taken of the growth perspectives of the various market segments. This
exercise leads to the emergence of mastodons with turnovers which will in all
cases exceed US$ 100 billion. One may ask whether it will be necessary to
redefine anti-trust laws as virulent as those of the fifties.
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1.2. The strategic revision

1.2.1. Relocation reconsidered

23, The establishment of Fairchild in Hong Kong in 1962 was the start of
the continuing wave of relocation of North American electromics firms. In
fact from the beginning of the sixties Japanese firms had begun to contest the
American advance in the field of active components. In 1957 American firms
produced 29 million transistors and the Japanese 6 willion: by 1961 the
figures were 191 million and 180 million transistors respectively. The ratio
had thus fallen from 4.83 in favour of the United States to 1.06 (J. GRUNWALD
and K. FLAMM, 1985, pp. 68-70). Such a threat led the American producers,
until then dominant, to wodify their production processes: PHILCO totally
automated its production, FAIRCHILD chose relocation. The choice made by
PHILCO made it difficult to make changes in technology in an industry where
the life cycle of the product is known to be very short. Some years later
the firm had to abandon its semiconductors activity. Most wmanufacturers
followed che example of FAIRCHILD.

24, It was also Japanese competition which led the manufacturers of
television receivers to relocate. GENERAL ELECTRIC opened up a production
unit in Singapore in 1968, and a year later RCA established plants inm both
Taiwan and Mexico to manufacture or assemble television sets. 1In 1971 ZENRITH
followed the same route. At the same time the US Tariff Commission accused
Japanese manufacturers o’ dumping. This resulted five years later in the
implementation of the Orderly Marketing Agreement (OMA) which was simply a
system of quotas for importing colour television sets into the United States.
This procedure, which came iuto force in 1977, was to have a limited impact on
the industry, firstly because North American producers, all established
abroad, came under the tariff, and secondly because the Japanese firms had
meanvhile established themselves on the American market. SONY had set up in
California in 1972, MATSUSHITA bought QUASAR, the TV division of MOTOROLA in
1974, and finally SANYO bought WARWICK, the principal supplier to the SEARS
chain of shops, in 1976 (OTA, 1983, pp. 116-119).

25, In their relocation the North American firms adhered to the CLEE model
(cf. 1.1.1.). The low cost of labour was the crucial factor in their
decisions, apart from the fact of evading customs' barriers. In fact the
production units set up in Japan or in Europe should be considered as "tariff
factories”. Whether this is so or not after more than thirty years of
relocation the North American electronics firms had nearly 1% million
employees outside the United States (Table III-5) of which 39% are in
informatics and 25% in measuring and precision instruments (US Department of
Commerce, 1985). Europe alone accounts for 53% of these employees whereas
Latin America and Canada account for only 19%. It seems therefore that thesc
are tariff factories based on the CLEE model.

26. Clearly the intensification of world competition and the modification
of cost structures have resulted in an extension of the objectives and have
changed the strategies for the international segmentation of production
processes in the electronics industry (Michael McGRATH, 1988, p.l44),
international production makes it possible to increase sales significantly.
Thus, as shown in diagram 1II1-1, when the percentage of European saies is
plotted against the proportion of production in Europe of the North American
firms a high level of correlation is found. It can be seen that up to 207 of
turnover can be achieved in Europe with little or no local production, but
beyond this point local production becomes necessary. A firm like COMMODORE
is not just relocated but js also perceived as being autochthonous in West
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Germany or in the Uanited Kingdom. According to K. OHMAE such a
characteristic constitutes one of the conditions allowing a company to become
"triadic" (K. OHMAE, 1985, pp. 299-304).

Table III-5 : MANPOWER IN THE SUBSIDIARIES OF NORTH AMERICAN
ELECTRONICS FIRMS IN 1982

MANPGHER Total X Cmada Burope Japm lat.Mm. Asia Others
Office and general

informatics 339600 39.72 28900 220300 32600 24700 - -
Radio, TV and

comamications 187700 21.9% 9100 62700 10200 46900 51600 27600
Components and

accessories 106500 12.21 67200 33500 3600 5600 53100 9100
Measurement and

precision 21500 25.20 16000 135000 16600 27900 6400 46700

TOTAL electronics 847100 99.09 60700 451500 63000 105100 111100 181700

Software and informatics

services 7800 0.91 800 4700 0 - - -
OVERALL TOTAL 854900 100.00 61500 456200 63000 105100 111100 184000
ALL ACTIVITIES 664G200 12.87 913800 2766700 302000 1350600 526800 1384300

Source : GERDIC, from data from Electronic Business

Diagram I1I-1 : CORRELATION BETWEEN SALES AND MANUFACTURING
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27, North American firms were not the only omes to opt for relocation.
European and Japanese firms have been very active since the beginning of the
eighties, and the movement is becoming intemnsified. Table I1I-6 gives the
position regarding foreign electronics firms in the United States: two of
them, Philips and Matsushita, realise 54%, and most of thea have production
units in the United States. One can_see the significant share of these
groups on the North American market which was evaluated by the BEP as being
US$ 190.8 billion without software and automation systems and as US$ 240.5
billion by the EIC with these two branches included. This brings the share
of thc North American market held by the groups set out here to 18.6% and
14.7% respectively.

28, Initially concentrated on their own territory the Japanese firms have
subsequently been led to follow the relocation movement. Protectionist
tensions and variations im exchange rates have amplified the phenomenon.
Japanese electronics firms now have 501 establishments outside Japan, 82 (16%)
being in the United States, 61 (12%) in Europe and 279 (56%) in Asia. The
search for lower labour costs, which guided the first wave of Japanese
relocation, is still therefore apparent in these figures, It must, however,
be borne in mind that the 501 overseas establishments represent a negligible
number when compared with the 17,541 electronics companies listed in Japan.
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Table I1II-6 : THE ELECTRONICS TURNOVER OF FOREIGN GROUPS
IN THE UNITED STATES

RUEAARRRFRARBAERARARRARBERAERRRRATIIRRBRERED

Millions de dollars = 1986-87 % 1985-86 % »
RARNVPRRRNRRARRARRR AR R R R R R RN AR ER R SRR RRRRERRUREERAERRETERRERCEERER
# MATSUSHITA ] 6700 18, 86% 6520 17,76% =
= PHILIPS E ] 3993 11,24% 3430 9,34% =
* HITACHI » 3030 8,53% 2920 7,95% =
= NORTHERN TELECOM # 2860 8, 05% 2870 7T.,82% »
# SONY * 2634 7T,81% 2250 6,13% =
+ TOSHIBA * 2000 5,63% 1310 3,57% =
= NEC " 1948 S,a6% 1450 3,95% =
= SHARP *® 1600 4,50% 1460 3,98% »
» SIEMENS E » 1500 4,22% 1340 3,65% =
» JVC » 1335 3,76% 950 2.59% »
* MITSUBISHI * 1200 3,38% 1000 2,72% =
*  SANYO * 1200 3,38% 1200 3.27% =
= FUJITSU ] 1170 3, 29% 650 1,77%
= CANON L 1150 3,24% 1090 2,97% =
*» GEC E * 1100 3,10% 980 2,67% *»
+ CGE E * 865 2,43% 320 0,87% »
= OLIVETTI E * 835 2,35% 620 1,69% =
* SAMSUNG ELECTRONICS » 800 2,25% 550 1,50% »
*+ KYOCERA # 542 1,53% 485 1,32% »
» C.ITOH * 500 1,41% 500 1,36% «
# RACAL E * 475 1.34% 470 1,28% =
*= SCHLUMBERGER % 450 1,27% 900 2,45% =
+ TDK " 450 1,27% 430 1,17% =
= LEX SERVICES E » 442 1,24% 390 1,06% +»
#+ THORN EMI E » 430 1,21% 430 1,17% =
s THOMSON CSF E » 425 1,20% 300 0,82%
» ERICSSON E » 400 1,13% 310 0,84% =
# BAYER E L] 370 1,04% 0,00%
# ALPS * 325 0,91% 240 0,65% =
# PLESSEY E ] 280 0, 79% 260 0,71% »
# COMMODORE » 230 0,65% 360 0,88% «
*» BROTHER INDUSTRIES » 185 0,52% 138 0,38% =«
« BOSCH E » 180 0,51% 0,00%
¢ AEG E » 140 0,39% 100 0,27%
» MITEL » 139 0, 39% 130 0,35% =«
* NIXDORF E " 130 0,37% 130 0,35% =«
#  MANNESMANN E * 120 0, 34% 120 0,33%
» CANADIAN MARCONI » 98 0, 28% 110 0,30% =
X R R R R E R EEZ R EEEEEZEERXREEERZEEERZRESAEZEREZESEERENEZEXEER XN XA B X J
» TOTAL » 35531 100,00% 30193 82,24% »
» dont européennes ] 11685 32,89% 9200 25,06% «

REBARRARNARBRRA RN ARRARAERARBRRAERERRERERRERRRRARRRERRERAERARRBANRRRERRR

Source : GERDIC, from data in Electronic Business
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THE OVERSEAS ESTABLISHMENTS OF JAPANESE

Table III-7

ELECTRONICS FIRMS

Venia et
vl
ey

U
fot
sl
"

W

-—..-.».——--.--—-..------s-'.-.--.-'-.—---.-—----—--..-!------o.--v-..----'----..'--1-

M "
™ L}
M v
6 1
1] {
4] 4
p ]
[V} 3
| |
i 0
| {
| o
0 i
| i
’ |
] [0
| 1}
Ll- {
9 L
[ L
¢ |
\ "

“ Vs ol 34 9
s 20 atl 9y 9@
12 1 I 14 1]
¢ ] 9% L i
] 9 sl ¢ L2
¢ | W 9 S
! ¢ vl £ v
" 2 g s <
) ) i 0 i
't 14 S 0 e
4 1 | 0 0
v M b4 0 "
wl M L1 14} (]
1 S i ’ 1
¢ | GL } %l
{ " ol \ [
" | 9 } !
1 9] o4 g- z
A o ' $ 2
3 e 4 9 it
2 1 4] ) s
e z U] 4 |

vl
¥l

"~

€ o)

™o

o e O

-

1S
1)

12
1]
u

L -

™~

S6-08
I §¢-St
1 -
| 49-9y
1] S9-0S

3 S6-00
k4 $¢-St
| -0t
] L9-99
[ -5

M S8-03
0 -8t
| [ YU
| $9-99
0 e9-0C

L g

I- L4-08
H ﬁh:th
9 e G2
) 49-99
(s Sy-ug

Sajti Ip daqy
|€\0] puesg

-...---.-...—...-.-.-..-—-.—-.--..—-....---..--.-.---..-.-....-..---.-.--o-—-.-------.-—..-.-..-.-..-..

‘
'

'

'

'

'

)
[
[}

[

[}

[}

'

"

[

‘

1¢40} fo iy LAY
I I I O N N N TN NN R NN RN NN R NN R

Qe Py v PN HISY  noEQuEy
suhi) rquy  @nhy ey |e3o) sdajry  atsleey

W uenteg
-—-—-.---.--—.—-.--—-—--v-o-.-.--.--..-.'-—.-.----.-..va.-o.-

@j.17)

'
]

[

t

]

[

]

]

feyo]

[

]

2

3

(]

b9 . p Sudjd o
[}

t

[

)

]

3jUESO0v0)
(]

1 ]

[ ]

L}

[ ]

m ]
'

'

J.L. PERRAULT, 1988

.
.

Source




dVILITINI 1405 D10Y¥IHD : 93sno§

FILIWE T T UINVESTISSEUR ETRANGER T — °°
{ M WwORLD TRADE CORF
T T TRANITXEROX CLTD T
3 TEXAQ INSTRUMENTS INC
4 SFERRY RAND CORP
S WCR CORF

181 Jonen, Ltd

Fuj)i Xerowx Co., Ltd

Te:as lnestruments Japan Lty
Nippon Univaec Vaishae, Ltd
NCR Japad, LtY™"" =~ '

Lt e — . W - e

T

232

&V

O TTTUASGU RV LU T T Tt

EFFECTIF " "CRENTTON' "= CAPITAL '
ETRANGER

16740 JUIN §937 100

TTINIWT FEURTINET T T g0

4% ) MAL 190 100
A004 MARS (978 34

Yamatake-Honeywell Co., Ltd & HONEYWELL INC 41 3400 AQUT 1949 SQ
Yol ogawa-Hewlett-Packard, Ltd 7 HEWLETT PACHARD [ {V) Jneny SEPY 1963
Burroughs CALITLWE - —B°RURROUGHS " CORP-—— '~ —=—==== gU"' "~ ""24%0 JW‘“’I""‘"""""IO-.- .o
Toppan Moorea Co.., Ltd 9 MOORE CORP LYD : CAN "?0“ JUIN 19458 4%
Sumitomno M Ltd 19 MINMESDTA MINING & MFG CO (SM) L {T] 2000 DECE 196} %
Nikon BPTQJYFLAT EGQuUipment Corpd. 1T UTGTYRC EOUTPMERNT CORF TNTLY €U 18RO T8 PO = ="~
Olivetti Corp. of Japan 12 OLIVETT! INTL 8A (Lunembourg) 1y 1400 SEPTY 19461 0 110G
Hippon Motorola Ltd 13 MOTOROLA INC (1] 1300 JANV 1982 1V
Mipvon Avionics Co.. Ltd ° 4" HUGHES AIRCRAFT" CO™ - = EUT TT T O fISUTAVRTTIREST T T Ae T
Japan Business Computer Co. 1S NIHON=IBM K, ¥, | {8] 1170 AQUYT 1983 ¢3 34,73
Gadelius ¥, b, 14 GADELIUS AB SUE 1120 NOVE 1970 100
A tJapan), Ltd T ?TAMFOINGT TT T T TR Tt T RU TIO00 JUILTIISTT TTTTTT et T
New Japan Radio Co. 18 RAYTHEON CORP g]u 1000 SEPT 1929 30,9
Michiden Anelva Co.. Ltd 19 VARIAN ASSOCIATES IMC gy 1900 OCTO 31967 i1
Sonv/Tettroni: Corp. = CTUZOTTEMTRONIXTINCTT T T et gy T QO MARE 198YT T T T 80T
Harant: Japan, Inc. 21 PRILIPS OLOEILAMPEN. N.V, ] 846 MAY 194¢ 34
Wippon Data General Corp. 22 DATA GENERAL 1] 8y FEVR 197} L L]
Daiichl Dénshi Fogyo .M, ~~  2TFURFER REMO= ECTRACORF — €07 T T UTReTTOCTU TYRS T, 34
Ol 1 Univac Haisha, Ltd 24 SPERRY RAND CORF (1] 670 NOVE 1943 45,00
thppon Office Systems, Ltd 2% 1M JAFAN, LTD 4V} 416 SEPT 1982 00 3%
Hole:-Japan Co.., Ltd TTTT 26 MOLEX INC T T T TmoThm e ) &0 JUINTIIZG™T T T T e
Purndy Japan Ltd 27 BURNDY CORP (A7) 331 MAL 1943 80
r0l oqawa Medical Syslees, Ltd 28 GENERAL ELECTRIC pH Y Sl MAT 1782 o1
Tevyin Memore: Co.. Ltd 29 NIHON=MEMOREYX CO., LTD e gu Za0 'OECE 1978 84 77 © 4
Toshiba Electronic Systams, Ltd 30 GENERAL ELECTRIC (V] 460 JANV 1943 40
Intel Javar b K, J1 INTEL CORR, 7] 4TO AVAL 1974 o0
RS, Sonyv Group Inc. I2 CPS INC a ' ° &Y 441 HARG 1940 S
Simeo Seimitsu 33 LUCI1EM MEROZ st 426 IJMNNV 1963 (Y
Clectrolus Japan Ltd 34 ELECTROLUX SUE 42, JUIN 1979 100
Furukewa Fracision Engingoring "~ IS W.C. HERAREUS 'GMRH— " " "= “T'RFR™ ~7"='7 749" OCTO 19727~ % T
Japan Computer Science Co.., Ltd 36 SHINAN INVESTMENT HOLD!NOS 8A ' Lux 350 DECK 1904 12,9
Nihon-Memore: Co., Lto 37 MEMOREX CORP (7] 340 ADUT 1960 [
Momit Udmbda 370 T TVEETD T THS TRUMERTS T TRT {30 SITITIRNTE [
Cosmo 80 Co., Ltd 3% NISSEC LYD FAIRCHILD SC DIV. v EU 310°JUIL 1Y84 88 "' 20
tichicon Sprague Co.. Ltd ‘4 SPRAGUE ELECTYRIC tO ° B -{T] 310 SEPY je70 - 4,3
SnTraRd Tol.FTI"Corpt =" — AT AFJ OAXBY TRUESTAERT TO EAD ;mm ...Ir
181 Japan Sales Co., Ltd " 42 ‘IBM JAPAN, LTD YU ¢ e Ry TOQ JULIN $981 s, U 1007
Siemens bk, 43 SIEMENS ' AG PR et R g " 366" 0¢10 1990 T g3
STE=F~Y MEATERI SVECHR VT, 29 28 PR L L A ARLLY Tow
Furukawa Circult Foll Co., CEW ™™ &S YATER INDT “INGS vl vamwmnge g gy o Qugy gERT (WFOws Sy ey« v 7
Information Services lntl Dentiu 46 BGENERAL ELECTYRiC """ gl " 251 tece ‘1998 34

WIEBER FRIPERITT V. K~ — %7 SURCUMPERGER LB 100
Avx K, ¥, T 4R AVN GORP &IV e vy p gy ':nq"mr Y7 Y ey .
MME Somicoiductor Co.. Ltd T 49 PICTET !NleNATlONAL L ) " 230 AL ‘1eda” {7,807
MIVITe Rudlo To., CYa’ -1 - ' tov

; s T e g s e g e e S g e e
. _ Tomuhovkwue R T . L T+ RN L 1Y TR ’

S861 XMVINVL 1 1V SV NVAVI NI

dIHSITIVISI SRAId SOIRO¥IDITI INIAVIT Al4ild 3HI

8-111 219el

-
-

-1€1-




-132-

29. Symmetrically with the initially weak movement of relocation of
Japanese firms the level of foreign establishment in Japan was wmodest. The
fifty leading foreign electronics firms employed 78,900 person in 1985 (Table
I11I-8), hardly 6% of the 1.2 million employees in the electronics industry in
this country. Furthermore the 251 foreign subsidiaries in electronics listed
by GERDIC account for 88,300 jobs. It is obvious therefore that the movemsent
tovards globalisation of firms remains incomplete and, if the hypothesis of
K. OHMAE is verified, we are likely to see a very sustained expansion of
Direct Investment abroad. But this movement meets nationalist pressures, for
example in the United States, which could prevent it from taking place.

30. Irrespective of its degree of achievement this globalisation results in
increasingly large intra-firm flows. The 1982 Benchmark makes it possible to
retrace, in the United States and for the electronics industry, the trade
flows between the parent companies, their subsidiaries and the rest of the
world. This data is set out in Table III-9. It shows the wagnitude of
these flows which nov represent US$ 226 billion, from which are to be deducted
US$ 127b sold by the parent firms in the United States and which thus do not
enter into international trading. In total US§ 36b are exchanged within the
North American wmultinationals, or 26X of the US$S 140b worth of electronics
which were traded in the world in 1982.

Table I1I-9 : TRADING FLOWS OF AMERICAN MULTINATIONALS IN
ELECTRONICS IN 1982 (US$m)

Exported TO Parent Subsid. Other US  Other  Total (%)
FROM

Parent 16308 126936 8315 151559 66.9
Subsidiary 5272 14856 460 51100 71688 31,6
Other US 348 k) 0.2
Other 2984 2984 1.3
'TOTAL 8256 31512 127396 99415 226579 100.0
Percentage 3.6 13.9 56.2 26.2 100.0

Source : GERDIC, from US Department of Commerce, 1985

31. Progressively, with this globalisation of production, there is a
decoupling between the production of firms and their territorial base. In
Table I11-9a8 we provide a breakdown of the turnover of firms in the major
zones of the Big Three. With the exception of Europe, and despite major
trading deficits, the national production by nationals remains dominant (the
diagonal of the table) and in total practically a quarter of sales within the
Big Three are made by firms of a different nationality from that of the
purchasing country. As a proportion of the market the sales made by foreign
subsidiaries exceed 107 in all the zones, tending towards 15% in the United
States. It would seem therefore that there is a threshold, when one
considers the protectionist tensions revealed today.
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Table III-9a : A COMPARISON OF TERRITORIAL PRODUCTION AND LOCAL TURNOVER OF
FOREIGN FIRMS IN 1984 (in USX millionms)
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1.2.2. Cooperation in all directions

32. Duriag the sixties the joint subsidiaries with foreign firms had as
their objective a reduction in costs and so followed the proposals of the CLEE
model. Since the eighties the significance of these alliances has been quite
different, being essentially to affirm the competitive advantage of their
associates. Previously the coalition was tactical, that is to say that,
limited in extent and iu time, it allowed less costly and more rapid access to
the markets and the technology. Now it is strategic and links competitors ia
a structured manner (M. POTTS and P. BEHR, 1987, p.27).

33, Purchases or mergers, often preferred to cooperation, have come to the
fore since the beginning of the eighties. In the field of software and
informatics and services alone purchases had i.creased by 49X in 1985 in the
United States. The present wave started in 1382, finding its origin in
several events. Firstly the latent inflation of the seveaties resulted in a
considerable under~evaluation of assets. Then risk capital became in short
supply for new firms; this is why some of them sought buyers. Finally the
accumulated excess production capacities in numerous sectors led to mergers
between former competitors. In the electronics industry these mergers were
spectacular, Table III-10 shows some of these purchases in the United
States. The first four such mergers alone cost more than US§ 17b. But this
movement had been favoured in the United States by the macro—economic conmtext
and fiscal legislation. It is known, for example, that the 1981 Economic
Recovery Tax Act allowed North American firms to release very considerable
liquidities by aczcelerating certain amortisation procedures. Furthermore a
legal decision of 1935 removed the taxation of plus-values on the sale of
intangible assets; the latter is encashed by the seller and recorded in the
intangible assets of the purchaser who can then amortise it.

3. Parallel ‘.0 the merger movement there was a conside able phenomenon of
disiuvestment o: the part of certain firms. There were many reasons for
this: sowme were financial, For example assets had a higher sale value when
they were amalgamated with an industrial group or with a conglomerate. Once
again inflation had meant that share profits increased 1less than the
intangible assets. Then the almost disappearance of inflation led, in the
case of groups in debt, to difficulties in financing their growth by the lever
effect. This is why one observed the restructuring of older conglomerates
such as LITION. ITT, for example, sold 66 of its divisions up to 1984 and
then 19 during the first six months of 1985. TEXTRON Inc. sold four
companies so that it could buy AVCO, SINGER sold three of its electronics
divisions, etc.

35. In addition to the financial choices it was the checks to mergers which
often explained disinvestments. McKINSEY Consultants examined a sample of S8
acquisitions between 1972 and 1983: 32 of them did not provide a yield which
would wake the capital profitable, whilst 30 did not improve the
competitiveness of the group (S.E. PROKESCH, 1985, p.65): one acquisition out
of three is abandonned. Betwveen 1980 and 1984 the number of disinvestments
increased by 35%, becoming the effect and the cause of "mergermania”.
Observing acquisitions exceeding US$ 100 million in 1986 McKINSEY found
that 75% of the purchasers soon abandonned the new assets which had been
acquired. This figure was only 20% at the end of the seventies (J.H.
DOBRZYNSKI, 1988, p.58).

36, In fact wmuch of the value of the "high tech” companies lies in the
scientific potential of its engineers and technicians, . Thus at the
conclusion of an OPA it is frequently seen that the teams disperse towards
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competitors rather than remain in the bought-out firm: the purchaser has thus
purchased an empty box, often at a high price. More than half of these occur
in high technology sectors.

37. In 1983 the number of cooperations announced in the United States in
these industries was higher than all those previously announced in these
sectors. R.N. OSBORR and C.C. BAUGHN (1987) observed the formation of joint
Japanese/United States subsidiaries between Autumn 1984 and Autumn 1986.
They listed 189 of these, 67 being in the electrical and electromics
industries, divided up as follows :

Electrical and electronics industries 11
Telecomsunications 14
Precision engineering 11
Information processing 18
Software 4
Semiconductors S
Mechatronics 4

These relationships rest on the specialisation of the two partners and force
thea to respond to capital additions or in limited technology. If the older
alliances, in the sixties, depended on an asymmetry of resources of the
partners they are now concluded between companies of comparable technological
level. This explains why R & D plays an important role and why joint
subsidiaries, which show the desire to make cooperation last, are preferred to
licensing agreements. This also explains why joint subsidiaries where one of
the partners is American are more numerous in Japan and why more Japanese
firms than those of other countries form joint subsidiaries in the United
States (D.B. CHRISTELOW, 1987, p.l1l). Table I1I1-11 shows the fifty leading
joint subsidiaries established in Japan in the electronics industry,
classified according to the criterion of number of employees. It will be
seen that 84% nf the employees belong to subsidiaries in which one partner is
an American group; this confirms for the electronics industry the more
general observations of D.B. CHRISTELOW.

38. European firms have not ignored this movement towards cooperation.
Examination of a sample of 497 agreements involving European firms in 1980 and
1985 L.X.MYTELKA and M. DELAPIERRE (1987) found that scarcely 25% of the
agreements are concluded between European firms, whereas 54X of them are
established with North American firms, These geographical choices reflect
the search for partners whose technology is complementary to that of the
European groups: they also rest on the specialisation of the groups. By
contrast one also sees within Europe that very active mergers are being
effected including for example that between SIC and ICL or the purchase of
DATASAAB by L.M. ERICSSON. The European programmes have contributed towards
multiplying intra-European agreements but have not however modified the
opening up of European groups to the Big Three (Figure III-2).




-136-

Table III-10 : A SAMPLING OF RECENT MEGADEALS IN
THE ELECTRONICS INDUSIRY

A sampling of recent megadeals
in the electronics industry
Price peld
Buyesaiier (3 mulkons)
Generat Elecinc Co./RCA Cop. $6.260
Generat Mowrs Corp Hughes Awcratt Ca. £5000
The Signal Comparwes inciAlhed Com $4950
BMMCE Communcations Corp. (16%) $1000
MCt Commumcasions Comp/Satelite Business Systems $460
Oow Jones & CofTelerste inc. $460
Pucific Telesis Group/Communications indusines inc. $431
American Express Co/First Data Resources Inc. (remaining 25%) £239
British Telecommunications Pic/Mitel Corp. (S1%) 27
Ameritochirpphed Data Research inc. s
levesior Group (Welsh, Whitney)Mohawk Daia Sciences Com $180
(fve U.S business units)
Eastman Kodak Co/Nerdatim Corp. $17C
Sewvesior Group (Managemen)’ 7S
Times Minor Microwave Communications Ca.
Siemens AG/Telecom Plus insemadonal Inc. $14S
Sterting Sotware Inc.findormatics General Comp. $144
Continerxal Telecom inc.iAmerican Szieline Co. and $105
Space Communications Ca
Bell & Howell CofUniversity Microfitms nc. (evox uni() $100
Resources Inc./TRT Communications inc. $56
ATR T Communicztons Sateliite Com. $55
(50% of three Earth stations)
Continertal Telecom Inc APC Communicahons $55
Systems Designers intemational Pic/Wamngion Associzies inc $26
Attantic Research Comp SSystematics General Corp. $2¢
Nanonal Business Systems Inc JOEK Igentification Systems 13
{divisson of Mohawk Data Sciences Corp.)
McOonnell Douglag Information Systems Gvouu 32
Applied Research of Cambnage, U
Sovraes” The Catena Asgot. Ouasty Servioss Co




-137-

Table III-11 : JOINT SUBSIDIARIES IN JAPAN AS AT 1 JANUARY 1985
(Number of employees and date of creation)
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Figure III-2 : THE NUMBER OF INTER-EUROPEAN AGREEMENTS SIGNED
WITHIN THE FRAMEWORK OF ESPRIT
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NB : The diagram excludes pairs of companies having less than five projects
in common.

Source: L.K. MYTELKA and M. DELAPIERRE, 1987, p. 248

39. The relaxing of the anti-trust legislation has undoubtedly amplified
the wave of bilateral collaboration which we can see. However it would seem
to us that it meets a structural rather than an economic necessity: how else
are we to understand how NEC, the principal competitor of INTEL after
MOTOROLA, is also its leading client in Japan. Technical complexity demands
collaboration. But cooperation also makes it possible to evade those
protectionist national policies which prevent penetration of a market by
simultanecusly prohibiting acquiring enterprises there.
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1.3. Zooming in on the sectors

1.3.1. Informatics : the new datum

40. Since the beginning of the eighties evolution in the architectures of
information processing systems has accelerated with the convergence of
telecommunications and informatics and, also, the multiplication of micro-
computers in the field. The highly centralised systems have had to evolve
rapidly towards a distributed architecture, at the same time demanding the
establishment of communications networks. The producers of computers
experienced many difficulties in satisfying the new needs of the users in
regard to connections, integrated applications or coexisting interfaces. The
principal cause of these problems was the absence of communications standards,
and all manufacturers therefore attempted to develop and to promote the Open
Systems Interconnection (0SI) standard.

41, The formation in 1984 of an informal association of twelve European
manufacturers, the Standard Promotion and Application Group (SPAG) stimulated
the development of the standardisation work undertaken by the International
Standards Organization (ISO). It was as a result of an IS0 initiative that
the seven-layer structure or 0SI was published in 1978. In response to the
European initiative all the major North American manufacturers joined to form
the Corporation for Open Systems (COS) in order to implement the OSI standard.
Finally in 1985, on the initiative of MITI, the Japanese industrialists
created the Promotion Conference for OSI in Japan (POSI) (E. DE ROBIEN, 1987,
PP-224-226). The desire for standardisation of interconnections resulted in
one further step being taken by the European manufacturers when they created,
in December 1987, the European Workshops for Open Systems (EW0S), a federation
of standards bodies. Simultaneously in the United States the American
Workshop was created around the National Bureau of Standards whilst in Japan
the Asian and Oceanian Workshop was created around POSI (P. DE LAUBIER, 1988).

(42) 43, This active search for standardisation arose from the techno-
logical evolution of micro-computers. For example a multi-user micro-
computer, designed around a Motorola 68000 or 80286 microprocessor, such as
the Series 1000 of Areta Systems, can carry out the same tasks as DEC's
VAX 780 mini-computer at a purchase price of under US$ 100,000. Using the
UNIX operating system these machines can also avoid the cost of developing new
software, since they can use all the UNIX compatible applications programs.
The arrival of the 32-bit micro-computers, built around the Intel 80386 and
Motorola 68030 microprocessors, have extended the usage of these systeams.
For the manufacturers this means that, in the future, the use of wmulti-
supplier informatics installations (that is to say equipment grouping together
units from various;pggducerss vill be the general rule. As a result clients
demand flexible and universal interconnections to link their work stations
together or to link them to the major systems, Open (and universal) Local
Area Networks (LANs) will provide the competitive challenge.
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44, Technological evolution has transformed information processing
equipment into a "product™ which buyers can purchase at wmoderate prices and
install in such a way as to meet their needs. One of the principal

characteristics of informatics will thus disappear since, before the
proliferation of wmicro-computers produced in long rums, each manufacturer had
his own systems architecture and his own software. After having bought the
hardvare from a manufacturer the site was "locked in ", since software and the
peripherals added to the system could not be transferred to another machine.
Obviously the manufacturers obtained their margins on these two classes of
product, and a producer dorinant in central processing units could establish
his de facto domination in peripherals and software. Examination of the
results of informatics groups in 1987 shows this older state of affairs since
there is still, in the case of manufacturers of universal computers, some
proportionality between the market shares held in each of the three fields of
mainframes, peripherals and software. IBM, Unisys, Fujitsu, Bull or STC (ex-
ICL) are present in each of these fields (Table III-12). By choosing small
systems the users can avoid getting "locked in" in this way.
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E POSITIONS OF THE TWENTY LEADING WORLD GROUPS IN

INFORMATICS BY MARKET SEGMENT IN 1987
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Table III-12

(Informatics turnover only)
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45, The massive diffusion of micro-computers has reduced informatics to an
industry of fairly ordinary goods and has re-int duced competitioan through
prices. Since the sales of micro-computers represent a growing proportion of
their income the producers of universal computers are becoming vulmerable.
Without being in danger IBM presents deceptive results: an increase of 5.9%
in 1987 with a reduction in net profits of 18% in the second quarter of 1988
because of the restructurings undertaken. Firms who had developed their won
software attempted to acquire expertise in communications by buying
independent software companies or by collaborating with them.

46. Despite the major price reductions on its Personal Computer (PC) IBM
has not been able to maintain its market share which, according to Dataquest,
fell from 71% in 1984 to 34% 1986. In order to keep itself aloof from a
market which it was failing to master the Armonk company was forced to put
forward a PC, the PS/2, which was difficult to imitate and which runs under
its own operating system. Delivered from 1987 onwards, in its Model 80
version, the PS/2 has brought with it an increase in the market. The
determination of IBM to stem the rise of compatibles for this model is clearly
shown. The company has compatibility tests which allow it to discover the
"clones" which infringe its patents. However the growth of the market and
the need to develop new applications has been such that IBM has had to grant
production licences to competitive firms such as TANDON. However users are
refusing to tie themselves to a single manufacturer, the more so since
competitive firms, such as COMPAQ, have for a long while been offering 32-bit
machines which are perfectly compatible with other PCs running under MS-DOS or
UNIX.

47. Within this context the dominant producers have been led to accelerate
technological progress, to shorten the life cycle of their products and to
define rapidly the standards for interconnection. Firms with their own
standards, such as DEC, IBM or APILE, have resisted standards which would have
opened up their systems and subjected them to the same levels of competition.
This has led to some rapprochements, such as DEC-IBM and DEC-APPLE, to try to
integrate the hardware of one into the systems of the other. With the low

margins inherent in hardware competition will be increasingly exercised in
software and, above all, in networks and network nodes (C. LEWIS, 1987, p.84).
For 1IBM, as for the other producers of universal computers, the challenge
involves transforming their machines into the leading unit in the network of a
company.
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Figure III-3 : THE STRUCTURE OF THE WORLD INFORMATICS
MARKET IN 1987
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1.3,2, Software : consolidation
48. The market for software and informatics services is directly subject to
the restructurings operating in informatics, Users are 1looking for

integrated applications programs which preserve past investments by proving to
be compatible and of offering interfaces suitable for the user. The wide
variety of the hardware makes it necessary to take different processors and

different architectures within heterogeneous networks into account. The
transparency of systems is far from being achieved but two prospects are open
to the industry, Firstly there is the development of architectures which

provide interfaces for applications with a very wide range of other machines:
secondly there is the development of architectures which facilitate horizontal
connection between the computers in a department, The constraints are of two
orders: perfect compatibility with the standards of the Integrated Services
Digital Network (ISDM) and those of the 0SI (cf 1.3.1.). The increasing
complexity of the software offered leads to a revision of the marketing
structure of the sellers which has to be at the same time vertical (by type of
user) and horizontal (by techmnique).

49, This trend has resulted, in many cases, in marketing costs becoming the
largest item in the expenditure of informatics integrated services suppliers,
including R & D, Thus when LOTUS lsunched its SYMPHONY applications program
and its new version of 1.2.3, the marketing costs accounted for 20% of the
turnover, Failing this the product would not be integrated into the
worldwide network of retailers. As in informatics software becomes a
product, no longer remaining a minor technological marvel and not excluding
television spots. Parallel to this providing training and information for
retailers demands rising budgets. The market becomes organised and the sales
directors try to enlarge their portfolios of products from the dominant
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companies so as to maintain their growth when their classical software reaches
its stage of maturity.

50. New difficulties are accumulating for this industry which developed in
the seventies as a result of the establishment of new enterprises (ASHTON-TATE
was founded in 1981). In the United States the retirement funds which had,
until the present time, provided a regular source of risk capital, evaporated
after the stock market crash. The creation of young companies risks being
limited by this phenomenon whilst, at the same time, firms with private
capital were obliged to defer their entry onto the stock market. This leaves
firms little choice between leaving the industry, being bought out or merging.
This movement is now in operation; since the first nine months of 1987 there
vere, in the United States alone, 65 mergers or acquisitions in the software
and informatics services industry, totalling US$ 1.78 billion, and this has
accelerated in 1988: Thomson-CSF has bought the SII Division of DUN &
BRADSTREET, CAP GEMINI SOGETI has launched an OPA on the largest firm in the
field, DATALOGIC, and has bought 51X of the capital of SESA, 367 of that of
CISI and 28% of that of CAP GROUP, whilst WANG has acquired GIS.

51. From their side the hardware manufacturers are seeing their hardware
margins collapse whilst succeeding in maintaining them in software.
Furthermore the software makes it possible to differentiate systems between
the machine producers and also to distinguish the latter from the Independent
Software Vendors or 1SV. Further examination of Table III-12 shows the
relative weight of the software turnover of the major firms: 13.5% for 1BM,
13.3% for UNISYS and 6% for BULL. And these figures do not take into account
those services covered by the heading "Others": if these are taken into
account the ratio is 15.2% for IBM, 26.1% for UNISYS, 10.5% for NCR, 14.5% for
WANG and 33,5% for CDC. Analysts forecast that the software income of the
principal computer manufacturers should increase by 20% to 30% per year until
the start of the nineties (M.J. FOLEY, 1988, p.86). This is a challenge for
companies structured to sell hardware and this is why they are tending to
cooperate with the ISV rather tham to accentuate the competition with them.

52. The relations between IBM and Microsoft show clearly how micro-
informatics has demanded strategic revisions on the part of the manufacturers.
Now offering integrated solutions to the users they are gradually becoming
"producers of services”. To do this they must multiply their alliances,
which can take different forms. Some consist of exclusive distribution
contracts, such as the IBM-HOGAN SYSTEMS or DEC-NCR agreements, Others opt
for marketing agreements such as that between HEWLETT-PACKARD and COMPUTER
SOLUTIONS, or for informal arrangements. Seeking lasting relationships the
manufacturers have often been tempted to purchase these informatics services
firms, but as we have already seen this is a risky choice in high technology
because of the high turnover rate in personnel. The services companies are
themselves regrouping in this way, with MICROSOFT purchasing FORETHOUGHT and
ASHTON-TATE acquiring DECISION RESOURCES, The double movement of agreements
and mergers is thus the operation which should lead to a defining of the still
very competitive industrial structure of this branch (Figure I11I-4).
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Figure I1I-4 : STRUCTURE OF THE WORLD MARKET FOR SOFTWARE
AND INFORMATICS SERVICES IN 1987
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1.3.3. Telecommunications : the challenges of ISDN

53. The deregulation of ATT in the United States in January 1984
established a kind of reference point for the telecommunications industry.
Its effects, which it is still too early to evaluate fully, have above all
been to introduce competition through prices in telecommunications equipment
and to accelerate the establishment of the Integrated Services Digital Network
(1ISDN). When completed the ISDN will make it possible to transmit digitised
images, speech and data simultaneously. The interfaces must naturally be
defined by way of global standards on which the ITTCC (CCITT) is working.
Many manoeuvres are taking place around the ISDN and Bell Operating Companies,
the former local ATT operators, are acting very vigorously. From its side
ATT is trying to adapt its numerical 5 ESS switching unit to the ISDN: the
first test was carried out in Chicago in 1986. The European giants in their
turn are trying to profit from the advance offered to them by their national
telephone organisations: most of the European constructors (Siemens, Philips,
Ericsson and Plessey) have had prototypes since 1985.

54. The frenetic activity of the groups concerned with this project is
explained by the collapsing of further growth in the public and private
switching market, In order to face up to this situation the groups came
together, Northern Telecom enlarged its range of transmission equipment by
creating a joint subsidiary with Standard Telephones and Cables (STC) which it
bought with the General Electric Company (GEC). Furthermore Plessey bought
the American Stromberg-Carlson company which opened the United States market
to it. Siemens AC. after having bought Transmissionn Systems from GTE in
1987, acquired a shareholding in the British Northern Talecom firm. Finally,
and more spectacularly, the transfer of the telecommuni-:ations branch of ITT
to CGE in 1987 shows the tensions operating on this market. The
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multiplication of agreements and alliances, foreshadowing an imminent
restructuring, is thus even wmore characteristic of this branch than those
discussed above (Table II1I-13).

55. IBM itself has not ignored this shift towards the intelligent network.
In June 1985 it purchased 40X of the shares of Satellite Business Systems
(SBS), an activity it lacked. Then it acquired 262 of the capital in MI,
the priancipal competitor of AIT in long-distance communications. It
transferred SBS to MCI, after having cleared its debts. Simultaneously it
signed agreements with Siemens AG or L.M. Ericsson to develop interfaces
between its computers and their respective switching units. 1In addition, and
vithin the framework of agreements with United Telecommunications Corporation,
and obviously also with MCI Communications, it worked on defining software for
the nodal points, that is to say the nodes of the networks which would contain
the databases for the value added networks which will be offered either by the
network operators or by independent firms. However the transfer in July 19788
of 1IBM's shares in MCI indicates a withdrawal by 1IBM from the
telecommunications field (but not from the networks) in order to reinforce it
positions in informatics (cf. 1.3.1.).

56. Following in the track of the ISDN the semiconductors industry is
expecting considerable returns. Most manufacturers offered prototype
semiconductors in 1985 or 1986. It is true that telecommunications represent
207 of the world market for integrated circuits and the semiconductors/ISDN
segment is promised a high rate of growth; it had already trebled in the
United States between 1982 and 1985, reaching US$ 1.6 billion. AIT has
already signed agreements with MOTOROLA for a circuit capable of controlling
certain network management functions. With an initially high cost these
circuits should fall from a price of US$ 25 to about US$ 1.5 under the effect
of experience,
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Table III-13 : A BLOSSOMING OF AD HOC AGREEMENTS FOR -
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57. The telecommunications industry, which in the eyes of many observers is
insufficiently concentrated, needs to be restructured. In public switching
units this phenomenon has begun. Thus GEC, Plessey and STC have coame
together to develop System X, whilst GTE and ITALTEL are working together on
the Proteo UT-10. There is a progressive oligopolisation of the supply.
There is even a move towards a duopolistic structure of the major markets
(ATT-Northern Telecom in the United States, Plessey-Fricsson in Great Britaim
and Siemens-SEL in West Gersmany). According to G. DANG NGUYEN the
telecommunications industry has, after a long phase of immobilisation, begun a
major restructuring. The establishment of the ISDN means for the European or
Japanese (NRR) telecommunications bodies an anti-deregulation arm which makes
it possible to avoid competitive anarchy. But the manufacturers are seeking
to expand into external warkets whilst still hoping to maintain their
privileged links with their national operators (G. DANG NGUYENW, 1987, pp.35-
36). It is within this context that the alliances will be consolidated or
denounced, in the latter case leading to a multiplication of mergers which are
preferred to fragile alliances.

Figure I1I-5 : THE STRUCTURE OF THE WORLD TELECOMMUNICATIONS
MARKET 1IN 1986
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1.3,4. Mass Consumer Electronics (MCE) : new prospects

58. At a world level the principal MCE firms are Japanese, Matsushita is
the world's largest firm; its turnover in mass consumer electronics products
represents 16% of the total 1986 turnover of the fifty leading firms in the
branch (Table II1-14), It is followed by Philips with a turnover which is
less than half of Matsushita's, Out of the ten leading firms in this branch
seven are Japanese.

59. The leading firms are principally from the developed countries, but the
table shows that there are six firms in the newly industrialised countries.
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Three firms in South Korea have honourable positions amongst the fifty leading
firms of the branch: LUCKY GOLD STAR in 17th position, SAMSUNG im 20th
position and DAEWOO in 27th position. LUCKY GOLD STAR wmanufactures mass
consumer electronics products, and has introduced new technmologies im its
domestic electrical appliances. SAMSUNG is a coanglomerate; 10X of its
turnover comes from mass consumer products. The domestic informatics branch
was one of the entry routes into production in the electromics braach for
firas in the developing countries in the sixties and seventies. The high
level of competition at world level, and the automation which brings with it
the necessity of manufacturing in long production runs, form increasingly
major barriers to entry for these firms.

60. The firms in domestic informatics are those firms operating in mass
consumer electronics and also in domestic electrical appliances, because of
the increasingly frequent imtroduction of electromnic components in household
appliances. The domestic electrical appliances industry therefore represents
a vast market for electronic components such as microprocessors, clocks and
sensors (cf Chapter V). It is estimated that between 1.5 and 3 milliom
domestic electrical appliances use some type of electroaic control; in 1987
this only represented 5% to 10% of all such appliances.

61. The juxtaposition of different productions is not organised in a random
manner, certain industrial configurations being much more frequent than
others. The first configuration is specialisation in mass consumer
electronics products: this is the case with some of the Japanese firms such
as SONY and PIONEER. The second configuration is specialisation in domestic
informatics, the coming together of mass consumer audio-visual products and
domestic electrical appliances within the framework of firms resolutely
orientated towards the mass consumer market, such as GENERAL ELECTRIC. The
third configuration is that of firms engaged in different segments of the
electronics segment, such as SHARP, which produces office equipment and mass
consumer products, and CASIO which is orientated towards informatics. The
fourth configuration is the diversification of firms in the electronics
branch. These firms, such as Philips and Thomson, manufacture professicnal
or military electronics products as well as mass consumer products. Finally
the fifth industrial configuration which one finds in domestic informatics
firms is that of diversification in other branches of activity such as
automobiles. This is the case with GENERAL MOTORS, BOSCH and FORD, and
generally involves American firms,
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Table III-14 : MASS CONSUMER PRODUCTS :
TURNOVER IN US$a in 1986
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62. Since the middle of the seventies there has been, in world domestic
informatics, a concentration of world production in Japan which has resulted
in mergers of firms in other countries such as General Electric and RCA,
Telefunken and Thomson, and then the MCE Division of RCA was sold to Thomson.
Finally there was the emergence of firms in the newly industrialised

countries, essentially South Korea and Yugoslavia. These manoeuvres have
taken place whilst the products of domestic informatics are becoming more
complex and addressed to more sophisticated buyers. The colour television

receiver, once standing solitary in the middle of the living room, has become
an audio-visual product integrated with the video recorder and able to become
a Teletext terminal. Simultaneously the sustained fall in the prices of
semiconductors with improvements in their performance offer to the MCE
producers an opportunity for growth by offering new products as promising as
television in the sixties or the video recorder today. It is also an
opportunity for European and North American producers, shipwrecked by the
Japanese offensives.

1.3.5. Components : the major upheavals

63. The components industry is largely dominated by the Japanese manufac-
turers; amongst the fifteen leading firms one finds nine Japanese firms, five
American firms and only Philips to represent Europe. The characteristic of
the components market is that it is concerned with intermediate products for
the electronics industry which can be used by a large number of downstream
branches. Table III-15, which gives the turnovers in compoments, is not
therefore sufficient to indicate to us the real dominance of the firms. To
obtain an exhaustive view of the semiconductors market it is necessary to be
able to estimate the captive market of all the users.

64. 1f one is interested in the market for semiconductors (which represent
about half the components) it can be seen from Figure I1I-6 that the American
firms are more present on this market than appears from Table III-15. In
fact IBM is the largest producer of semiconductors with a captive production
(11X of the market) and ATT holds 4%, but observation of the commercial market
alone shows just how the Japanese firms have iecently upset the structure of
the world market (Figure III-7).
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Figure II1I-6 : THE STRUCTURE OF THE 1985 WORLD MARKET
FOR SEMICONDUCTORS (including captive productions)
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65. The components industry, because of its diffusion through all the
branches of the electronics industry has therefore a primary strategic
character. Amongst the structural characteristics of this industry

(particularly that of the semiconductors) must be noted the magnitude of the
research and development effort and its increasingly capitalistic_character
and hence the necessity for international alliances between enterprises.. 1In
an industry characterised by an extremely sustained rate of innovation the
level of R & D expenditure is one of the most important criteria of
competitiveness. In an international environment which favours the diffusion
of innovations, and hence equally the accelerated obsolescence of generations
of products, R & D in the fields of the technology of products and production
processes functions as an increasingly constraining barrier to entry: the
international market for semiconductors is today structured around the major
groups, essentially in informatics and electronics. Access to the technology
is thus essential for any firm wishing to retain an important share of the
market or even to survive. The strategic character of research and
development makes it possible to understand the alliances between cowmpanies
which are necessary in it and the concentration which results therefrom. In
effect mastery of technical innovation is not sufficient to ensure that an
enterprise holds a dominant position. In a context where protection by
patent or copyright is not sufficiently effective these alliances make it
possible to delegate the task of meeting the demands of clients whil'st
concentrating on the ongoing innovation of the partners.
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Table III-15 : 1986 TURNOVER IN COMPONENTS in US$ millions

. G “FIAMES PAYS | COMP. | % 10T | “% CUM |% LEADER
1|MATSUSHITA JAP 3100 5] 5 100
2|PHILIPS PB 3000] 5 10 97

) 3|NEC (SUMITOMO) JAP 2800 5 15 90
4|TOSHIBA (GE) GAP | 2600 19
S|HITACH! JAP - 2300| 23
6|TOK JAP 2280| 26] 74
7{TEXAS INSTRUMENTS  [USA 2070] 3 30| 67
slFuartsu AP 2000] 3l 33[ 85
9| AMP/PAMCOR USA 1900] 3] 36 61

10|ALPS ELECTRIC JAP 1800] al 39 58
10|MOTOROLA (USA 1800] 3] a2 58
12|GE-RCA USA 1400{ 2 44 45
13|KYOCERA JAP 1300) 2 46, a2
14|MURATA JAP 1200) 2| 48] 39
15{3M ‘ USA 1100| Z 50 35
15|SIEMENS A 1100 2 52 35
17}INTEL (IBM) USA 1000 2 54| 32}
17|MITSUBISHI ELECTRIC  {JAP 1000 2 55 2
17|NS 2. USA 1000| 2 57 32
20|OMRON TADE! - JAP 950] 2 58 kX
21T USA 900] 1 60 29
21|THOMSON - FRA 900| 1 61 29
23[SHARP JAP 850} 1 63 27,
24|RAYCHEM USA 800] 1 64 26
24{SAMSUNG COR 800] 1 65 26
26|BASF. 740] 1 67 24
27|BAYER AGFA RFA 700 1 68 23]
28|AMD (SIEMENS) USA 620 1 69 20
29|EATON USA 600 1 70 15
29{LITTON USA 600 1 n 19
31|FAIRCHILD S-C (SCHL.)(1) [USA 500 1 72 16,
31|GEC GB 500] 1 72 16
31{MITSUMI JAP 500 1 73 16
3110K) JAP 500 1 74 16
35{LPL (1) USA 390 i 75 16
36|ROHM JAP 270 1 76 15
37|FUTABA JAP 400 1 76 13|
37|NIPPON CHEMICON JAP 200 1 77 13
37{PENN CENTRAL USA 4C0 1 78] 13)
37| mw USA 400 i 78 [K)
37|VARIAN USA 400 i 79 13
37|WESTINGHOUSE USA 400 1 80| 13
43| IR iTA 380 1 80 12
44 MOLEX [USA 350 ] 31 (K]
44]WESTERN DIGITAL [USA 350 1 31 11
46|GENERAL MOTORS [USA 300 0 al 10
46/GOULD (1) USA 300 0 81 10

. 46|HONEYWELL (1) [USA 300 0 82 10

48|LUCKY GOLD STAR COR 300 (il a2 10
46|SEIKO JA 300 o1 39 0
. TOTAL 51150 a4! 1650

Source : Thomson, 1987, p. 33.
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66. As far as manufacture is concerned the semiconductors industiry fifteen
years ago was a labour-intensive industry, which explains the investments by
American groups in countries with low wage rates for the assembling and
encapsulating phases (cf. 1.2.). Since the beginning of the eighties the
Japanese and North American enterprises have rapidly become automated so as to
improve the quality of their products and to reduce production costs.
Furthermore, taking advantage of the synergism between the semiconductor
activities of certain groups and their activities in the field of automation,
they have installed flexible assembly systems. In this way they improve
their productivity and test their production equipment on actual sites.
Amongst the electronics groups which use their own automatic equipment may be
cited IBM, General Electric, Hitachi, Toshiba, Mitsubishi Electric, Fujitsu

and Matra. The semiconductors industry thus becomes increasingly
capitaiistic, which contributes towards increasing the financing needs of the
producers and constitutes a considerable barrier to entry. It is in fact

estimated that the investment needed to generate US$S 1 of turnover has
increased from US$ 0.2 in 1972 to USS 0.5 in 1982,

67. The success of the Japanese firms is explained by their mastery of
these variables, whereas a mere ten years ago the American domination was
crushing. The Japanese firms have upset the structure of the world market by

capitalising on their competitive advantages. Their integration is very
intensive, and the manufacture of semiconductors does not account for more
than 20%Z of their turnover. Furthermore they give priority to productive

investments (automation, imncreasing productivity and quality). They choose
their branches of activity with the greatest precision, preferentially opting
for the mass markets rather than the high value added technological "niches"”,
Belonging to financial groups they can finance themselves by long-term
indebtedness to a higher degree than their American competitors. Finally
their policy of international alliances allows them, by depending on their own
competences, to acquire product technology and to obtain direct access to the
North American market.

68. In addition to the new domination of the Japanese groups the world
semiconductor industry is subject to erratic variations in exchange rates.
In an industry where price wars are very intense in standard products this has
led to producers sometimes abandoning their foundries, that is to say the
production units in which the semiconductors are manufactured, and to prefer
to limit themselves to the design of circuits or the production of masks.
Many young firms in Silicon Valley are limited to circuit design, so lowering
the entry barriers to this industry: the cases of Vitelic Corp. or Xilinx
Inc may be cited. Today the principal North American manufacturers are
following this example so as to gain some flexibility in respect of the major

fluctuations in the demands made of them, Firms such as Advanced Micro
Devices (AMD) or National Semiconductors (NSC) admit to having recourse to
subcontractors. In the case of Intel, the microprocessor manufacturer, the
amount of production which is subcontracted is evaluated at 20-30%; the same
figure applies to Motorola (Electronic Business, 1.3.1988).

69. Such a practice is not really new, In the case of assembly, which is
admittedly a much less complex operation, many Asiatic enterprises have
developed as suppliers to North American clients. It is estimated that there
are about thirty subcontractors in Korea, the Philippines and Hong Kong which
assemble American circuits: a quarter of this production passes through their
hands. At the present time this applies not just to assembly by also t»>
foundry operations. The market is not negligible, since invoicing from
subcontracting or independent foundries teacheg USE QZOm in 1982 and should

reach US$ 1.2b in 1988,
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These foundries are mainly Asiatic: for example Hyundai Electrounics in South
Korea and NMB Semiconductor in Japan manufacture chips for Texas Instruments,
whilst Intel subcontracts its circuits to Samsung Electronics and to
Mitsubishi Electric. It is, without any question, the South Korean producers
who profit most from these opportunities. Very often they prefer a
subcontracting agreement to a licensing agreement on which they have to pay
royalties. According to Korean executives operating a foundry makes it
possible to regulate aud stabilise the production technique more rapidly.
The Japanese firms also profit from the movement, and the agreements between
Seiko Epson and Xilinx and between Sharp and Waferscale Integration may be
cited. In both cases the American firms have had to divulge their
technology. Profiting from this opportunity independent foundries such as
the Taiwan Semiconductor Manufacturing Company, established in 1986, have
appeared. These forms of subcontracting relationships are being grafted onto
the other forms of agreements signed by industrialists and make the network of
coalitions, within which some are lasting and some are not, extremely complex.

1.4. CONCLUSIONS

70. With the eighties a period of profound restructurings in the
electronics industry was initiated. In all the branches technology had led
to a major turning-point in terms of marketirg or research. Simultanecusly
barriers to entry and to mobility seem to have been raised up, 1leading
companies to engage in two approaches. Firstly recentring is found to be
necessary for financing the new technological orientations and growth, The
traditional electronics firms had acquired companies, as a result of the
profitability of their activities, from a financial standpoint, or t.~y may
not have known how to chorse a "metier"”. In both case:, as is showu by the
spectacular examples of Thomson, General Electric-RCA or ITT, reconversions
are necessary. But recentring is not sufficient to valorise a competitive
advantage. Complementarities exist with other companies, requiring the
multiplication of alliances and coalitions throughout the world. This is why
one can see all the market structures tending towards oligopolies with,
however and fairly frequently, an important competitive fringe, the market
power of which remains negligible.

2. THE NATIONS : THE BREAK-POINT

2.1, THE GEOGRAPHY OF WORLD ELECTRONICS

2.1,1. Production : a reflection of industrial strategies

71. At the end of the Second World War the North American electronics
industry hed acquired an undeniable superiority. Largely dominated by the
production of ecivil or military equipment goods, underpinned by major
financial or research resources and unequalled governmental support, the North
American electronics industry accounted for 80% of world production.
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Table III-16 : ELECTRONICS PRODUCTION IN TH:: PRINCIPAL
INDUSTRIALISED COUNIRIES (US$ millioms)

1957 % 1962 %
Etats-Unis 12 560 5 16 300 73.1
Japon 620 3.7 1 600 7.2
R.F.A. 1 130 6.7 1 200 5.4
Royauwne-Uni 1130 6.7 1 300 5.8
France 590 3.5 1 050 4,7

Canada 480 2,8 450 2
Italie 240 1.6 380 1.8

Total 16 750 100 22 280 100

Source : GERDIC d'aprés le Conscil Economique et Social, 11966.

Figure II1I-8 : GEOGRAPHICAL DISTRIBUTION OF 1986 ELECTRONICS
PRODUCTION (excluding COMECON)
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Figure III-9 : GEOGRAPHICAL DISTRIBUTION OF 1986 ELECTRONICS
MARKETS (excluding COMECON)
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Figure III-10 : GEOGRAPHICAL DISTRIBUTION OF EMPLOYMENT IN THE
ELECTRONICS INDUSTRY (1984-1985)
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72. However the magnitude of the relocation of North American firms and the
industrial policies carried out in Europe or Asia have overturned this
territorial hierarchy. Despite the maintenance of considzrable dependence on
the United States in certainm fields, Europe had acquired honourable positions
in sheltered sectors such as telecommunications or wmilitary applications.
Japan, by contrast, organised concentration on the competitive sectors of mass
consumer electronics and then active components, Finaily the establishment
of foreign firms in Asia or Latin America gave these zones a role which was in
no sense commensurate with the size of their national productive apparatus.
Nevertheless these establishments have allowed the development of local
industrial structures within which are juxtaposed national small and medium
sized enterprises, foreign groups and, sometimes, national groups as im South
Korea, India, Brazil and Taiwan.

73. This technological catching-up had upset the hierarchy of the nationms,
and whilst the European countries individually held positions which were more
fragile than at the end of the war the European Communities accounted for more
than 20Z of world production. Having arrived at second place in the world
electronics industry in 1961 Japan has subsequently maintained that position
and produced in 1986, on its own territory, more than 22% of world production.
The United States remained the leading production zone in the world, but at
43% this represents a major regression as compared with their position in the
fifties (Figure II1I-8).

74, Employment is not strictly proportional to production because of inter-
sectorial differences in labour intensity or productivity. Thus the
electronics industry in the EEC employs about 25% of world manpower but only
realises 21% of the production. 1In Japan, by contrast, only 20% of the world
manpower is employed for 22% of the production. Productivity and labour
legislation partly explain this difference. But, in particular in the case
of the Newly Industrialised Countries (NIC), it is the variations in the
combination of production factors which explain the major difference between
the structures of employment and of production. Finally it is clear that the
quality of specialisation is not neutral, as is shown by the case of the
United States where 30% of the manpower produces 43% of world production. It
is the high value added products which make up the North American production
since much of this is either military or informatics electronics. An
analysis into principal components (APC) makes it possible to visualise the
types of specialisation of the different nations, After having introduced
the data on the structure of production of thirty countries in 1986 (Annex A3)
a typology of the territories appears very clearly. The active variables are
the relative weights of each branch of electronics in the production of a

country; the individuals anu the countries. The first two pairings are
represented on the diagram for the individuals and for the variables (the APC
data will be found in Annex D). Those countr.es with a highly imbalanced

structure of production are immediately apparent. The Philippines, Malaysia
and Thailand have productions dominated by active components: only Thailand
has a significant MCE pole. Ireland benefits from a very considerable
production of informatics hardware which exceeds 60% of its electronics
production and differentiates it from other nations. Then comes the group of
four Asian NICs, with Singapore slightly separated because informatics has a
weight more proper to that of the industrialised countries, Taiwan, Hong
Kong and North Korea have a structure dominated by MCE and active components,
Korea and Indonesia are distinguished by the weight of .elecommunications.
In the industrialised countrie3s, more specialised in high value added
products, the structure of their production depends mainly on the existence or
not of 2 military-directed industry or a telecommunications pole (see Annex
A3),
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Figure III-11 : ANALYSIS INTO PRINCIPAL COMPONENTS OF THE
STRUCTURE OF PRODUCTION
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2.1.2. Markets and trading : factors for tension

75. Markets and productions are dominated by the major pole of informatics
and office informatics which accounts for 28% of the whole, and accepting that
software and services are not included in the BEP statistics. According to
the EIC software and services would represent 12X of the whole. The two
other major poles are military/communications and passive coaponents (Figure
I1II-12) but it does not clearly distinguish the other bran-hes, the
contribution of which varies between 10X and 11% with the exception of medical
and industrial (signals, laser systems, security) the contribution of which
ranges around 1Z. Automation, which does not figure in the data, corresponds
according to the EIC to about 6% of the total market.

76. The electronics markets, estimated by the BEP at US$ 442 billion in
1986, should have benefitted from a growth of 17%, but a large proportion of
this is due to changes in exchange rates, The real growth is in fact much
more modest, in the region of 1%, with a fall in the demand in the United
States of 1.6%. The year 1987 will have been characterised by a recovery,
since world markets have increased by 4.77 in real terms, reaching more than
10% in the Asiatic countries with the exception of Japan (BEP, 1988, Vol.II,
p.19).

Figure I1I-12 : WORLD MARKETS FOR ELECTRONICS IN 1986
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Figure 1I1I-13 : FORECASTS FOR THE WORLD SEMICONDUCTORS
MARKET (as percentages)
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Figure III-14 : THE 1986 TRADING BALANCE IN ELECTRONICS
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Figure III-15 : THE MAJOR ITEMS IN THE 1986 TRADING BALANCE
(Us$ billions)
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77. The production of electronics materials is moving from Japan to the
countries of Pacific Asia. Countries like South Korea, Singapore and
Malaysia are attaining rates of production growth of the order of 24X whilst
the traditional Far East countries, Taivan and Hong Kong, are meeting
competition from the Asean countries and see their growth reduced to the
region of 10%. This dynamic has led to an increase in the consumption of
semiconductors in Asia of more than 65% in 1987, and should remain around 40%Z
in 1988 according to Dataquest. The transfer of the Japanese activities
towards the "Four Dragons” of South Korea, Taiwan, Hong Kong and Singapore, or
to the other Asean countries, makes it possible to predict a major increase in
the demand for semiconductors in this 2zone where domestic and foreign
producers operate side by side. The forecasts are such that this zone
should, by 1992, consume as many semiconductors as Europe (Figure 1II-13).

78. Although the markets remain polarised in the industrialised countries
and the big five alone represent 78.5Z, the introduction of certain newly
industrialised countries into the world market seems to have been achieved
(cf Annexes A4, AS, A6 and Figure III-9). The Brazilian and Korean markets
now approach, in absolute value, that of Holland and exceed that of Sweden,
even if the populations are very different. But if 92% of the markets are
concentrated in the industrialised countries only 90% of the production is
located there (Annex A2). These two points of difference in a market of US$
400b, amplify the tensions between the United States and Europe in regard to
the Asiatic countries, They are, in effact, added to the structural
imbalance caused by Japan, whose market represents slightly more than 14X of
the world market but whose production exceeds 22% of the world total, With
. Japan it is this 10% of the world production which defines the structural
deficit in electronics in certain geographical zones.

79. Figure I1I-14 recapitulates for 1986 the imbalances in world trade.
Western Europe and North America have deficits of US$ 12.8b and US$ 15.5b
respectively, whereas the Asean and Asian newly industrialised countries
(Taivan, Hong Kong, Singapore and South Korea) have an excess of US$ 11.5b:
Japan itself has a positive balance of US$ 34.4b, The CEPI1 statistics,
although not identical with those of the BEP, do allow us to define more
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precisely the deficit of the rest of the world (Annex B) which is US$ 27.4b
(including opto-electronics) or US$ 18.5b without COMECON. These results are
equivalent to the deficit of US$ 18.3b as evaluated by the BEP. Figure III-
16 breaks down these deficits by geczraphical zomes.

Figure II1I-16 : THE MAJOR IMBALANCES BY ZONES
IN 1986 (US$ billions)
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2.2, THE MERCANTILIST TEMPTATION

2.1.1. The United States : Rejecting GATT?

80. Since 1980 the North American trading balamce in high technology goods
has continued to worsen steadily. By 1986 it was in deficit under the double
constraints of the considerable revaluation of the Dollar and the hardening of
international coampetition. The products of the electronics industry are at
the heart of this worsening, and the American Electronics Association
estimates the sector deficit as US$ 13 billion in 1986. Although there has
been a deficit with Japan since the seventies it has increased dramatically to
reach US$ 20.4b or 12X of the North American trading balance (Figure III-17).
This situation has led to several reactions from the Americam public
authorities including bilateral negotiaticns with the most dynamic commercial
partners; these agreements have often gone against the GATT rules,

81. The most spectacular measure was the signing in September 1986 of the
US-Japan Semiconductor Agreement. Under the terms of this agreement the
Japanese producers of semiconductors undertake to market their probleas on the
North American market at a "minimm" price. This measure should result in an
improvement in the trading balance in this branch. It came into effect just
over a year after the suppression by President REAGAN, within the framework of
the 1974 Trade and Tariff Act, of the customs duties of 4.2% on semiconductors
imported into the United States. The disappearance of the tariff and the
high value of the Dollar rapidly eroded the positions of North American firms
which had already been made fragile by the shortening of the life cycle of
integrated circuits, Seeing no signs of the situation improving the Japanese
government created, on 4 March 1987, the International Semiconductor Research
Center (INSEC), the purpose of which was to favour the buying of foreign
semiconductors by Japanese industry, thus offering North American producers a
way of overcoming the famous "non-tariff barriers” which are so often evoked.
Although it allowed the consolidation of the margins of Japanese manufacturers
in the United States the agreement of September 1987 did not allow any great
reduction in the Japan-United States deficit in electronics products.

82. Despite a perceptible stabilisation of the deficit in regard to Japan
(US$ 9.4b in the first half of 1987 against US$ 9.9b in the first half of
1986), despite a considerable fall in the value of the Dollar and although a
raising of the minimum price imposed on Japanese firms under the 1986
agreement had been negotiated, the American government considered that the
results achieved in the first round were insufficient. The Defense
Scientific Council produced a report which indicated that out of 25 types of
semiconductors Japanese firms were in the lead in the production of 12 of
these, North American firms were in the lead in the case of five
semiconductors and there was equality between the countries in the case of
eight types of semiconductor, Under the pressure of these arguments, and
under the influence of the Pentagon which in December 1986 criticised the
intention of Fujitsu to purchase Fairchild Semiconductor and the domination of
the ceramics market by omne company, the Japanese Kyocera, the American
government made known on 17 March 1987 its intention to take retaliatory
actions against Japan. As from 17 April 1987 supplementary duties of 100%
vere applied to imported Japanese products with an overall value of US$ 300m,
Never applied since the Second World War this procedure applied to colour
television sets, micro-computers and semiconductors,

83. These retaliatory mwmeasures, although spectacular in their fornm,
affected only 0.3%7 of Japanese manufactured products exported to the United
States. On Tuesday 2! July 1987 the American Senate adopted, by a crushing
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majority of 71 to 27, a draft law, now known under the name of the Senate
Trade Reform Bill, which was to amend the 1974 Trade Act. The text passed by
the Senate provided for the systematic implementation of temporary protection

measures in favour of threatened industries. It also put forward the
possibility of opening bilateral or multilateral negotiations and the revision
of several principles governing the GATT. The arguments behind this
mercantilist project are always the same. The restoration of the

competitiveness of North Amserican industry demands investments and training
and, in the words of Stephen Levy :

"As a nation we must make international trade a national priority and
give it the same status as Defense of the State .... We cannot have a
powerful National Defense without a powerful economy"” (Electronic
Business, 1 November 1986, p.29).

Although this draft law was vetoed by President REAGAN it was, in a softened
down form, voted in by the Chamber of Representatives in July 1988. The
Japanese asked President REAGAN to apply his veto again. But progressively,
with the worsening of the North American technological advaatage, the dominant
discourse approximated to the ostensible prtotectionism in the inter-war
years. Territory was seen as a challenge in international trade and
rehabilitated as a space to be defended: this option reached its apogee in
April 1988 when a survey revealed that 84% of those questionned were hostile
towards foreign acqisitions in property and 821 wanted the establishment of
restrictions on the acquisition of American companies prcducing high-
technology equipment.
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84, The protectionist measures which were adopted and the revaluation of
the Yen offered the North American electronics industry a whiff of oxygen in
the competition engaged in with the Japanese producers. However since they
vere linked to the Dollar the currencies of the Four Dragons (Singapore, Hong
Kong, Taivan and South Korea) did not reflect the competitive devaluation of
the Dollar against the Yen. In 1985 20X of North American exports of high-
technology products went to these four countries whilst 25% of imports in the
same fields came from these countries. If one adds Canada, where the
currency was not revalued in respect of the Dollar, one third of North
American trade in goods is with these five countries. With the weakening of
the Dollar the competitiveness of these geographical zones increased,
resulting in the relocation of establishments from Japan, the United States or
Europe. The CEPII data show, in this context, a North American deficit in
regard to the four Asian NIC of the order of US$ 8 billion in 1987 for
electronics alone (cf. Anmex B3), This situation explains in part Section
105 of the Senate Trade Reform Bill which suggests the establishment of
minimum standards in working conditions in order to prevent the failure to
respect the rights of workers. Furthermore since 1986 several economists
have envisaged the revaluation of the currencies of these countries.

85. The reiterated refusal of the Four Dragons to revalue their currencies
has resulted in intense pressure from Washington since 1987 on the governments
of these countries. However with the exception of Taiwan, which had a
current surplus of the order of 20% of its GNP, the others urged the existence
of their international indebtedness to avoid any adjustment of their parities
in respect of the Dollar. Put forward by Europecan industrialists but
rejected br the authorities in Brussels, the proposal for the exclusion of
certain NICs from the Generalized System of Preferences (GSP) was seized on by
Washington, which announced on Friday 29 January 1988 its rescinding of the
tariff concessions granted to Taiwan, Hong Kong, Singapore and South Korea.
The American decision, which should come into effect on 2 January 1989, should
affect 20% (US$ 10b) of the exports to the United States from these four

countries. Although this mainly affects "low-tech" products such as
footwear, textiles and steel this measure also threatens the products of the
electronics industry. This is why, after the wave of relocation of the

Japanese firms which began in 1984, one sees Korean and Taiwanese firms
establishing production units in Thailand (Goldstar Electronics) or in Costa
Rica, Jamaica and the Dominican Republic so as to obtain easier access to the
North American market. In this way Taiwan should double its investments
abroad in 1988 (US$ 200m). Finally these countries are endeavouring to
redirect their exports to new geographical zomes, particularly Japan but also
the Middle East,

2.2.2. Europe : the last trump card?

86, Western Europe is not a vacant market: DATAQUEST forecasts fairly
considerable rates of growth over the next five years: 50% for 32-bit
computers, 30% for digital telecommunications and 26% for cellular radic. It
is however the growth of the market since the beginning of the eighties which
has contributed to the deficit: in 1986 the BEP statistics show a deficit of
US$ 12 billion, and only West Germany and Ireland have a balance in surplus or
in equilibrium. The CEPIl data show a deficit of the order of US$ 10.8b (cf.
Annex B2, p.14), and US$ 12,6b with Japan. But the deficit is not the same
in all the branches: Figure 111-18 distinguishes. using the BEP data, the
various items in the electronics balance. Informatics accounts for more than
half of this deficit with US$ 6.8b (56%). Three other headings reflect the
fragility of the European positions: active components, passive components
and mass consumer electronics. These three branches account for US$ 8.7b of
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the European deficit. In total the cumulative deficit exceeds US$ 16.8b,
whilst surpluses in the reserved technologies (military, telecommunications
and medical) total just US$ 4.7b.

Figure III-18 : THE MAJOR HEADINGS OF THE EUROPEAN TRADING
BALANCE IN 1986 (US$ billions)
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Source @ GERDIC 4’ aprés les statistiques de B.E.P. (annexe H~7)

87. The reactions of the European public authorities faced with this
failure have taken several forms, Chepter IV will detail their strategy for
a renaissance of the European electronics industry by means of the ESPRIT,
RACE or BRITE programmes for the EEC and EUREKA for the whole of Europe.
However in addition to the conventional industrial policies Europe, and in
particular the EEC, have endeavoured since 1985 to contain Japanese domination
by means of procedures restricting trade.

88, In 1984 the EEC examiners carried out a survey into possible dumping by
the Japanese producers Matsushita, Sharp, Brother and Canon. In the absence
of cooperation in their surveys the data obtained on the Japanese producers
are those supplied by their European competitors. In June 1985, with dumping
’ havine been proved, a customs tariff of 35% was established by the EEC on
electronic typewriters. Shortly afterwards a complaint made by the Committee
of European Copier Manufacturers (CECOM) led the EEC to carry out a survey on
dumping procedures in the photocopier market. Twelve Japanese manufacturers
vwho held 85% of the European market, and including Canon, Fuji, Minolta and
Ricoh, were subjected to this procedure, as a result of which evidence was
found of dnumping of the order of 7% to 63%. As a consequence of this a
supplementary customs duty was imposed on 27 August 1986 on the normal duty
of 8.7%. An unusual feature of this supplementary duty is that it varies
from 7.2% to 15.7% according to the manufacturer, These two procedures
. encouraged the Japanese companies to multiply their establishments in Europe:
according to the EIAJ these increased from 44 in 1984 to 56 in 1986, and

parallel to this some establiishments were reconverted (Table I1II-17).
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Table IT11-17 : NUMBER OF JAPANESE ELECTRONICS
ESTABLISHMENTS IN EUROPE

EGP. Picns d'équipement  Composants Total

1984 23 6 15 44
1985 26 4 17 47
1986 31 9 21 56

Source E1.AJ.

89. However the Commission began a series of offensives at the end of 1987.
Seven manufacturers of computer printers formed the Europrint Association to
defend their interests, and required the Commission to carry out a survey on
probable Japanese dumping. This assertion having been proved to be correct
the EEC has imposed anti-dumping duties om the printers of fourteen Japanese
manufacturers since 26 May 1988. The latter had succeeded in increasing
their share of the European market from 49% in 1983 to 73% in 1986, whereas
the producers within the EEC (Olivetti, Philips, Mannesman and Bull) were no
longer able to sell a single printer in Japan although they had sold a
thousand in 1983.

90. By multiplving their European establishments the Japanese companies
hoped to be able to evade the exorbitant tariffs imposed on them by the
Community. Very much on the offensive, and as resulc of a new complaint from
several European producers, the Community examined the conditions of
application of the 1985 regulations. It discovered that the producers of
electronic typewriters and weighing machines were using a very high proportion
of components coming from Japan (76% to 96% of the value added) and were not
procuring at least 40Z of their components in the EEC as required by the
decree. In March 1988 it dropped its actions against BROTHER INDUSTRIES but
imposed personalised unit duties on the other manufacturers as follows :

Duties

(ECUs)

CANOY Brittany IAA

MATSUSHITA, SHARP & SILVER REED 40

TEC 66
91, Simultaneously, and again very much on the offensive, the Commission
launched an anti~-dumping enquiry on the Korean producers of video cassettes
and small TV sets. In December 1987 it removed thkis country from the

Generalized System of Preferences, imposing Community customs duties on all
Korean manufactured products, representing about 50 million ECUs for Korean
companies. The anti-dumping procedure on video cassettes was started at the
request of CEFIC, the federation of European cheumical industries. As far as
the small television sets were concerned European ‘mpnrts had increased from
9000 in 1983 to 358,000 in 1986, with the market share of the Korean companies
jumping frow 0.3% to 16% over the same period with prices nearly 40% lower
than those of tiie European industry.

92, Like the United States the EEC was unwilling to see its industrial
fabric subjected t¢ price wars in which the Asiatic firms always emerged
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victorious. At no time since the Second World War had the principles waich
governed the GATT beea so Systematically questioned by the trading partners
(raising tariffs, dumping and bilateral agreements). It would seem that the
States were prepared to come to the forefront of the stage as and vhen their
industries were faced with difficulties. As a strategic industry the
electronics industry had contributed to the revising of those principles which
had governed the period which had elapsed since 1944.

3. CONCLUSIONS

93, Since the beginning of the eighties the electronics industry has been
subjected to tensions induced by techmological evolution. Within this
context the companies have been led to revise their strategic options. They
have modified their relocation objectives and multiplied their approaches to
bilateral cooperation. Every branch of electronics is subject to this
process of restructuring and consolidation in which the major groups seem to
be able to play a privileged role to such an extent that it is probable that
most of the world markets will be structured as oligopolies.

94. Faced with the rise of the private industrial powers the major
dissymmetries in commercial trading have led the public authorities to react.
The structural character of the commercial deficit in electronics products in
the United States and in Europe has led governments, under pressure from their
national producers, to contest the legitimacy cf the competition exercised by
Japanese producers. Not hesitating to cast aside the principles of the GATT,
and even if this involves opposing the executive (Ronald REAGAN's veto) the
public authorities have wutilised their customs tariffs and hence the
prerogatives of their frontiers to ~ontest the advantages of the Japanese
firms.

95, To these measures the governments have added industrial policies
structured so as to organise or to maintain the technological advantage of
their industries.
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CHAPTER IV
AN OVERVIEW OF
PUBLIC AUTHORITIES' STRATEGTIES
IN THE INDUSTRIALISED COUNTRIES
1. The role of the strategies of the public authorities has been of

fundamental importance in orientating the global techanico-industrial evolution
of the electromics industry. Obviously it is the authorities of the most
industrialised economies which exert the greatest weight when determining this
orientation. Thus it is the North Americam public authorities which can
undoubtediy claim paternity for the advance of electromics., From the
seventies they had to face up to & challenger which gradually became dominant
in an increasing number of fields under the action of the firms but also, and
mainly, because or the strategies of the public authorities. The older
industrialised countries in Europe followed, with some delay, the American
electronics evolution and, fiunding themselves somewhat outdistanced, saw that
the timid and national measures which had been taken up to that time were
insufficient. As a consequence, and within the frame work of the European
Community, they implemented the European Strategic Programme for Research and
Development ir Information Technology, ESPRIT, designed to put them back on
course again. It is in effect in the electronics field that the real
technological race between the industrialised countrics was being run with
their public authorities supporting them or even replacing them. Even in the
case of the so-called deregulation of telecommunications one can observe the
intensity of this global competition.

2, The traditional tools which were utilised, and which were found
everywhere, included : public orders, the organisation of enterprises or
associations, restructuring under the aegis of the public authorities,
protective standardisation, direct subsidies and aids to industry and, more
especially, the high level of participation of the public authorities in
Research and Development expenditure.

1, THE FOUNDERS : THE UNITED STATES

3. In the United States the ambitions for power in the military and
aerospace fields were the reasons for the very powerful and effective
involvement of the Federal Government from the forties to the sixties, The
pressing military demand for firing tables or aircraft profiles was the origin
of the progress from electromechanical calculators to electronic computers.
The various US forces sigaed major contracts with several universities, giving
an impulse to a movement which resulted io the the development of ENIAC, the
Electronic Numerical Integrator and Computer, in 1946. Its university
promoters founded a firm which, bought by Remington-Univac (IBM d4id not want
to buy it, and NCR hesitated for too long), constructed a first computer, the
BINAC, for the NORTHROP aviation company and a second and more powerful one,
the UNIVAC 1, in 1951 also for the American administration, this time for the
Census Office, The Department of Defense (DOD) ordered from IBM and
Burroughs in 1951 the Semi-Automatic Ground Environment or SAGE system,
intended to protect the United States (even at that date) from surprise aerial
attack: this was an enormous programme of US$ 1.6 billion for seven years'
vork. Amongst other spin-offs it alloved the development of the SABER
network for the automatic booking of airline seats for American Airlines. 1In
1961 the Atomic Energy Commission signed a US$ 5.5m contract with Control Data
for a computer, the CDC 6600, whilst NASA ordered equipment costing US$ 2.5b
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from the principal manufacturers, including 101 UNIVAC 1108 computers for the
APOLLO programme! These actions had an effect on industrial policy: for
example they are the origin of the superiority of Control Data and UNIVAC in
scientific computers and in industrial informatics, even over IBM. In 1965
the Federal Government paid out US$ 200m in contracts on informatics research,
representing a third of all the research expenditure of the manufacturers.

4. In the field of the basic bricks one of the revolutionary steps was the
invention of the transistor in 1948, This was done by a laboratory teaam at
BELL, an enormous entity which had a monopoly of all the telecommunications
services in the United States, in the service of which it had become one of
the world's leading manufacturers of electronics products. 1Its research work
was therefore largely financed by the state of American legislation in this
field. The transistor was used first of all in certain items of
telecommunications equipment and mass consumer receivers; by contrast to this
the first transistor computer was only produced in 1959. However the
miniaturisation of the transistor for signal processing was of particular
interest to the forces for their flying objects, especially when they were
automatic such as rockets, and the Federal Government was responsible for a
massive intervention targetted on this industry. The TINKERTOY project was
launched in 1952 for the wminiaturisation and development of semiconductors,
Four manufacturers received US$ 13m: General Electric, RCA, Sylveria and
Texas Instruments. The public interventions were clearly orientated towards
specific technological advances: speed, miniaturisation and reliability. 1In
1956 the DOD (Department of Defense) distributed US$ 40m for the development
of integrated circuits, The firms which succeeded in this (but on the basis
of a legal battle on patents) were not those which had received the funds for
it, but the DOD had encouraged all the teams to emulate the others by means of
an implicit promise of a formidable market ~ but also the only market, since
there was no equivalent civil market. 1In 1959 the DOD bought 45% of American
semiconductors: in 1963 it bought 94% of the integrated circuits. After
1962 NASA systematically used integrated circuits and space became, with the
conventional forces, the intermediary for the national re-allocation of
resources towards the electronics industry. The APOLLO and MINUTEMAN
projects had a major impact on industrial and technological policy. Texas
Instruments alone received, from 1959 to 1964, USS 32m from the US Air Force
for research projects on integrated circuits, and sold in every month of 1964
for UINUTEMAN more integrated circuits than it had sold in the whole of 1962!
There was therefore a very strong public implication in the way in which the
United States built what was, by the middle of the sixties, a world leadership
in electronics as a consequence of their desire for world military and space
domination.

5. From the middle of the sixties onward there was a very marked drop in
the level of Federal financing of research in the United States (from 2% in
1964 to 1.2% in 1979, expressed as a percentage of the GNP) together with a
decline in the military and space markets. American technological dynamism
remained very important, however, sustained by the commercial exploitation, on
a worldwide 1level, of the technological advantages procured by public
expenditure in the previous period, and by the phenomenon characterised by the
development of Silicon Valley. Nevertheless it was during this period that
the progress of the Japanese electronics industry began to disturb the
American authorities, and from 1978 onwards the DOD reactivated its research
activities by launching new programmes. 1In 1980 it was the VHSIC (Very High
Speed Integrated Circuit) plan for the period 1981-1987 with about US$ 1b of
projects rentred on integrated circuits and processors. This plan was
subsequently integrated into the enormous Strategic Defense Initiative (SDI)
or "Star Wars" programme, in principle wvoted US$ 25b for 1984-1990, The
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Defense Advanced Research Projects Agency (DARPA) implemented at the same time
another very ambitious programme, the Strategic Computer Program, with US$ 1b
for the period 1984-1990. Table 1IV-1 shows the extent of the spectrum of
this programme and hence the magnitude of the involvement of the US forces in
the technico-industrial development of the electronics industry.

Table IV-1 : THE FIELDS OF THE DARPA STRATEGIC COMPUTER
PROGRAM IN THE UNITED STATES
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Source : d’apres E. ARNOLD et K. GUY, 1986, p-4C
6. The efforts of the American public authorities were also continued,
taking a new direction, that of intervention in the organisation of the
industry. Until now the only interventions were those designed to ensure

that the laws concerning competition were respected, that there were no
cartels or excessive concentrations which would lead to dominant positions.
Whilst the wmilitary programmes made the American firms operate in an

independent manner the public authorities were to favour joint work by several
firms,
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7. Two projects launched in 1982-1983 coanstitute, by reason of their size,
a reference point concerming this change in the Americam wmentality in this
field, which was to be confirmed by legislation in 1984 and 1986. The first
of these projects was launched by the major informatics manufacturer Control
Data in January 1982, the second during 1981 by IBM. The project launched by
Control Data, the Micro-electronics and Computer Technology Corporation (MCC),
is a private non-profitmaking association, the partoers in this being
companies which supply research workers for a joint laboratory; they also
supply general financing together with specific financing for the projects
which they are supporting. The pateants belong to the association but for
three years only the participating companies can operate them. Finally
licenses are granted and the participants share the expenses with the
association. It is thus a regrouping to share R & D costs which could, under
the anti-trust legislation, constitute a distortion of competition. The
National Cooperative Research Act of October 1984 gave legal status to this
type of association which was relatively widely operated at the time the
legislation was introduced: about forty such associations were registered.
The second project, launched by IBM, resulted in the creation in 1982 of the
Semiconductor Research Corporation (SRC). This non-profitmaking association
has its headquarters in the North Carolina Research Triangle Park, and its
objective is to coordinate research on semiconductors, to be carried out in
university or private laboratories. The SRC can also give assistance to
centres of excellence and bursaries to research workers. Its objective is to
build a pilot centre capable, inter alia, of producing a 16 Mbit memory and to
design one for 1 Gbit (ome billon bits!). If a concrete preoccupation is far
from being absent one of the objectives not found in the previous project is
that of placing fundamental university research &t the service of industry.
This outlook is reinforced by the Federal Techmology Transfer Act of 1986
which should permit a privileged transfer of fundamental research work from
North American laboratories tn the companies of that country.
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8. Whilst the previous two projects attempted to organise the transfer
of national scientific potential towards industry for the civil market, and
even to share costs for developing their technological potential to be
exploited in the civil wmarkets, there was also a current of opinion in the
United States which wanted to see the DOD finance civil industry siace
American security required that this semiconductors industry remained
competitive and independent. It was this desire which was behind two
other current projects: the first of these is the project of the
Semiconductor Industry Association to create SEMATECH which would be
concerned with both the joint development and manufacture of the most
technologically advanced electronics components with an initial funding of
US$ 250m and the proposal to request the support of the DOD. The second
project was in fact the result of a report from the scieantific council for
defence whose director was Norman AUGUSTINE, the president of Martin
MARIETTA. The report proposed that the DOD should grant US$ 200m a year
for an SMTI (with the same objectives as SEMATECH) which would be a
consortium of high-technology firms; this would carry out advanced R & D
and establish production units for devices selected as a fuaction of the
needs of the DOD.

9. The American forces naturally wished, for reasons of sovereignty, to
avoid having recourse to foreign firms for their sophisticated circuits,
This particularly concerned the Japanese who were the direct competitors
of their American rivals in this field. For example in March 1987 Fujitsu
had to relinquish taking control of Fairchild, which until then had been
held by the European SCHLUMBERGER company but which had signed an agreement
with Fujitsu in October 1986: the Pentagon could not consider having a
privileged supplier controlled by a Japanese company. Fairchild meanwhile
accumulated considerable losses over several years and had to be taken over
by the American NSC company. In order to avoid a repetition of this the
forces had to inject Dollars, and they did this by way of multiple
contracts. For example in 1987 DARPA laun-hed a three-year contract for
US$ 20m for a gallium arsenide (GaAs) integrated circuits production line.
The contract~holder, ATT-Bell Laboratories, had two sub-contractors,
Hughes Aircraft and McDonmel-Douglas: the specifications wece set out and
DARPA even indicated that it was ready to add another US$ 10m for even more
advanced circuits.

10. It is clear that, despite the official anon-existence of an
industrial policy in the United States, a non-existence pursued despite a
major debate on 3its oportuneness which has exercised the political
environment in recent years, the reality of a military-industrial complex
did exist, and it may be stated that its implicit objective was to prevent
the United States 1losing ftheir global technico-industrial leadership,
particularly in electronics. Furthermore in regard to commercial policy
the United States has always hesitated to play a really liberal role.
Today protectionist temptations are very strong (cf Chapter I1I, 2.2.l1.).
On2 may recall what has happened in world trade in memories where, faced
with Japanese domination, the United States made the Japanese sign a
bilateral agreement in July 1986 which imposed a "Fair Market Value" price
which in fact corresponds to the price at which the American producers
could, in principle, survive. It is also known that the United States
decided that, as from 1 January 1989, a number of countries would no lorger
benefit from the GSP (Generalized System of Preferences) reserved for Third
World countries: South Korea in particular will then be excluded.
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2. THE DOMINANT CHALLENGER : JAPAN

11. Japan sought to catch up with the West: before and even more after
the Second World War this was an economic development objective. At the
end of the Aserican occupation in 1952 Japan was a couatry with an economy
which was still staggering along but which, despite the wartime
destruction, possessed high—-quality human resources which the process of
development since the MEIJI era had built up. A country without raw
materials resources Japan seemed even to the occupying power to need to
effect its own recovery through industry. This is the reason why General
Douglas MACARTHUR legally granted immense powers to MITI, the Ministry of
International Trade and Industry, formed in 1949, so that it could have
control of its external trade, exchange rates, capital investmeats, joint
ventures and transfers of technologies. This law, which the General
regarded as temporary, remained in force until 1979, MITI operated a
strongly protectionist policy in regard to the entry of goods and
investments whilst facilitating purchases of technology. Simultaneously
it stimulated a high level of competition between Japanese enterprises and
favoured the accumulation of capital and gains in productivity by offering
financing facilities to high-performance firms and, finally, it actively
promoted exports by encouraging small enterprises to form exporting cartels
and by reinforcing the position of the trading houses, Briefly,
therefore, MITI made available to its strategy for industrial development a
complete palette of tactics which were, here and there, elevated in the
development economy to the rank of mutually exclusive strategies.

12. The field of action of MITI was that of the already well-established
and vast enterprises of long experience, from Toyota to Hitachi, and also
of the field of new enterprises in the image of Sony, created im October
1945 in the ruins of Tokyo by Akio MORITA. There was also the field of
research workers whose attraction towards electronics was not neglected
although it was a time for the reconstruction of heavy equipment and also
because not everyone had realised that the transistor would replace the
valve in all its applications. MITI and the NTT (an enterprise created in
1952 by MPT, the Ministry for Posts and Telecommunications) had each
carried out research on transistors in their own electronics laboratories
(ETL and ECL); both were successful, the first being NIT with its
transistor which was exhibited in June 1953. This was therefore five
years after the Americans, but it was greater at the commerc1a1 level, and
this explains the policy carried out by MITI.

13. In 1973 the position of Japan did not disturb the United States,
Taken overall Japan exported 29,2% of its production, but more than three-
quarters of the products exported were mass consumer electronics (where the
level of exports was already 46%) and simple components. Japan still
produced few integrated circuits and exported practically none, covering
70% of its own needs. The fact that it could produce any at all was the
result of a hard battle fought in 1967-1968 to obtain the transfer of
American technologies and in particular the granting of an agreement with
Texas Instruments. This firm granted a licence with moderate royalties,
forming a 50/50 joint venture with Sony and agreeing to limit its
production to 10% of the Japanese market, This battle was closely linked
with the fact that a very dynamic catching-up policy was being developed
both by MITI and by industrialists. Europe in the fifties was still
concerned with coal and steel, the industry of the 19th century, and with
Euratom, a potential source of energy resulting from the military
programmes. After many difficulties the only common policy was that
concerning agriculture, Japan was imbued with the concept of ongoing
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technological evolution, and the MITI seemed to have had a very early
intuition of the strategic importance of the electronics industry in a kind
of industrial mutation.

14. In 1956 and 1957 two laws (on Temporary measures for the promotion
of the engineering industry, and Temporary measures for the promotion of
the electronics industry) trace out a path which was to be increasingly
trodden. Faced in 1960 with imports of computer= which covered 70X of the
national market the MITI took a number of customs' measures, public orders,
industrial promotions and leasing systems (aided by the Japanese
Development Bank) in order to limit the hold of the foreign enterprises,
essentially IBM. The latter had been authorised to establish itself
subject to signing reciprocal licencing agreements with about ten Japanese
manufacturers, these agreements being renewed (with 15 buyers) in 1971.
To consolidate these efforts the MITI encouraged the major Japanese
manufacturers to establish a research institute (Japan Information
Processing Centre) which, jointly with the MITI's own laboratory,
established the Super High Performance Electronic Computer Development
Project (1966-1979) which was funded with US$ 28 million. In 1971 the two
laws of 1956 and 1957 were reinforced by being integrated into a new law
(Kidenho) for promoting specific engineering and electronics industries :
computers, integrated circuits and magnetic disks, a first series of
actions which proved to be ephemeral but which led to the first important
results in informatics and which thus opemned up the way to the following
operations,

15. The NIT and the MITI were the origin of major R & D programmes, the
object of which were to allow the Japanese to acquire state-of-the-art
know~how in integrated circuits. The NIT was obviously orientated towards
specialised telecommunications applications, whilst the MITI was primarily
concerned with informatics. In 1975 the NIT formed a consortium with
Fujitsu, Hitachi and NEC. The research objectives were specified under
the aegis of the NTT and the engineers from its laboratory directed the
research carried out in the laboratories of the firms, There was no
direct financing but there were subsidies by way of the issuing of
contracts. In 1978 orders from the NTT represented 10% of the Japanese
consumption of semiconductors, that is to say US$ 230 million,
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16. The MITI was also the origin of the creation of the VLSI (Very
Large-Scale Integration) Research Association, formed in 1975 by th> five
largest computer wmanufacturers, FUJITSU, HITACHI, MITSUBISHI, NEC and
TOSHIBA (subsequently joined in 1979 by OKI and SHARP), under the general
direction of Yasuo TARUI of the MITI Electrotechnical Laboratory. The
Association was given six fields of research : "The technology of micro-
production (electron beams and X-rays), processing large diameter silicon
wafers with a low defect rate, computer assisted design, VLSI processes and
equipment, VLSI test apparatus and VLSI logics and memories (64k DRAM)"
(S. TATSUNO, 1987, p.48). Figure IV-2 shows the organisation of this
research in three laboratories and the magnitude of the results of this
five-year plan (1976-1980). To this end the =2mbers of the project have
received US$ 300m in loans from MITI ("hojokin"), 40% of this being without
interest and repayable from the subsequent profits. These plans are
accompanied by the law of 1978 which changed the law of 1971 into a law for
the promotion of the engineering and informatics industries and which led
Japan into mechatronics, that is to say the complete reconstruction of the
machine which is at the heart of all productiocn processes: the engineering
industry became electronised. Table IV-3 gives the chronology of the
Japanese plans: the pursuit of past efforts can be clearly seen.

Figure 1V-2 : THE ORGANISATION OF THE JAPANESE
VLSI RESEARCH PROJECT (1976-1989)
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Source : Daniel Okimoto, ~ Pioneer and Pursuer - The Role of the State in the Evoiulion of the Japanese
and American Semiconductor (ndusines -, Working Paper, 1983. Vorr D Okimoto et al.. Competiive Edge :
The Semiconductor Industry in the U.S. and Japan Sianford. CA : Stanford Universily Press, 1984

Source : S. TATSUNQ, op. cit., p. 279.
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Table IV-3 : CHRONOLOGY OF THE JAPANESE ELECTRONICS RESEARCH PROGRAMMES
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3. OLD EUROPE'S SOMERSAULT

3.1. A general overview of some national interventions

17. For various reasons the public authorities in the European countries
did not intervene in the functioning of their electronics as rapidly as in
Japan. The first reason is certainly because they had other probleas

with their old industrialisation and they had found it necessary to
*iefend” their textiles industries siuce the beginning of the sixties.
The second reason, symmetrical with the first, related to the fact that
their electronics industry did not seem to be doing too badly from the
point of view of the coaventiomal indicators, such as those of foreign
trade. The third looks at the second in another manner: whilst the
balance of payments were satisfactory this was, in particular, because
Burope was unlike Japan in extending a welcome to the American
multinationals, So it was necessary to wait until the end of the sixties
to see the appearance of the first European measures., VWest Germany began
to support its informatics and electronics industries in 1967, and it was
also in this year that France launched its CALCUL plan after Aserica had
refused to sell it the computers it needed for its nuclear programme.
In 1968 Great Britain restructured its informatics industry round ICL. In
this way there began an epoch of increased interventions in the electronics
industry and of subsidies to industry. Table IV-4 shows the relative rise
of these subsidies for eleven European countries, and Table IV-5 sets out
in parallel the interventions in the electronics industries between 1968
and 1984 by the public authorities of the three major European countries.

Table IV-4 : SUBSIDIES TO PRIVATE COMPANIES AS
A PERCENTAGE OF THE GNP

1970 982 1970 1982
Belgium 13 1.6 Denmark 28 32
France 2.0 22 Weu Germany 1) 18
Great Britain 1.7 2.0 haly .8 29
Netherlands 1) 2.5 Norway 5.1 63
Austria [ 2.9 Sweden 1.6 50
Switzerland os 1.3

Sowrre: Bundcsmwmnsicriom der Funanzen (198%), p 20,

Source : d’aprés G. JUNNE et R. VAN TULDER, 1988, p. 162




Table 1IV-5 :

PUBLIC INTERVENTIONS:

AID AND
RESTRUCTURING IN THE ELECTRONICS INDUSTRY
IN FRANCE, THE UNITED KINGDOM AND WEST GERMANY

FRANCE
1968 [} 2, 1973 1975 " 978-9 1981-2 1903-4
Gorernment EFCIS (semi- Creation of Falluecof  Th Gon supy Nationahration  Concemration of
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SECOSEM Energy Philips. Homeywell- Thomson/Motorola. Maura Gobaia aad National
(Thomson) Commission) Unaceniam Bull Saime-Gobain eniry Semiconducios (Euro-
e iy FOrCTRMEN mo Cll and Olvenii. technigue) and the sewn-
{suppovied by atnude - Suppon of Radw- conductor bunness of
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Siemens. AEG-  Favourable  computer wm of lab v of the Mostch (United  informoation technologs ).
Telcfunken. gorvernment  division of banks. Indwect theee major firms Technologies) in ~ Takeoser of Grundig by
Nixdosf tn atnude AEG Federal and public agencies 3 joms vencure.  Philips (afier disappronal
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Thomson Thomson)
LK
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lead s0 ICL fmanced
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10.5% owned
by siaste

Sowrve: data 1968-80 from Do (1981). p. 94, afier 1990 from own chservanons.




3.2 The German Policy

18. In West Germany, as in the United States, there is officially no
industrial policy. However, since the creation of the BMFT (the Federal
Ministry for Research and Technology) in 1972 Germany has a kind of single
office to assist and guide Research end Development in German enterprises
and thus to favour, to a certain extent, those which seem to it to be
preferable. Between 1967 and 1979 Germany has had three informatics plans
in succession. In 1974 it launched a first five-year plan (1974-1978) for
electronic components (Elektronische Bauelemente) followed by a micro-
electronics programme (Zeitungsplan Mikroelektronik) for 1979-1983.

19. In 1984 Germany provided DM 3 billion for a unified information
technologies plan (1984-1988): this was financed not only by the BMFT but
also, for the first time, by the ministries for the economy and the post.
Table IV-6 sets out the principal programmes supported by the German public
authorities. One can easily see the extent of the fields covered and the
magnitude of the financial backing.
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Table IV-6 : THE PROGRAMMES SUPPORTED BY THE GERMAN PUBLIC
AUTHORITIES IN INFORMATION TECHNOLOGIES
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3.3. The British policy

20. Shortly after the war it was the Post Office in Great Britain which
aided the electronics industry by favouring the creation in 1956 of the
Joint Electronic Research Committee to coordinate the efforts wmade by
British industry to develop new switching exchanges. In informatics the
public authorities favoured the creation of ICL and then consistently
supported it until its merger with STC in 1984. There were many
interventions by the public authorities, with considerable financial
support, as may be szen from Table IV-7, For example one sees the
creation in 1978 of IRMOS, a public company to manufacture integrated
circuits; however this firm returned to the public sector in 1984 (see
Table 1IV-5). Similarly in that year British Telecom, the nationalised
telecommunicatioas company which had been split off from the Post Office in
1981, was privatised. The British public authorities wished tc disengage
themselves: however iun 1983 they launched a five-year ALVEY programme
which was effectively regarded as terminated in 1988. This was a response
to the fifth-generation computer project to which they had been invited,
like the other industrialised countries, by Japan. With funding of
£ 200 million the ALVEY programme is very ambitious but equally very much
upstream of the market, which allows its promoters to explain that concrete
effects will not be felt immediately on the market.
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PUBLIC MEASURES IN RESPECT OF INFORMATION
TECHNOLOGY IN GREAT BRITAIN

Year(s) Tide Value Nowes
1968 Industry restructering  10.5 per Government-backed
centof merger of ICT and
equityin  Enghsh Electric’s DP
ICL Department
1968-73 R&DgrantsforICL. £im Government funds for
unrepaid loans development of inde-
£40m pendent technology
1973-82  Software Product £9m 25-30 per cent grants
Scheme 10 costs of developing
package software
1973-8 Microeclectronics £10m Support for domestic
Suppor: Scheme microelectronics
firms
1973-8 Advanced Computer  £2mpa Support for domestic
Technology Project  $5mpa semiconductor fisms
1976 Component Industry  £5m for domestic
Scheme $9m components firms
1978 Microelectronics £55m S0 per cent grants to
Industry Support $110m R&D and 25 per cent
Scheme (MISP) to cost of productive
investments
1978-81 Microprocessor £4lm For diffusion of micro-
Application $3m electronic applica-
mme nons in industry
1978 Creationof INMOS  £50m NEB sponsored. to
$100m create memory de-
vice firm in Briain
1979 Microelectronics in £10m For diffusion of micro-
Education $18m electronic applica-
Programme tions in schools
1981 MISP extended £30m IT R&D support
1982 CAD/CAM scheme £6m Increase awareness
and courses in CAD/
CAM
1982-6 Flevible Manufactur-  £60m SO per cent grants for
ing Systems Scheme consultancy. 33 per
cent for development
costs
1982-3 Software Product £10m Programme revamp=d
Scheme
1983 Sofiware Product £25m Increased funding
Scheme
1983 Alvey Programme £200m S0 per cent grants o
cooperative [T RxD
projects

Source : P. JOWETT et M. ROTHWELL, 1966, p. 14.
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3.4, The Freach policy

21. The tradition of intervention by the public authorities in the
economy, the so-called "Colbertism", has meant that all governments in
France are interested in the functioning of industry, but ia the case of
the electronics industry this has mainly been th.: case since 1967. This
intervention is accompanied by larger or smaller levels of financing (cf.
Table 1IV-8) and by frequent restructurings. Recently the most sustained
attempt at intervention was carried out during the socialist goverament of
1981, the firat which France had had for nearly twenty-five years. The
State proceeded to establish the designation and configuration of national
poles in various fields : compounents, general and office(*) informatics,
telecommunications, production(**) informatics, professional electronics
and mass consumer electronics. Simultaneously the State nationalised o~
assumed a majority shareholding in all the major French groups srouand which
these national poles had been constituted. The whole was more or less
included within the framework of a Four-Year Plan (1983-1987) of 140
billion French Francs (55b FF charged to the State) and the Plan d'Action
Filiere Electronique (PAFE, or Action Plan for Electromics Production) of
which the public authorities had great hopes, including a very rapid
iocrease in employment, the balarcing of external trading, the recovery by
French industry of its former technological level and, obviously, rising
production. Within the plan, side by side with a weakly-structured PAFE,
there were also a mini-informatics plan, a micro-electronics plan, a plan
for passive components, an imaging plan, a "productique™ plan(**) (for
modernising the coanverting industries), a PUCE(***) programme (so that
suall and mwediuva sizes firms could introduce Freanch electronics components
into their products) and a super-calculator plan called MARISIS, The
overall guidacce (and part of the financing) of PAFE is the responsibility
of the DGT (Direction Generaie des Telecommunications) which was also
continuing the Telematique plan, launched after the 1978 NORA report.
France was engaged in the creation of a data transmission network,
TRANSPAC, with a consumer version which resulted in MINITEL and its first
electronic directory service launched in 1983. This videotext service is
the largest of all other natiocnal trials (several million users). The DGT
has also launched a cable plan, with relatively modest results. After
1986 a new government launched a privatisation programme which affected
most of the electronics firms, which had not however waited for this to
happen before taking decisions which were not in accordance with State
directives, Whilst the State continues certain financing operations it
seems, for the time being, to have abandonned the idea of regrouping them
into a massive structured whole,

(*) "Bureautique” in the original French.
(**) "productique” in the original French.
(#%*) "pyce” is the French for “"chnip”.
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FRENCH STATE AID FOR THE

ELECTRONICS INDUSTRY (1967-1981)

Branche

Firmes bénéficinires

Période 1967-1971

400 millions de francs
pour frais et marchés

L

Grosse informatique C.Li. d’étude, 125 millions de
francs de préts+ 10 mil-
lions de francs (1)
. 100 millions de francs
Péri-informatique SPERAC. (marchés d'étude et crédits
de développememt) (2)
Composants Sescosem 100 mms:.:nl?i::s I’;;;;cs sub-
Cl:"T"&'::"l"' ?‘(’;"[‘_:‘:' 12 milliards entre 1954 et
yon pe C-O-E-) | 1965 (2¢, 3¢ et 4¢ plans)
Télécommunications G35.A01P, 4 milliards par plan
LMT.LTT., _ |y milliards e
C.G.C.T. (groupe I.T.T)|12 ™ pendant
. S« plan (1966-1970) (3)

In 1971 the 2nd "Calcul Plan” was instituted:

the State signed & four year agreement with industrial-
ists (1971-1975) with a budget of 1315 wfF for informatics, peripherals, cosponents, software and
research. This was also the time of major investments intended for extending the telephone system (*)

with support for research through the CNET for dgigital telephone exchanges.

(*) The growth of the French telephone system has been spectacular, from 5 million lines in 1972
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3.5. The ESPRIT programme

22, The halting of the ALVEY prograsme in Great Britain and tbe slowing
down of the plans in France are in contrast to the wore marked voluntarism
of West Germany, but all are accomodated within an effort made at regional
level within the framework of the European Economic Community. Amongst
the various programmes which touch on electronics and which simultaneously
involve several European countries is ESPRIT, the European Strategic
Programme for Research and Development in Information Technologies, a very
interesting example for several reasons wmaking it the only existing
programme which operates effectively as a cooperative programme, uniting
several States and several industrial groups.

23. The formation of ESPRIT is due to Vicomte DAVIGNON, Commissioner for
Industry at the European Communities, who put forward the idea of such a
programme at the meeting of the European Council at Dublin in November
1979, Vicomte DAVIGNON, the king-pin of the project, succeeded in masking
a group of the most important European electronics companies, including
AEG, Bull, CGE. GEC, ICL, Nixdorf, Olivetti, Philips, Plessey, Siemens,
Stet and Thoamson, meet together to form the round table of the "12". The
proposal put to them was quite clear: if at least two different
nationalities work together on a joint research project then for every ECU
invested in it the Community would add another ECU. This was nothing more
nor less than the launching of an idea for a research association on the
lines of the MCC (cf parapraph 7) whereas such a project in one or other
European country could seem ridiculous because of a lack of firms and
manpowver, This was not easily achieved since the firms concerned were
competitors, many were national champions with a protected market and
European nationalism (including that of language) remained very
conspicuous, so that the initial steps were hesitant.

24, It was also necessary to convince the politicians and not to fall
foul of the laws of the Treaty of Rome, in particular those on competition,
If there were to be projects it was necessary to ensure, in on2 way or
another, that the width of their scope should 1illow any competent team to
take part, irrespective of the firm to which it belonged: this was clearly
in the interest of all. Similarly, and although the programme was
essentially concerned with industrialists' projects - this being the MCC
side ~ it would also be of interest to effect an opening up to university
or public research centres, as in the case of the SRC (cf paragraph 8).

25, ESPRIT was to go beyond the MCC and SRC forms ‘f association, which
had been implemented at the same time, In fact ESPRIT had a Task Force
for Telecommunication and Information Technologies (TFTIT) which in 1987
became DG XIII, which forms part of the European Communities Commission and
which piloted the programme: a plan of work established by consultation and
dialogue with more than 300 experts resulted in the defining of a call for
tenders. The teams involved met to set out their proposals and a meeting
of the proposers (there were 800 participants in 1985) for subsequent
discussions on harmonisation. Finally meetings of independent experts
selected them, subject by subject, after analysis, discussion and a final
report. This is much less directive than operations of the type of MITI
or the VLSI Plan: the participating enterprises were not nominated and the
projects were not drawn up by one specific laboratory. However there are
similar points: the actions are targetted and contained within a whole
wvhich is designed to raise the 1level of European scientific and
technological putential in regard to electronics.




26. A pilot phase started up in 1983 and ESPRIT was adopted by the
Council on 20.2.1984 and so was launched for a period of tem years. A
first phase, ESPRIT I, was to cover the period 1984-1988 but the proposed
EEC budget of 700 million ECU was soon totally comnitted iun 201 projects
involving 240 industrial partners (130 of these being firms with fewer
than 500 employees) and 2900 research workers. In the autumn of 1986 it
was therefore envisaged that ESPRIT II should be launched. After some
delay this was agreed with a budget twice as large and with ten times as
many research workers, all to be integrated into an overall EEC programme
for the promotion of research. ESPRIT 11 was designed to involve less
fundamental research and more technological research directed towards the
products of the future. The principle nevertheless remained that of pre-
competitive research which avoided coming under the scope of laws on
competition.

27, The programmes which were implemented seemed to progress the
scientific and technological potential of the partoers effectively in
fields which were known to be backward. ESPRIT I and ESPRIT II attacled,
amongst other subjects, integrated production by computer, a field of
considerable importance since it corresponds to what we have termed
mechatronics when considering the history of the actions of the Japanese
MITI. By contrast it was necessary to emphasize the weakness of Europe in
informatics and in micro-electronmics. In informatics the emphasis was
placed on the establishment of European standards, on the possibilities for
inter-operability of equipment to allow real competition. Great progress
has already been made in this direction. Let us look briefly at another
field in which Europe is weak, micro-electromics. The projects which are
in progress, and which are now well advanced, give rise to hopes of
recovering a return to the world level of technology in this field: it is
here that the importance cf these programmes is to be seen. Table 1IV-9
shows, by way of illustration of this, some of the micro-electronics
projects of ESPRIT I.




Table IV-9 : SOME MICRO-ELECTRONICS PROJECTS LAUNCHED
WITHIN THE FRAMEWORK OF ESPRIT 1
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4, TECHNOLOGICAL COMPETITION BETWEEN THE NATIONS

28, The overview which we have provided of the programmes launched by
the various industrialised countries provides evidence that all countries
feel implicated at a collective level by the renewal of their industrial
apparatus so as to bring them into the age of electronics. This seemed to
them to be a necessity if they were to make good showing in the
International Division of Labour and to put back into order their economies
which for at least fifteen years had moved away from full employment and
growth to enter into a period of crisis. This general desire for
industrial change centred on electronics stimulated a techmological race in
vwhich cooperation was seen as well as rivalries: nations, like firms,
appeated as cowpetitors. Simultaneously their wmultiple actions are
convergent. They are designed to convert the wmachines industry into
mechatronics (Table 1IV-16) and to facilitate and to wultiply
communications, since it would seem that information was, with
mechatronics, the way to make major improvements in productvity. This has
also led wmore of less everywhere to promoting the deregulation of
telecommunications (Table IV-11) and, finally, to wish that the machines
which process the info-mation should do so in a non-mechanical but
intelligent manner, and so they have launched projects in the field of
artificial intelligence (Table IV-12).




4.1,

Mechatronics

Table IV-10 : SOME PUBLIC PROGRAMMES FOR THE DEVELOPMENT

OF MECHATRONICS IN THE EUROPEAN COUNTRIES

|Country

Nature of p-ogramme

GERMANY
(production and
diffusion)

FRANCE

diffusion)

ITALY
(production and
diffusion)

UK
(production and
diffusion)

NETHERLANDS
(diffusion)

BELGIUM
(diffusion)

DENMARK
(diffusion)

SWEDEN
(diffusion)

{production and

New Production Technology Programme (1984-7:
DMS.J million); CAD development (DM 160 million).
Estimated total grants between DM200 and DM300
million per year (Federal plus Lander support).

National Machine Too! Plan {1981-3: FF2.3 billion),
Fonds Industricle de.Modernisation (FIM): aims at
mobilizing savings for investmen in advanced
manufacturing; Automatics and Advanced Robotics
(ARA) Programme; eic.

Mechanical Engineering Technologies Project (follow-
up of 1979-83 *Industrial Automation Project):
LIT31I billion over S years; Special Fund for
Technological Innovation: from 1982 appr. LIT3.650
billion; since 1983 Bill N 696 supporting SMEs 10 buy]
NC machine 100ls: 1983-5 period 1.1T90 billion in
funds.

Department of Trade and Industry programmes
(1981-6): production techniques (£90 million);
production and development of microclectronics (£50
million); Microelectronics Applications Programme
(£50 million); use of Science and Engincering
Rescarch Council in programme on the Application
of Computers 10 Manufacturing Engincering (ACME)|
£4 million in 1983.

Demonstsation projects for in.roduction of flexible

manufacturing systems; 1983 budget around DFL12
million. Stimulation of Innovation (INSTIR) project
supports wage costs (DFL1100 million).

Action plan for microelectronics technology. Robotics
budget: BFI00 million (to1al budget: BF2.655 million).
CAD/CAM support only for R&D for applications iny
the design and production of integrated circuits.

Technological Development Programme 1985-9
promotes information technology in main industrial
sectors (sotal budger: DKR152S billion).

*Robot-84° campaign. provision of risk capital for
demonstration projects and awareness campaign;
feasibility studies are undertaken and support for
training programmes of around SEK108 million since
1983.

Sowrce: Social Europe. special supplemens 1986, own obyervaions

Source : G. JUNNE, R. VAN TULDER, 1988, p. 170.
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4.2. Deregulation of telecommunications

Table IV-11

DEREGULATIONS OF TELECOMMUNICATIONS IN THE
UNITED STATES, GREAT BRITAIN AND JAPAN *

Etats-Unis

cialisé dc MC1.

1973 : Computer lnquiry 1. ke «Yalua»
inf N e L
Aﬂa}mfmtnmmdel‘hlor-

" pous parager et revendre du transport.
lm:lemﬁyll.umﬂzkm
sont soumis 3 ba concurrence.

1982 : Décision du juge Greene. A partr de
1984_ ATT scra coupde en 7 compagnics
Fintenurbain et I'international, scs usi-
fies et acquient e droit de faire de Fin-
l«mﬁqundcuhmmlum-
chés éuangers.

lm:Misceuphadehmmem
ATT des compagnics locales BELL.

1986 : Computer Inquiry 111. Ls FCC (Fede-
ral Communication Commission)
revient en amere.

lm:AﬂanOC(BcUOpcuiﬂCom-
pmics)uuompluconuaimsdcm
tituer Ges filiales séparées pous commes-
caliser madricls et services 3 valeur
sjoutde.

Les principss
Distinction cntre les services de base (trans-
port pansparent d'informatios), €t Jes services
schi wuu’-|mmum'm’ ‘awe “"h.
formauon. Les premiers sont régulés et les
sutres soumis & la concurrence.

Qui foit quoi?

Awsorieés régulstrices : Elles dépendent du
Kgislatil. Au niveau fédéral : Ia FCC (Fédéral
Communication Commission). Au miveau de
chaque Eut : b commission des services publics
(PuQ).

Trafic locsl 1 régional courte distence :
Monopols des 7 sociésés régionales BELL ou
de compagnics indépendames (GTE st ka plus
grosse). Les compagnies soot réglememées,
assujetiics 3 des contraintes de service pubbc -
desserte des roncs non renuables, tarifs peré-
Qués,. .

Trafic inserurbein gronde disiance : c'est le
régime de ks concurrenze rigiementée. Trois
opérateurs principaux : ATT (85% dv mars-
ché), MCT (6%, IBM 3 16% des actions),
GTE-SPRINTS US (4%). Les arifs somt
approuvés par Ia FCC.

Trafic international : concutrence °ATT-
MCI1-COMSAT et des revendeurs.

Services envichis (Télémaotique). La righ est
s concurrence. Les optrateurs offram des sex-
wvices de transport pevvent concouris § condi-
tion de e pas SUbvEnLONNCT €Xs SETVICES pas
Jes gains réalisés avec Jc transport.

De fait, la nouvelie réglementation s imcité
Jes opérateurs de transport b intégrer de nou-
welles activitds : locations, ventes de matéricl-,
(ATT en Ewrope...).

Les grandes éuapes
1969 : Le Dritish Post Office devient un éa-

1981 : Révision de s Mgisiation. Drux Jois, une
pour Jes iicommunications, une pour
is diffusion. Bricish Telecom nait par
séparation de Is poste. La concurvence
e introduite pour les terminaux.

1982 : Création de Mercury

1984 : Séparaton des fonctions réglementation
« opénatews. British Télécommunication
et en partic privatisée.

Le principes

On distingue :
— les opéraveurs pudlics, qui gérent bes instal-
lstions permettant ke pur Uansport d'inflorma-
tion; ils sont au nombre de deux, British Tele-
cnm (BT) e1 Mercury; leurs droits et devoirs

Grande-Bretagne

sont fixés par sne autorisation spéciake, stipu-

lant les contraintes de service public, FMinterdic-
tion dc sabventions croisées et les domaines
interdits.

— Les opérateurs de réseaux  valeur sjoutie
(services ¥iématiques); ils sont sutorisls par
une beence géndrale identique pour tous. -

Qui faif quoi?

Le pouvoir réglemzriaire r3t exerct par ke
minisiére du commerze et de I'industrie, DT1,
qui peut le déléguer en partic & un office
{OFTEL).

Réseou locol : BT 8 ke quasi monopole. Mey-
cury 8 des conncuon, disectes avec les grands
compies b Londro, dans la City.

1932 : Créstion d¢ Pentreprise publique Nip-
pon selegraph and wlcphone powr le
réscau aational ¢t de KDD, eatreprisc
privie, pour ke réscas inscrnational.

1984 : LoZ sur les aiécommunications et Joi sur
Ie statwt de NTT qui commence & deve-
fir une entreprise 4"600NOMIC MixC.

Les princi

Ls réglementation distingue Jes possesseurs
d'infrastructures ct kes antres opirateurs qui
vffrent des services wlematiques.

Qwi fait quoi?

Awtoritt régulazrice : la Ditre (Jois) @1 ke
ministére des PTT (réglements).

Riéseou locol : ke monopole est confic & NTT
concurrent. Les tarifs sont contrdiés. NTT ent
soumis 4 des contraintes de service public.

Résevu inserurbain : concurrence, régime
d'sutorisation avec contrbie dos PTT. Six
cencurrents de NTT som sutorisés.

Réseou international : monopole de KDD.
Le ministére des PTT prépare Fouverture d b
concurrence.

Services wiémotiques : on distingee deux
caégories :

Les services spécioux metient en ceuvre des
réseaux importants (plus de 500 circuits &
1 200 bit/s) offests & une chentdic vaste & diver-
sifite. fls peuvent &uc cuvens sus F'étranger.
L"opérateur doit obienis wne sutdrisation 06
il s'engage A déposer ses wsifs et & me refuser
SUCUNE CORNEXION.

Les services ordinsires correspondent 3 b
majorié des services siématiques. B suffit
d'une simple déctarstion. On compte 8¢ deux
cents services de ce Type.

Source : France Télécom, n® 62, juin 1987

Réseau netionel e1 internations! : concus-
rence entre BT e1 Mercury. Ls pan de marché
de Mercury est ués petite. Mercwry construit
un réseau en fidbses opliques 1 quelques com-
mutateurs éképhoniques.

Services & voleur gjoutts (VAN) : régme de
:::‘cunmc sous licence en cours de redéfini-

La sivauon actuelle se zaractbnse par une
nouvelic dynamuque ds BT qu ceuvre pour que
V'Angleterve devienne la plaque tournanie des

l'lllcommumunom internaisonales de
I'Europe.

* Ce sont les trois pays ayant & ce jour pris des mesures importantes de déréglementation




Artificial intelligence

Table IV-12 :

RESEARCH INTO ARTIFICIAL INTELLIGENCE

THE THREE PRINCIPAL GLOBAL PUBLIC PROGRAMMES FOR

Fonds publics en 1

DARPA [ee § SERC
Organi sme (DoD) (MITI) (Dept. of Industry)
'''' brorer T Siategic Computing 3G | Alvey Programe
T hrie T s s | sams ()
(puis prolongé)
""""""""""""""""""" e U U T e [y
10 S 10 Y |10 $() 10 t |10 $(a)
1982 - 0,5 1,6 2,0 3,5
1982 - 2,7 11,6 28,5 43,2
1984 50 5,1 21,5 48,0 64,0
1985 95 4,8 21,7 56 81,9
1986 (p) 150 12,0 55,0 64,5 94,4
1987 (p) 155 12,0 55,0 64,5 95,8
1988 (p) 150 12,0 55,0(e) -
Totaldes‘ """"""""""
fonds publics 600 100,0 400,0(c) 264,5 383,0
TGrand total ®) ] o (@) | 50,0 J1000 | 352,0 | 58,0
e T R T 55 | -

(a) aux taux de change courants, sauf aprés 1985 :

1 $: 220 Yens et 1,463 L

(b) au taux de change de 1982

(c) 550 M $ avec le privé si tout est réalisé

(d) 1a DARPA planifie un total d'un milliard de dollars d'ici a 1990-1992

(e) la sonme est de 221 en 1988

(1) une faible partie d'Alvey (environ 10 %) est spécifiquement orientée IA

Source : CERDIC, d'aprés les données des tableaux précédents.
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1. THE GENERAL MOVEMENT

i. The electronics industry has developed by a double movement of
growth in the existing markets coupled with the multiplication of its
applications. Amongst the latter the processing of information, or
informatics, is certainly the wmost spectaular of all the “new"
applications, new, that is, if one refers to the inter-war years when the
dominant branch was wmass consuser electromics (MCE). One of the
characteristics of the post-waxr electromics industry, particularly during
the seventies, was the replacement of consumer goods by capital equipment
poods. Thus between 1957 and 1986, in the five leading industrialised
countries, the share of MCE in the electronics equipment market fell from
30% to 157 (see Annex A8), giving way to industrial equipwent. The second
characteristic of the past evolution of the electronics industries is the
considerable fall in the price of equipment, a fall which has been faster
than that of the price of the electronic components and the raw materials
used in their manufacture. Whilst facilitating the diffusion of new
applications this situation has nevertheless made competition more intense
(cf. Chapter III). However very rapid technological evolution has sade an
effective contribution to the dynamisa of the market. The ephemeral
nature of the market can be shown by the fact that 53X of the turnover at
Hewlett-Packard was contributed by products less than three years old: 21%
was due to products which had appeared during the year. This is the
dynamic which has contributed towards the growth of the markets for the
electronics industry in the major industrialised countries (Figure V-1).

Figure V-1
GROWTH OF THE MARKETS FOR ELECTRONICS IN
THE MAJOR INDUSTRIALISED COUNTRIES
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2. As a result of this considerable grcwth the markets for the
electronics industry finished by representing a con:ziderable proportion of
economic activity. Taking into account the available figures for some
industrialised countries (US, France, West Germany, Japan and the UK) it is
possible to estimate the share of these markets in the GDP: in 1957 the
figure was already 2.5%, by 1986 it was 3.9% (Figure V-2). It should be
noted that this rise took place despite the rise in the contribution of
services in Western economies, and also despite the persistent inflation of
the seventies. Electronics products had, as we have already seen and
unlike other sectors, fallen in value over the whole of the period, One
may coansider, therefore, that this ratio is characterised by a nuserator
effectively calculated in terms of volume and a denominator (the GDP)
calculated in current values. We know that, in the United States, the
electronics industry accounted for 7.57 of the total manufacturing
production in 1975 and 15% in 1986. By the year 1995 this ratio should
have reached about 32%, or ome Dollar out of every three in manufacturing
production would represent electronics.

Figure V-2
THE ELECTRONICS MARKETS AS A PERCERTAGE OF THE GDP

¥

Etats Unis
Royaume—Uni

Japon
RFA
™} France
Source :GERDIC
3. The end of the eighties was a severely disrupted riod for world

industry. After the strong recovery of 1982-1984 there followed a period
of recession, and then of moderate growth, which particularly affected the
electronics industries since the competition engendered the accumulation of
excess production capacities, in particular in semiconductors 2.4 in
informatics. The Stock Exchange crash of 19 October 1987 also cast a
shadov on the prospects of growth, even though the previous pessimistic
forecasts vere exceeded. In fact the forecasting institutes are agreed in
envisaging an honorable level of growth for the electronics industry. In
the United States the increase should be 7.2% in 1988 according to WHARTON.
In all fields investments in equipment goods seem to be recovering. MCE
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should grow by 9% and the semiconductors market by 9.1X. The same trends
seem to be operating in Europe, the more so since investment income is only
a8 transitory and sarginal part of the income of Europeans. The influence
of the Stock Exchange crash will probably be even more moderate in this
region. According to Dataquest the European markets should increase,
between now and 1992, by 50X for 32-bit micro-computers, 3% for digital
telecommunications and 26X for cellular radio. Finally in Japan the
domestic market should be the driving force behind the growth of the
electronics industries. The recovery plan of July 1987 will have
contributed to a not inconsiderable extent to the maintenance of growth.
Thus in 1987 electronics production in Japan increased by only 2.6X but
exports fell by 2.2% (25.4X of this for MCE). The domestic market showed
an increase of 7.3%, 11T for KCE. As a result of this recovery on the
domestic market the EIAY is counting on an inmcrease in production of 7X
in 1988; this imdicates that Japanese electronics production will exceed
Us$ 150 billions.

&, The prospects for electronics do not therefore seem to be troubled
by the cyclic wvariations in the world economy. Most recessions in these
industries are provoked by endogenocus causes, Howvever, most experts

consider that the growth of the electronics industries over the coming ten
years will, with the exception of software, be less than that of the
previous ten years, all other things being equal. This forecast will not
be valid within the context of a revision of the position ot the IMF or of
the major world banks in respect to the debts of the developing countries.
Whatever the position the consultants Henderson Ventures consider that the
production of electronics equipment (that is to say excluding cmnentss
should rise in_all the market economy countries by 11.8% between 1985 and
1990 but by 10.3% between 1988 and 1990 as compared with 11.6% between 1990
and 1995. In the United States alone, ind over the same periods, the
rates of increase will be respectively 11.2%, 9.4% and 10.5% (Figure V-3).
At a8 more detailed level, but in a shorter term, the BIPE shows very
different evolutions in the various segments of the market. These data,
summarised in Table V-1, show the favoured fields of automation
(mechatronics), opto-electronics and laser disk drives.
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Figure V-3

WORLD MARKET FORECASTS FOR ELECTRONICS EQUIPMENT
(UsS$ billions)
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Source : GERDIC &’ aprés les statistiques 4’ lHenderson Ventures.
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ANNUAL RATES OF GROWTH IN VARIOUS FIELDS

OF ELECTRONICS (1984-1990)

Table V-1
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2. Informatics : iancreasing power

5. The most characteristic braach of the electronics industry siance the
Second World War is the information processing or informatics iadustry,
which remains a challenge to global competition. Whilst the beginning of
the eighties was notable for the diffusion of “elementary” micro-
informatics the market has now opted for micro-informatics systems at the
top of the range. Already the multi-user wmicrocomputers of Sun
Microsysteas or Apollo Computer Inc. are coming into cowpetition with mini-
computers and even the universal computers in the fields of CAD and CANM.
In the United States in 1935 microc ters should represent a cousiderable
part of the market (Figure v=4). Such an evolution should result in the
disappearance of minicomputers and will require a complete redefining of
the product ranges by firms such as DEC, Data General, Nixdorf, Hewlett-
Packard and Philips. By vay of illustration the Series 1000 system of
Arete Systems Inc. is capable of carrying out tasks at present handled by
DEC's VAX 780, but is very considerably cheaper. Even the dominant groups
in the BUNCH (BURROUGHS, UNIVAC, NCR, CDC and HRONEYWELL) or IBM will be
required to manoeuvre since medium and large universal computers will no
lounger be built using exclusive hardware and software. Locking the client
into non-transportable software will no longer be considered, as was
formerly the case, Victims of their basic hardware the producers of
mainframes (universal computers) or minicomputers run the risk of remaining
fixed *~ the architectures of the traditional systems (Von Neumann
proces: .) and, farthermore, they manifest some lethargy in locating
themse.i._s in the new field of competition. However they have adequate
cashflows and their historical acquisitions to operate a spectacular
reconversion.

Figure V-4
THE STRUCTURE OF THE INFORMATICS MARKET IN THE UNITED STATES
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6. Whilst most computers handle data in series the never wmachines are
built around parallel processors which allow data to be processed
simultaneously. In 1986 the world market for such wachines remains

embryonic, representing about 50,000 machines and a total value of
US$ 31m.The value of this new type of architecture is that it considerably

increases the speed of calculation. Many projects remaia in the
laboratory, but the major constructors have already announced products of
the fifth generation of computers. IBM has shown its RISC (Reduced

Instruction Set Computer), AIT is working with DARPA, an agency of the
Ministry of Defense, on a parall:l computer with speech recognition, and
DEC has defined, with the Carnezy-Mellon University, a Parallel Process
Architecture (PPA). However the: introduction of this new generation will
result in the sudden obsolescence of all ranges of machines at preseat in
use, the more so since the sof:ware will not be transportable to the new
operating systems, often based on ATI'S UNIX. This is why the principal
sellers of vectorial machines are small independent firms such as SEQUENT
COMPUTERS, ALLIANT COMPUTERS, N-CUBE or PARALLEL COMPUTERS. Called
Crayettes, by way of allusion to Cray Research, the super-computer
manufacturers, they offer minicomputers of very high power which are now
competitive with the traditional computers, as we have seen in the previous
paragraph. Despite the reticence of the traditional manufacturers this
"parallel processing” will extend outwards into all types of hardware
(Figure V-6) and should account for more than 30% of mainframes and 25% of
super-minicomputers by 1991: it is already used in most super-computers.

Figure V-6
WORLD APPLICATIONS OF PARALLEL PROCESSORS UP TO 1991
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7. Personal cowputers have also turned the profile of the industry
upside down by allowing the development of companies such as Apple, Compagq
or Tandon. Sioce its birth at the beginning of the eighties this market

has benefitted from a double-figure level of growth im such a vay that many

firms have been tempted to enter it, 1leading to incessant price wars

particularly since households have abandoned home computers to adopt the
IBM PC-XT or its compatibles. The introduction of the new IBM model,
the PS/2, built around the Intel 80386 32-bit microprocessor aud using
Microsoft's 0S/2 operating system, has increased the dynamism of this
market and has led Apple to announce price reductions on its MacImntosh II
and MacIntosh SE wmodels. BEvaluation of this market is difficult, given
the large number of producers in the world. The EIC values it at
US$ 20 billion in 1986 and expects a growth of 12% between now and 1992.
From its side DATAMATION estimates the 1987 wmarket at US$ 23.7 billionm:
this would seem to be slightly underestimated when compared with that by
Dataquest (Figure V-7).

Figure V-7
WORLD SALES OF MICROCOMPUTERS BY AMERICAN PRODUCERS
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8. Taking these evolutions into account the market for minicomputers is
subject to major upsets, particularly at the top of the range (machines
costing more than 500,000 FF). Caught between the super-minis and the
super-micros (microprocessor-based systems) the response of the industry is
to propose vectorial processors (cf. 6): DEC is preparimg its Vector VAX
and IBM has announced its Silverlake, Despite that, the growth of this
market is not likely to reach that of the other segments of the imformatics
market. A stagnation in the number of units is more than probable, the
grovwth in the market being carried forward by the increasing power of these
computers. It should at least reach 9% (Figure V-8). The manufacturers
of mini-mainframes risk being amongst the victims of this change (Data
General, Prime Computer and Wang), whereas those firms which have chosen
niches (NCR, Siemens and Tandem Computers) will be less affected,
particularly when then have opted for a UNIX environment. By contrast the
market for the super-minicomputers, still dominated by IBM (22%), DEC (17%)
and Hewlett-Packard (15%) should continue to grow significantly at more
than 20X a year to reach US$ 13 billions in 1988 as against US$ 8.5b in
1986, that is tc say about 100,070 machines sold every year as compared
with 65,000 in 1986.

Figure V-8
PROSPECTS FOR WORLD SALES BY AMERCICAN PRODUCERS
OF TOP OF THE RANGE MINICOMPUTERS
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9. The other segm~at of the market which has been disrupted by
technological evolution is that of the universal computers or mainframes.
Analysts consider that two-figure growth is now part of the past of this
industry. Most buyers are now turaing from large systems and buying
smaller and less expensive systems or superminis, The redistribution of
calculating power between a number of systems rather than being carried out
by a central processing unit is becoming widespread. In fact with the
arrival of 32-bit office or desktop computers, which can carry out several
million operations per second (MIPS) the price/performance ratio is well




-209-

below that uf the traditional machines. By contrast the cost per MIPS has
risen, in the IBM range, with the number of MIPS the systea is capable of
carrying out. Finally the market is suffering from the relative scarcity
of suitable applications programs. This explains the poor results of IBM
in this segment of the market. The Armonk coapany, for which it
represents 25% of its turnover, has suffered from a collapse in sales of
the 3090 Sierra (-20%) to such an extent that the growth of IBM is now in
the hands of micro-informatics (its 0S/2 wodel) and software. With an
expected growth of 7% in 1988 this still healthy market will definitely
have reached its wmaturity, and reconversions or difficulties are now
apparent in the case of some producers. The wmarket represented
US$ 26.9 billion in 1987,

Table V-2 : MAINFRAMES TURNOVER OF THE PRINCIPAL PRODUCERS
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Souvrce : GERDIC d apres DATAMATION.

10. Competition is also becoming more severe on the super-computers
market: there are now more producers than ever before. The dominant
firm, Cray Research, after having dethroned Control Data, is now
experiencing competition from Japanese and North Americam firums
(Figure V-9). 1In Japan the three principal comstructors, Fujitsu, Hitachi
and NEC, are in violent conflict with NEC being the most active, trying to
penetrate the American market by way of an agreement with Honeywell. The
latter will market the SX-2 in North America. Furthermore Control Data
(CDC) has facilitated the creation of a new company, ETA Systems Inc, in
which it has an 89% shareholding. The ETA 10 is marketed in Europe
through the CDC network. As far as the new firms like CHOPP Computer and
SAXPY Computer are concerned their role on the market remains negligible.
In Europe the prototype SUPERNODE which is a result of ESPRIT was shown in
the Autumn of 1987, The price ranges of these machines show to what an
extent the buyers club is favoured (70 new machines a year). However the
market is growing very rapidly, at between 251 and 30% a year, whilst
prices are falling; the Cray 1, launched in 1976, cost US$ 10 million

vhilst a machine twice as fast such as the ETA-10Q costs US$ 8m. The high
rate of growth 1is also explained by the increasing needs for modelling

techniques in the aeronautics, automobile and nuclear industries. However




-210-

this segment of the market remains limited since it only accounted for
USZ 705m in 1987 if one excludes vectorial processors, minisuper—computers
and the top of the range of mainframses.

Price of a configuration (US$ millions)

ETA-10 8-22

NEC §X-2 15-25

CRAY-MP 4-20
Figure V-9

MANUFACTURERS ON THE SUPER-COMPUTERS MARKET IN 1986
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3. SOFTWARE : THE CROSSROADS
11, It was in the middle of the seventies that the real measure of the

crucial role of software in the world electromics industry could be taken.
The value of this market is very difficult to evaluate, depending on
whether informatics services o- software maintenance are incorporated in
it. Whilst the hundred leading firms in the world software industry had a
total turnover of US$ 17.0b and US$ 15.2b respectively for software and
services, according to the DATAMATION wmagazine. EIC, the Electromics
International Corporation evaluates the market at US§ 66.5b, of which
applications prograas and customised software account for US$ 38b. With
an_extremely low_entry cost this industry has enjoyed a level of growth
which has remained between 10X and 20% per year, and it should maintain
this level up to the middle of the nineties. Decentralised informatics,
born with the mini-computer and widely disseminated with the development of
micro-computers, has considerably modified the profile of this industry.
The adoption by IBM in 1981 of the MS/DOS operating system from the
independent firm Microsoft characterises this new situation of the eighties
vwhen the 1SV's (Indepndent Software Vendors) were able to impose their
standards (Figure V-10). The explosion of the market led in 1984 to the
establishment of the first international softvare exhibition, SOFTCON, in
New Orleans,




Figure V-10
BREAKDOWN OF THE SOFTWARE MARKET BETIWEEN EARDWARE
MANUFACTURERS AND INDEPENDENT SOFTWARE VERDORS
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12, However this iadustry still has recourse to archaic production
wmethods. Whilst the power of computers is doubling every two or three

years, and the leagth of the programs increases by 25% a year, the number
of programmers is only iancreasing by 4X. Furthermore the older softwares,
installed some tweanty years apo, have been modified to keep up with
evolutions in needs and hardware. Wodifying these programs is found to be
increasingly difficult, and reduces their efficiency. The maintenance of
softvare now absorbs 60 of information processing budgets. These
coastraints have favoured the development of CASE (Computer Assisted
Softwvare Editing). Initiated by France and Crest Britain within the
framevork of an ESPRIT project with financing of US$ 690m CASE has nov been
taken over by Japanese industrialists in the SIGMA project (US§ 200m).
According to Texas Instruments rt CASE stems should represeat a
warket of US$ 2 billion by 1992, The spread of CASE clearly influences
the forecasts for the growth of the market. International Deata Corp.
evaluates the 1990 United States market for applications software as about
US$ 40b: according to this company it was US$ 8b in 1983 and US§ 21b inm
1986. In Europe the market will tend towards US§ 25b by the date of the
application of the Single Act as against US$ Sb in 1982 (Figure V-12).
The EIC forecasts slightly more modest rates of growth, of the order of 20%
to 22%Z, but these will nevertheless remain very satisfactory.

Figure V-12
FORECASTS FOR THE EUROPEAN APPLICATIONS PROGRAMS MARKET
(US$ millions)
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13. As in the case of the conventional softvare the operating systeams
(0S) are also lagging behind the new computers. Software which emulates
the essential functions of the machine must carry out tasks coamon to all
aspplications softwares. The first generation of 0S5 for micro-computers
wvas Digital Research's CP/M, dethroned by Microsoft's MS/DOS. But the
software designers proposed integrated applications which simultaneously
emulate several programs while each program, iuncreasingly simple for the
user, has more and more functions wvhich demand more memories. An 0S using
NS/DOS can control only 640k of central memory, a capacity which begins to
be obsolescent in respect of the requirements of users and the potential of
the technology. This lag is even more clearly seen with the widespread
use of the Intel 80386 32-bit microprocessor. Although it can
simultaneously activate different progrems and use considerable amounts of
senory this microprocessor has not so far found an 0S wkich optimises its
utilisation. With the IBM PS/2 Microsoft has offered the operating system
0S/2 so as to maintain the domination of DOS ia micro-informatics: in the
United States is likely to rise from 68X in 1986 to 84X by 1990.

14, By comntrast in other fields of informatics the search for an
international standard and the transportability of applications software
has led increasing numbers of manufacturers to adopt *he UNIX 0S, developed
in 1969 by ATT. Initially marketed by the manufacturers of multi-user
supermicro-computers, such as Altos Computer or Plexus Computers, UNIX is
finding increasi numbers of applicatious in the flexible worksho
CAD/CAM and super-computers. This is why INTEL has configured its new
family of 80X86 microprocessors to work under UNIX, On 17 May 1988 the
consensus of manufacturers resulted in an_agreement between IBM, DEC,
Apollo, HP, Bull, HNixdorf and Siemens to develop a new stsndard derived
from UNIX. Despite its purchase of Sun Microsystems, a company producing
work stations, and its desire to control coming developments in this O0S,
ATT lost control of its software. However ICL, Xerox and Unisys (the
result of the Burroughs-Sperry merger) rallied to Sun-ATT. The stakes are
high, representing the last chance for ATT to maintain its place on the
informatics market. If one computer in a hundred was operating under UNIX
in 1981 <this market will need to be multiplied by twelve, in Europe,
between now and 1991. Apple itself announced a UNIX 0S for its
MacIntosh I1 in February 1988,

15. Artificial Intelligence (Al) covers many fields of applications in
vwhich specific software loaded into sufficiently powerful machines makes it
possible tn offer diagnoses, to assist design work, to translate texts,
etc. The software used in these expert systeas refers to reference bases
to "reason” and to arrive st conclusions. This field has been explored
for nearly thirty years now, and Al depends wmore rticularly on two
languages, LISP 1‘ 1958) and PROLOG, which make it possible to process
symbols as well as numbers, in such s way that they are much faster than
other programming languages such as Basic, Cobol or ADA. In 1985 the
first "expert"” softvares appeared, and most manufacturers have now offered
LISP or PROLOG compilers. Many companies have been created and
goveruments are multiplying their finsacing facilities. In this ferment
of activities it is difficult to evaluate the market. In 1985 it was
estimated at US$ 200m in the US: it should reach US$ 4b to 10b in 1990
and US$ 30-40b by 1995, taking hardware and software together. The
softwvare (natural and Al languages) would have represented US$ 60 in 1985,
but the market should increase by more than 60%. Table V-3 sets out the
lower hypotheses.
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Table V-3 : THE NORTH AMERICAN MARKET FOR ARTIFICIAL
INTELLIGENCE (USZ millions)
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4, TELECOMMUNICATIONS : COMPRESSION AGAINST 1SDN

16. The telecommunications industry is, above all, characterised by its
convergence with informatics. In ten years the fusion of the two fields
has been completed with the development of services such as speech

mailboxes, electronic mail and video-conferencing. Simultaneously new
opportunities have emerged such as private networks, smart buildings and
Local Area BNetworks (LAN), From this ferment has resulted the

disappearance of the fronmtier between private and public networks, and in
the same way it has become difficult to distinguish between switching and
transaission. However analysts are agreed in considering that certain
segments of the market will stagnate or decrease in the United States and
in Europe between now and the start of the nineties (Tables V-4 and V-5).
Public exchanges will form a stagnant market, and the same will apply to
PBXs as long as the ISDN (Integrated Services Digital Networks) have not
beea completed. However large firms, whose telecommunications budgets are
considerable by reason of the large quantities of data they transfer, are
forced to bypass the public networks and to replace them with their own
netwvor! . This growing trend should offer an interesting outlet for the
producers of cellular equipment (Motorola, NEC, Marra snd Siemens) and high
speed multiplexers. The growth of these segments of the market should
fall off in the middle of the nineties with the installations of ISDN in
the industrialised countries, Digital networks offer users attractive
services at reasonable cost, so dissuading thea from bypassing the public
networks. The global prospects for the market makes it possible to
envisage the increased sophistication of equipment intended for the users
vhich will result, with the ISDM, in the installation of videophones or
other futuristic comamications equipment. Simultaneously one must expect
8 reduction in transmission costs as a result of the multiplication of
wideband filre optics networks and signal compression-decompression
techniques (CODEC) which will make it possible to increase the nuaber of
data handled by the network. This will affect the market for packet
transmission which will begin to fall off from 1993 onvards in the United
States, after having increased by 25% between 1987 and 1991,
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Table V-4 : FORECASTS OF THE EUROPEAN TELECOMMUNICATIONS
EQUIPMENT MARKET (US$ millioms)
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Table 7-5 : FORECASTS OF THE NORTH AMERICAN TELECOMMUNICATIONS
EQUIPMENT MARKET (US$ millions)
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17. The most dynamic segment of the transmissions market involves the
T-1 wmultiplexers (MUX), the name of which comes froe the technical

. specifications for this equipment which is able to transmit digitised data
at & rute of 1.5 Megabits/second, that is to say the equivalent of 24
telephone couversations, using a single channel. Companies which have
coustructed some dozens of local networks can use them for lomg-distance

. communications using the T-1 WUX. Finally the T-1 allows the fusion of

digitised telephone conversations and data. The price of such equipment,
USs$ 50,000 to US$ 100,000, can be amortised over four to six wonths from
the resultant economies.

Figure V-13
MANUFACTURERS ON THE WORLD MARKET FOR T-1 MOUX IN 1985
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18. The increased power of micro-computers and the speed of signal
processing requires increasingly rapid units for connection to the
telephone network (modulator/demodulators or MODEMs). The standard now
requires a minimum speed of 9600 bits/second. The V.32 standard, as
defined by the CCITT, has not been adopted by all manufacturers, and the
price of the units remains high at US§ 2000 each. This is why sales still
remain limited to applications where cost is secondary in relation to
r formance, On the hypothesis of a fall in prices it is certain that
- this market will develop very rapidly. Hovever price reductions are
difficult to operate as long as the complex CCITT standard increases the
cost price. This is why certain companies, like Telebit, have opted for
their own protocol which the CCITT seeams prepared to accept as a world

’ standard for the bottom of the range of high-speed modems.
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Figure V-14
TURNOVER ON 9600 bps MODEMS FROM AMERICAN MANUFACTURERS
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19. The increasing volume of digital data passing through the
telecommunications network has led to several upsets. The T-1 MUX
represent one of the aspects of this change, but Jata compression and fibre
optics have d4lso caused a techanical break-point. Data compression

provides considerable transmission economies since speech can be
transmitted at 16 kbits/second and images (video-conferencing) at 64
kbits/second instead of the 144 kbps which is the ISDN standard. This
technique partly reduces the attraction of fibre optics since transmission
requirements can be reduced. 1t upsets the modem market since it wmakes it
possible to double or treble speeds, so reducing the interest in the 9600
bits/second modems (cf. 18). The absence of a single standard for the
latter risks favouring the 2400 bps wmodem which, equipped for data
compression, can provide 7200 bps for a price whicn is much lower than that
of a high-speed modem. Furthermore the rest of the modem market consists
of those integrated with microcomputers so that the only remaining outlet
for modeas is the OEM market, but PCs are increasingly integrating wodems.
This is why the growth of the market in terms of volume should be 11.4%X per
yesr in the United States between 1988 and 1991 for high-speed modems
and 16.7% for modems integrated into a PC. By contrast the market for the
other varieties of modems should decrease by 2.5% per year. Figure V-15
shows the evolutions in teras of value. Despite annual deliveries rising
from 2.2m to 3m units the falling prices will result in a reduction of 8.5%
in the value of the United States market.
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Figure V-15
THE NORTH AMERICAN MARKET FOR MODEMS (US$ millions)
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20. The most numerous applications for fibre optics cables and
components are not in the national telecommunications networks but rather
in users' equipment and local metworks. Two factors have operated in this
direction. Firstly the price of the active componeats has fallen
considerably, with the opto-electromics for a fibre optics transmitter
falling from US$ 2000 to US$ 500-600 in 1987, with an expected price of US$
100 in the near future. Finally standards have been defined for local
fibre optics networks, the Fibre Distributed Data Interface (FDD1). Fibre
optics  networks to  the FSSI  standard could transmit data
at 100 Megabits/second. Many semiconductor manufacturers are trying to
supply integrated circuits to the FDDI standards. Marketed initially
at US$ 100 each these components will be integrated into PCs, particularly
in CAD/CAM work stations. Traditionally dominated by telecommunications
the market for fibre optics (cables and components) should be progressively
dominated by dats communications which, in the United States, is likely to
represent a third of the market by 1992 (Table v-6).

Table V-6
UNITED STATES MARKET FOR FIBRE OPTICS (Us$ millions)
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*» dont optoelectronique 638 72,91% 2200 B1,48% 22,31%»
s dont Datacom 137 15,66% 812 30,07% 34,53%»
s dont Connecteurs 52 5,94% 145 S,37% 16,63%e
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Source : GERDIC d'apres Electronic Business.
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5. MECHATRONICS : THE GREAT XPANSION
21, Automation calls on p. -‘tically all sectors of electronics:

computers, controllers, semiconductors, artificial intelligence, etc., all
of which form the brain of the Factory of the Future. The muscles are the
robots, the programmable machine-tools and the automatic handling
equipwment. Finally the senses consist of the probes and sensors which
evaluate the temperature or detect vibrationms. Finally it also
incorporates the various forms of Computer Aided Design (CAD) and automatic
testing. According to work by the BIPE the world market was estimated at
US$ 15 billion in 1983 and should reach USS 85b by 1990, with an annual
increase varying between 20X and 25%. Mechatronics touches all the
sectors, whether involving continuous processes (energy, chemicals) or
batch processes (automobiles, electro-electronics industry, etc.). The
energy industry alone represents 25% of the market, Furthermore
automation is spreading progressively into small and wmedium sized
companies, since all functions are found to be automatable. Table V-7
shows the expected growth of this market in the United States by the
various observable segments.

Table V-7
UNITED STATES MECHATRONICS MARKET (US$ millions)
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22, The first problem is that of orchestrating machines of all types so
that they produce a symphony rather than a cacophony. It has therefore
been necessary to develop a standard communications protocol which will
allov many machines to communicate with each other. The local networks
proposed are of different types and, initially, protocols will differ from
one producer to another. However General Motors seems to have imposed a
de facto standard with its Manufacturing Automation Protocol (MAP). Taken
over by the major producers of local networks such as Ungerman-Bass Inc.
this protocol will probably dominate the market in the nineties at the
expense of the LANs derived from the informatics industry such as Ethernet
(Figure V-16), and could account for 78% of the applications, The success
of this protocol is due to the fact that it depends on the Open Systems
Interconnection (0SI) standards approved by the Internatioal Standards
Organization. In the United States this market should reach
US$ 500 million in 1990 with an annusl rate of growth of 30%.
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Figure V-16
CHANGES IN THE INDUSTRIAL LAN MARKET BY MARKET SEGMENTS
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23. One of the most promising segments of the automatic market is that
of Computer Aided Design and Computer Aided Manufacture (CAD/CAM) and the
work stations which are linked with these activities. Very dependent on
business cycles this market should grow by 12% in 1988. But industry is
subject to an unprecedented consolidation, many firms being bought up or
disappearing. Thus in the United States MENTOR Graphics has merged with
CAEDENT Corp. and INTEGRATED Measurement Systems, whilst TERADYNE has
bought AIDA Corp. The most spectacular rapprochement remains the 20%
shareholding taken out by ATT in SUN Microsystems: these two firms are
cooperating in developing a new RISC microprocessor (cf. V.6) and enlarging
its applications under UNIX (cf. V.4). Simultaneous with and contributing
towards these restructurings are the raging price wars. In the United
States work stations at the bottom of the range were being sold at US$ 5000
in March 1988 as against US$ 40,000 in 198S5. Furthermore conventional
work stations are now meeting competitivn from the 32-bit PCs built round

the 80386 microprocessor: these latter can rum under UNIX. But the
market remains lively. The global turnover of North American constructors
. was US$ 4.9 billion in 1988 for CAD/CAM systems in general and

US$ 2.9b (60%) for work stations alone. Its growth in the coming years
will be between 15% and 20% (Figure V-17),



Figure V-17
WORLD SALES OF CAD/CAM SYSTEMS FROM
NORTH AMERICAN PRODUCERS
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6. MASS CONSUMER ELECTRONICS : THE LAST GASP?

24, More than half of the electroaics products sold to the public imn
1986 did not even exist ten years earlier: video-recorders, laser discs,
personal computers and electronic watches, The movement will coantinue,
but most of the industrialists in the sector believe that introductions of
radically different products are likely to be less numerous in the
nineties, Essentially it will be a case of the existing or announced
products being reduced in size and falling in price. The problem will be
one of maintaining the interest of the consumer in these improved products:
this is why analysts forecast a raduction in the margins of the industry.

25. Price wars run the risk of penalising the growth of the market, and
the BEP statistics show a world MCE market of US$ 45.2 billions in 1987 and
US$ 47.1b in 1990, an annual increase in value of 1.4%. Mass consumer
electronics will thus fall from 11% of the world electronics market to 9.5%
in 1990 (Figure V-18), with a downward movement in terms of relative value
which began after the Second World War, However major modifications in
the structure of the MCE market are forecast with High Definition TV, laser
discs or the introduction of electronics components into domestic
electrical appliances.

Figure V-18
FORECASTS FOR THE WORLD MCE MARKET (US$ billions)
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THE MCE MARKET IN THE MAJOR INDUSTRIALISED
COUNTRIES BETWEEN 1974 AND 1984 (US$ millioms)
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26. One of the challenges to be met by manufacturers is the design and
promotion of the intelligent home, that is to say a domestic environment
which includes, under a single control system, all tasks as diverse as
heating or air conditioning, security, leisure activities, cooking, etc.
In the United States the movemen: has been put forward by the National
Association of Homebuilders wvho claim to have under comstruction about 1000
intelligent houses, forecasting thet 31 building firms will offer this
type of product round about 1995. The simplest scolution is that which
involves the iategration of domestic networks into new dwellings by means
of the precabling technique, the cost of which varies between 2% and 81 of
that of the house; subsequently various systems of home informatics
("domotique™) could be proposed (Diagram V-1), but those in the industry
must also envisage the possibility of inserting them into existing
dwellings. This is why they must work towards the standardisation of
communications protocols on the carrying curreats and also on systeas not
using wires.

Disgram V-1 : THE INTELLIGENT HOME

Source : FNEET 4PMF
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27, Evolution in the existirg products will mainly involve video
applications, that is to say the digitisation of IV and of video-recorders
and camcorders which will becose smaller and lighter. The sarket which
would seem to be the most promising is that of High Definition TV with an
image resolution of 1025 lines as compared with the existing 625 lines,
The American Electronics Association evaluates the world market for Righ
Definition TV in the nineties at more than US$ 100 billion if transmission
equipment, integrated video-recorders, etc. are included. The stakes are
all the greater since this wsarket will exert a powerful demand on the
integrated circuits industry. But as in the sixties, when North American
and European producers opposed each other when defining the world standard
for TV, one finds the Eurocpean AMC (Analog Multiplexing of Components) in
opposition to the Japanese MUSE (Multiple Sub-Nyquist Eacoding).
Companies are therefore mwoving prudently when defining this promising
market, wr°'ch nevertheless demands very considerable investments, the
results from which are not likely to be seen for about ten years.

28, New techmologies for laser disc resders have relaunched the growth
of the audio-electronics market. Laser units will carry the greater part
of this growth, since Japanese production should increase by 25% a year in
volume and 14% in value between 1985 and 1990 (Figure V-19). Introduced
in 1983 and seen as the leading innovatir : in audio since the tape recorder
in the sixties the laser unit and, subsequentl the Digital Audio Ta

(DAT) will represent a factor for the renaissance of this segment of the

market by encouraging the replacement of existing loudspeskers or

amplifiers. Taken overall the market should move towards the top of the
range, a movement which is alreeay perceptible in the United States where
companies obtaining their turnover from this segment of the market were
realising margins of 32X in 1986, vhereas these sargins were only 18X to
25% for products situated lower down the product range.




Figure V-19
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29. A considerable potential market, eacouraged by home informatics, is
that for domestic electrical appliances. In fact scarcely 10%7 of domestic
electrical appliances incorporate electronic compounents. Those in the
industry feel that the insertion of electromic control mechanismas im
refrigerators, washing machines or other electrical dryers is inevitable.
Most doeestic electrical appliances in the industrialised countries are
bought as replacements for existing sppliances. This is often reflected
in the buyer moving up the range, so that products at the top of the range
could represent 20% of the market by 1990 as against 10Z today. Estimates
of the value of the electronic compoments in the appliances vary from US$
50 to USX 100 for a refrigerator and from US$S 60 to US§ 120 for a washing
machine. This allows us to evaluate the potential for these two products
alone as US$ 250m to US$S 500m in the United States of Japan for
refrigerators and as US$ 400-800m in the United States and US$ 300-600 in
Japan for washing machines. Although it is more difficult at a global
level a low estimate would envisage a market of the order of US§ 5 billionm.

7. Semiconductors : the highs and the lows

30. After 1984, when world production of semiconductors increased by
50%, industrialists were brought back to the harsh reality of an eminently
cyclic industry (Figure V-21). After a catastrophic year inm 1985 world
sales recovered their upward trend in 1987 :

1986-87 1987-88

United States 18.8% 11.1%2
Europe 13.0% 5.5%2
Japan 15.5% 8.4%
Rest of world 64.2% 20.1%
WORLD TOTAL 21.8% 17.9%

After the Stock Market crash of October 1987 the year 1988 is likely to
augur a halt in the recovery. These erratic movements contribute towards
a cleaning up of the market, the structure of which seems to be tending
towards a restricted oligopoly and to be encouraging companies to multiply
their strategic alliances so as to share the financial and technical burden
imposed by the world market. The technological paths are becoming more
complex and the future of the smaller firms seems to be seriously
compromised. However those of them which want to continue will have to
develop product niches, that is to say on this market the complex logics
componeants which will be as integrated as, for example, the existing
dynamic memories, Furthermore they must accept the trend towards falling
prices, knowing that a megabit of memory which cost US$ 200,000 in 1975 had
cose down to US$ 100 in 1985 and would cost US$ 5 in 1995,
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INTEGRATED CIRCUITS
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Figure V-21
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31. The market for Application Specific Iutegrated Circuits (ASIC) forms
one of the product niches mentioned above. In the United States 30% of
the new firms in the semiconductor industry have entered this market.
Although relatively marginal up to 1983, when it represeanted 8.6X of the
world market for semiconductors, the ASIC market has now risen to over 13%,
and is likely to become a quarter of the world market by 1992. Whether
customised or pre-diffused the ASIC make it possible to reduce the cost
price of a component very considerably by using, for example, standard
functions already integrated into the chip with those functions
specifically requested by the client. More than a hundred companies are
fighting it out on this market, but in 1986 nine of them accounted for 70%
of the market. The difficulties eancountered by the producers on the
standard c nents market have led some of them to etrate this
profitable sector. Competition has now hardemed on this market with
resultant reductions in prices leading to about fifteen of the small and
medium sized firms withdrawing from the market. As a result the
development and engineering of components has become less profitable, and
it is now the foundry activity which allows the producers to achieve
margins. On the gate array wmarket the Japanese groups are trying to
maintain low prices to increase their market shares. Companies can make
profits with only 5% of this top of the range market, but the technology in
this segment of the market is very sophisticated. The density of a top of
the range ASIC is 25 times greater than that of other ASICs. This means
that high value added circuits have 100,000 gates, whilst the remaining 5%
have only 4000. Thus it is very difficult for small and medium sized
companies to obtain access to this segment of the market.

Table V-9 : FORECASTS FOR THE ASIC MARKET (US$ millions)
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32. The development of home informatics will permit the development of
the market for "smart power"™ semicounductors”™. These products make it
possible to effect, simultaneously, logic control and power switching.
They can find applicatiors in a large number of products froa printers to
domestic electrical appliances and including automobiles. They cam cover
povers ranging from 1 to 1000 Watts and can have up to 400 gates for logic
circuits. Their primary interest lies in reducing the cost and size of
the equipment into which they are incorporated. Oane compounent can operate
an electric lsmp or it can check and identify a short-circuit and shut off
the energy supply. Thus a single component is sufficient between the
microprocessor, which controls the diagnosis made by the chip, and the

engine of a vehicle, It makes it possible to replace about fifty
mechanical or discrete components and so also allows a reduction in
consumption. About forty firms supply the world wmarket which was

estimated at USS$ 180m in 1986 but which should reach US$ 650m by 1991, an
anpnual increase of 29%.

33. VWith a degree of complexity greater than that of the seaiconductor,
and halfway between a chip and a system, microprocessors are at the heart
of the ongoing technological revolution which is upsetting the electronics
industry. The industry is now at a crossroads for two reasons. Firstly
the standard has moved from the 16-bit to the 32-bit microprocessor;
secondly new architectures are envisaged, in particular for vectorial
processors (cf 2.). A nev generation of microprocessors came out in 1385
vwith the MOTOROLA 68020 and the INTEL 80386. On this small market (US$
450m in 1986) the giants, MOTOROLA, NEC, INTEL and ZILOG, are fighting for
the dominant positionm. The wmarket is fairly exclusive, since the
technology and the w=eans for production are extremely complex.
Furthermore since 1987 new producers, such as Sun Microsystems and
Intergraph, have defined a microprocessor using a sophisticated language.
In this way they have built Reduced Instruction Set Computers (RISC) which
are coming into conflict with the traditional microprocessors, the Complex
Instruction Set Cosputers (CISC). In the first case the microprocessor
incorporates a very limited set of instructions, and these are the software
which carry out those functions which are only used infrequently by the
operator. In this way one obtains microprocessors which are more powerful
and more rapid; these naturally find applications in work stations (60%) or
in informatics (15%). The market prospects are encouraging and, according
to Dataquest, it should represent 20% of the market for 32-bit
microprocessors in 1992 (cf. Figure V-22), Some consultants, such as ICE,
go so far as to predict that they will account for 35% of the total market.
Hovever this type of equipment makes it necessary to remodel the software,
which becomes even larger, consuming at the same time the central mesmvury.
It is therefore necessary for the user to strike a balance between the
compatibility offered by the CISC microprocessors or the speed of the
RISCs.
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Figure V-22

EXPECTED EVOLUTION OF THE WORLD MARKET FOR 32-BIT MICROPROCESSORS
ACCORDING TO THEIR PROGRAMMING LANGUAGE (thousands)
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8. CONCLUSIONS

34, This very rapid overview of the technological pathways of the
electronics industry does not claim to be in any way exhaustive. It shows
that, in many fields, the industry is subject today to intense
restructuring dictated by the techmology. Such a movement makes it very
difficult to attempt forecasts. However we have gathered together in
Annex A-8 those forecasts made by consultants for the particularly dymamic
segments of the market. These data merely amplify the contrast which is
immediately apparent in this industry which is subject to an incessant
process of creative destruction.
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CHAPTER VI
OBSTACLES AND POSSIBILITIES FOR
PROMOTING ELECTRONICS PRODUCTION
IN THE THIRD WORLD NATIONS

1. TOO RESTRICTED A PARTICIPATION IN WORLD ELECTRONICS PRODUCTION

1. Although the electronics industry is a recent industry the Third
World nations have been producers and even exporters of the products of the
electronics industry for the last fifteen years. This is a remarkable
fact, since it was necessary to wait for a hundred and fifty years and
until after the Second World War before several non-industrialised
countries became exportere of textile products, and yet they were producing
certain electronics products in a far shorter period of time, less than a
decade in fact for some components. Today most of the Latin Americanm,
Asian and North African countries are producers of electronics goods; only
the countries of Sub-Saharan Africa form a large group of non-producers of
electronics goods. In fact this young industry is no sanctuary reserved
for the most industrialised countries, and it is certainly possible to
verify the fact that, above a fairly low threshold value of the ratio of
the manufacturing value added to the Gross National Product, practically
all countries are producers. Electronics production is not therefore
impossible, and to seek to promote it is relevant to one consideration:
that of increasing the too restricted participation of the Third World
nations in global electronics production.

1.1. The multinationals relocate to lower wages : jobs and foreign
currency

1l.1.1 The New International Division of Work

2. During the seventies analysts believed that they could identify a
lasting dynamic of relocation. The crisis in the countries of the North
being reflected in a fall ian the profitability of capital the 1largest
companies, the multinationals (or "transnationals"), effected a massive
relocation of their productions by installing themselves in the countries
of the South with their low wages, so that they could make profits on
products which were then re-exported to the countries of the north.
According to F. GROEBEL (1977) a new internmational division of lsbour was
thus instituted, principally illustrated by what could be observed in the
textiles and electronics industries. This new scheme gave the
uwultinationals a dominant role to exploit to their own advantage the
incomes (and the markets) of the North and the low wages of the South,
leaving no space or freedom to either the Foirth or the South.
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1.1.2 The "offshore" installations of the multinationals

3. Low wages allowed the firms to reduce their costs to a considerable
extent, since --ages were rarely even 102 of those in their home
territories; confronted with problems of profitability it can be

understood why they examined the immediate solution which was offered to
them: to shut their factories and to build them further away in quieter
countries with no strikes or union agitators. This was the reason for the
multiplication of the so-called "offshore™ installations, particularly of
course in the highly labour-intensive industries. This was the case in
the electronics industry, and particularly in semiconductors: "In 1976,
for example, semiconductor products required 54 man-years of labour per
million Dollars of product, which is the highest intensity of labour in all
North American industries with the exception of pottery, lace and kitchen
utensils® (J.L. PERRAULT, R. FROUVILLE, 1986).

4. In the electronics industry the first "offshore” installation was that
of Fairchild in Hong Kong in 1962 (cf Chapter 111, 1.1). By 1974 there
were 47 American esablishments in operation. The Japanese had started
with sub-contracting agreements with independent firms in Korea and Hong
Kong at the beginning of the seventies. According to our evaluations by
1985 more than a third of all jobs in American semiconductor firms were to
be found "offshore”: this proportion was actually more than a half in the
case of unskilled jobs. In the same way more than a fifth of employees in
Japanese electronics firms were to be found outside Japan (this includes
their subsidiaries in the United States and in Europe). This very marked
movement by firms towards offshore installations was not entirely of their
own doing: it partly resulted from public measures taken both by the
industrialised and the Third World nations.

1.1.3 Public encouragement : export free zones and special import tariffs

S. In the United States their relations with Mer co were at the origin
of the creation of a bonded or duty-free production zone on Mexican
territory, near the frontjer, where the so-called "make-up"” or
"maquiladora” enterprises c-.uverted and re-rxported North American
products. The "Bracero" programme made it possible, up to the beginning
of the sixties in the United States , to call on Mexican labour for farms

in the south of the country, The halting of this programme posed a
delicate frontier problem, with very numerous clandestine crossings and
undeclared employment in the United States, The solution consisted of

partly regulating the problem of the employment of Mexicans by offering
non-immigrant industrial labour to American firms and hence labour which
could be paid, without contravening the law, at the Mexican rate of pay,
that is to say remuneration of the order of a tenth of remuneration in the
United States, The two public powers found this to be of advantage, and a
large number of "maquiladoras™ were established at the end of the sixties
in textiles and clothing; wup to 1973 at least 50% of the capital in
these wvas Mexican. The rapid growth of the electronics industry led to
the utilisation of this zone of activities for certain steps in the process
of production, for example the assembling of the components or of
television receivers so as to meet Japanese competition. This was
facilitated both by the Mexican legislation on the zone and also by the
North American customs regime (Tariffs 806/807) which only taxes the value
added on products of North American origin. The Mexican bonded production
and exporting zone wa3 itself copied from the zones of South-East Asia
already used by Auwerican and Japanese firms,
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6. In the field of semiconductors (cf Table VI-1) three-quarters of
North American imports came in under Tariffs 806/807. This tariff is the
origin of the production of electronics goods in the Third World countries
which are competitive on the American semiconducte-s market. The Mexican
share, which was 28% in 1971, had fallen to 5% by 978: in that same year
the share of Malay=ia was 30%, of Singapore 20%, of Korea 15X and then the
Philippines appeared with 8%. In 1982 Mexico and Malaysia were at the
same level, the Philippines had risem to 18%, whilst Korea and Singapore
had fallen back to 10% and 17X respectively., If we take into account the
very large increase in the value of imports, for example those from Mexico,
whilst imports had fallen they had not collapsed: from USX 36 million ia
1971 it had risen to US$ 72m by 1978 and US$ 185a by 1982, However it
would be necessary to carry out a much more detailed analysis in order to
evaluate the profit extracted by each of the countries of the South
participating in such zones. Mexico has practically no electronics
exports apart from those passing through these zones and, as far asthe rest
of its industry is concerned, the domination of the North American
multinationals is patently obvious., This is also the case, it would seenm,
in Singapore, Malaysia or Taiwan where the percentage of jobs in the
electronics industry attributable to American or Japanese firms is,
respectively, 90%, 63% and 45Z. The strategies of the firms also seem to
have been accompanied by the encouragement given by tariffs and free zones.
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Table VI-1 : NORTH AMERICAN TRADING IN SEMICONDUCTORS
AND TARIFFS 806.30 and 807.00 (1966-1983)

Vi-l.1. Global evolution (1966-1983)

Fercems
20/807 TelUS  200/807 0887  mevewse m
307 smperts  umperss mpurm —pores a2 umperts 0807
dhogss of i tudbuns of pwcontef (wulensef ovpusm  Prce mibrs
Yews  dollary dollrsy dollars) el 1907 dellarsp 1907 dlrs o SCDs
1966 n aa 0 [ as aa [T %
1967 3 (TN 30 n [F 8 na 1000
1968 67 na % n as na 2.3
1969 106 Py (2] /] 10 na %6
wN (33 160 168 ” 167 n 97
1971 10 m [ty ] 190 14 936
1322 162 254 I n m % L 1P
[L78] 23 41) on [~ ] 47 61 94
1974 34 o34 122) 7 [ ) b} "4
1975 m 617 "2 n 605 -1 1020
1970 556 9 109 w0 " 0 9.7
T 0 B Y LI0 s oW 123 3 910
1978 1329 1478 [N 2} ] | 1] 17133 41 853
L2 B B 5] 1956 a0 ” 2207 n “us
1980 2481 2500 3326 * 2.76) n 2.7
95l 298 2828 3553 0 am 13 038
1982 1100 Ln 4128 7% 3510 3] 92
1983 3.8 3383 4851 L] 3726 6 203

Note The older data are those which the Customs have subsequently revised.
n.a. = not available
b : 807 only for 1966-1968
The calculation in 1967 Dollars has been made by using the index for
semiconductors.

VI-1.2. Evolution of market shares of various countries
under tariffs 807 and 806.30 (a)

Percent
Regron and cownin ony IV J9TI 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1ox2 198.
'estern Hemusphere 25 26 0 2 2 24 0 [} n 0 10 11 n it 14
Canada 2 1 2 . I e d e . hd 3 4 4 2 4
Mewco 2 26 b 21 19 20 13 " [ s ] s s 5 b]
€3 Salvador [ 0 1] o [} hd 1 3 3 ) 2 2 2 2 2
Hau 1] ] [ . e 1 d * 1 ' * hd . b d
m L u . o . L4 - . . [ - '] . z ’
Netherlands Antlles 1 hd . ! * ! e * 0 0 0 [} [} ] .
Scanl 0 . b ] [} e ] ] 1 ] . . 4 4 .
Plaum Evrope 2] 15 15 n 7 4 2 2 ) . 1 . . . .
Umicd Kingdom . - & 2 0 o0 o 0 . 0 ] . . . .
Ireland n 1] 4 7 4 3 2 2 ] . ] b4 b4 4 .
Portugal 2 4 S 4 3 [} . . e . [ [} 0 (] 0
Ass [ 56 55 (Y n L 7 82 1 1] 1 1 2] L Y 9 3]
Hong Kong 3 W T s 1 9 ’ 7 6 4 4 3 3 '
Koreas 14 3] 17 [} ] ” 16 3] ” 19 3] 1 9 s 10 14
Taiwan 9 s 7 7 9 L] 6 [ | b 4 4 4 4 4
Swgapurc 6 10 1323 M 6 20 B 0 2 n ] " "
Malaywa M ’ hd e ¢ 15 i) n 2 30 29 k) 30 32 b1}
,.’m z ’ L) L L4 - l . . - 4 . . . .
Thadand 6 » o o o ° o - 1 3 2 3 ‘ ) ‘
fndonesia 0 ’ . ] 2 i . . } § 2 b] 2 2 2
LLNbppmn [ 1] 0 0 t 2 4 ] é ] 10 4 16 8 IU_J

(a) : 807 only for 1969-1971
* = ]less than 1 %

Data extracted from J.GRUNWALD and K.FLAMM, The Brookings Institute,
Washington, pp,74-75 (1985).
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7. The relocation movement of the multinationals mainly concerned the
United States, Japan and a score of countries in the South. Europe was
not entirely absent and, within the framework of the EEC, a passive
advantage tariff was implemented, similar to the North American systeam even
if it involved a lower level of custoams relief (cf. BERTHOMIEU, 1985).
However this system is much less used than that of the United States. Of
imports from the developing countries only 13X of those entering France and
22% of those entering West Germany come under this tariff. France and
West Germany in particular operate it for few products and countries,
although electrical and electronic appliances occupy a relatively important
place in those countries (cf. Figure VI-2), For the South-East Asian
countries this trading under the passive advantage tariff represents only a
very small part of their exports to France (less than 5%), including those
from the Philippines (5.12%), even if in the electronics industry this
percentage is high (34%; see Table VI-3). The figures are slightly
higher in the case of Germany but remain modest (less than 8%, except for
Singapore where more than 17X of all exports to West Germany come under the
passive advantage regime). Table VI-3 shows all these data and also makes
it possible to appreciate the overall position c¢f the trade balance of
France and West Germany in relation to these countries. Whilst for
Morocco and Tunisia, which represent more than half the French imports
under this regime, French exports are more than six times larger than the
imports from these countries, the same does not apply in the case of Asian
countries. In the case of this group of countries total French imports
are three times larger than exports. The situation of West Germany is of
the same type: it exports considerable quantities of goods to Mexico and
Brazil when compared with its imports from them, but it imports twice as
much from the Asian countries as it exports to them. There is however one
difference: Germany imports from Asia three times as much, in this field
and under the passive advantage system, as France, and for all trading in
this sector it exports four times as much as France, Obviously these
respective positions, and more generally those of Europe, when compared
with the North American and Japanese positions, result from two intimately
linked factors: the place of these States and their firms in the dymamic
of the field of activity, and the degree of engagement of each of them in
the countries concerned in the South.

8. Taken overall one may nevertheless consider that a movement of
international redeployment was, during the seventies, one of the sources of

the not unimportant participation of a number of Third World countries in
world electronics production.
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Figure VI-2 : EVOLUTION OF IMPORTS INTO FRANCE FROM THE
DEVELOPING COUNTRIES AFTER PASSIVE ADVANTAGE .
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Source : C. BERTHOMIEU (1985, op. cit., p. 147).
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1.2. Intensification of the recourse to electronics products:
to purchase or to manufacture?

1.2.1 The spontaneously increasing consumption of electronics eats into
foreign curreacy

9. It is possible to see in particular three fields with a growing
consumption of electronics goods which, when there is no local production,
are therefore imported and very rapidly exert a considerable weight on the
balance of payments. These fields are television receivers,
telecommunications equipsent and computers. Those countries with a not
unimportant and growing domestic wmarket are therefore led to ask the
question: is it necessary to purchase and be satisfied to remain a user,
or is it not time to produce?

10. Whilst during the fifties the phenomena of television broadcasting
and, wmore broadly, that of interactive telecommunications remained
relatively limited, even in the industrialised countries, they have now
become largely planetary. Gradually all the countries of the globe have
installed a television broadcasting system, today oftes comnected in real
or deferred time to international broadcasts: similarly automatic
telephone exchanges have been installed in all the capitals and large towns
of the whole world, with which it is possible to converse directly. In
1950 television was rare, even in the industrialised countries; now at a
time of seeing global events, and with satellite retransmission which avoid
the cost of radio networks, television sets are becoming generalised at
lower levels of real incomes, the more so since the price of sets has been
considerably reduced. Table VI-4 shows the very considerable increase in
the level of equipment for all the major zones of the world between 1965
and 1982 together with some specific data for certain countries. We can
see for example that for South America the rate has risen from 19
television sets for 1000 inhabitants in 1965 to 203 sets by 1987. Even if
they have not been entirely manufactured locally a high proportion of these
sets have been at least assembled in South American countries.

11. Television sets, and also cassette-radios, digital watches,
calculators, games and even hi-fi and tape recorders, proliferate
everyvhere as soon as the fields are opened up, whilst smuggling and fraud
are, in general, very significant. In all countries where a not
unimportant proportion of the population &re able to feed themselves one
can see a_ frenzy of consumption in leisure electromics. Ia the past
photographs of an abundance of television sets in some shanty towns seemed
somehov astonishing, but this is no longer so today. Only a few countries
have so far resisted the change from black and white television to colour.
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Table VI-4 : EVOLUTION OF THE RATE OF EQUIPMENT
WITH TELEVISION RECEIVERS (per 1000 inhabitants)

1965 1975 1982

Afrigue 1.5 ! 6 17
Amérique dw Norgd 254 408 458
USA. 3 | 581 652
Canada r 4, ] 48 N
Mexique 23 87 111
Am(rique dy Sud 19 66 203
Asle 10 16 53
Japon 180 238 818
Chinc 0 1 ) 6
Inde 0 0.5 3
Coréc (Sud) 1 3% 120
Europe 126 293 428
Est 86 202 37
QOuest 138 319 486
ani 136 254 302
URSS. 80 264 168

Source : Annuairc statistique dc F'UNESCO, New-York, 1984 (cf. Annexc C).

12, Whilst the consumption of mass consumer electronics goods lies in the
hands of private individuals the public authorities can obviously limit its
grovth by restrictions on imports and by customs duties. However since in
most cases they have a monopoly on television broadcasting as soon as they
install a system (generally in the capital) they have started on a process
of progressive access to the largest number who can receive these
broadcasts. Public authorities are further eancouraged to do this by the
fact that it is generally recognised that television is not simply a means
of information and communication but is also a means of imposing beliefs
which governments like to use in order to reinforce their authority over
the people.

13, There are also reasons of a general kind rather than those of
individual satisfaction which encourage the public authorities in a country
to provide it with a telecommunications infrastructure linked to the rest
of the world, This seems to reinforce national unity, sometimes not very
firmly bonded, by allowing inter-person communication between different
parts of the country, IL also facilitates the conduct of business and,
more generally, of the economy. It seems generally to be a necessary
political option that this network should be connected to a regional
infrastructure, whilst economic imperatives demand connection to the
international network by the most efficacious means, which involves
satellites. Whilst terrestrial installations remain relatively costly
linkes via satellites are constantly becoming cheaper. When countries are
vast and the needs for telecommunications is felt, but is becoming more
expensive, it has to be met by increasingly complex industrial electronics

systems, The decision to equip often leads to importing, and in many




=244~

cases even to calling on a foreign enterprise to organise the
telecommunications services.

14. Until now the need to communicate by telephone seems to have
increased at the rate of the per capita product (cf. Figure VI-5); however
technical progress intensifies this need, as in the case of television, and
most of the non-industrialised countries have launched very ambitious
equipment plans, This opens up very large smsarket prospects for
telecommunications equipment and for subscribers' terminals in the Third
World countries.

15. Prudent public administrations have needed censuses since the
beginning of time, involviag processing simple data., With the development
of the needs of administrative amanagement, including the implementation of
"strategies”, there are vaster quantities of information to be processed,
from political administration to social and econowmic administration, and so
the State has recourse to the electronics infrastructure of information
processing so as to affirm and confirm its national autonomy.
Administrations in the Third World are not exempt from this rule and are
even encouraged to undertake information processing. The various
international organisations wish to obtain from each of the countries of
the South extensive and reliable information to rationalise their actionms,
in particular in favour of economic and social development. To this end
they impose "informatisation", even offering missions from experts and
various facilities so that the local public adainistrations can have
computers with which to process the data from population, agricultural,
industrial, health and other surveys. The IMF and UNCTAD are particularly
interested in facilitating the collection and wmanagement through
informatics of customs and fiscal statistics. To this end UNCTAD has
developed the ASYCUDA system (cf. Note VI-6). The United Nationms
organisations and the International Bureau for Informatics (IBI) offer
technical assistance in developing the employment of informatics in
administrations.
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Figure VI-5 : RELATIONSHIP BETWEEN THE NUMBER OF TELEPHONES
PER 1000 INHABITANTS AND THE PER CAPITA GDP
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Note VI-6 : UNCTAD's ASYCUDA SYSTEM

Le Systéme automalique dc saisie, de controle et de gestion des données
douaniéres (ASYCUDA) a &#é crfé et mis au point par des experts de la CNUCED
pour ére utilisé de diffférentes maniéres dans un bureau des douanes ginsi qu'oux
services douaniers centraux. Le systéme fonctionne sur un micro-ordinateur capable de
recevoir des exensions, notamment pour ce qui concemne la mémoire et le nombre de
postes de travail et de communication. Il peut fonctionner de facon automatique ou
sous le contréle d'un ordinateur central.

Récemment, le logiciel ASYCUDA a éé adapté par des experts de la
CNUCED/CEAQ pour assurer, d’aprés des codifications et des documents douaniers
normalisés, la collecte, la saisie et le contrile des informations dont ont besoin les pays
membres de la CEAO pour calculer les compensations et établir des statistiques
commerciales. Les droits de douane percus sur les échanges au sein de la CEAO
alimentent un fonds commun destiné & indemniser les pays importateurs qui ont
négocié des droits inférieurs sur des marchandises, et cela pour les deux tiers de la
différence entre ces taux inférieurs et les taux pleins.

Compte tenu des obligations mutuelles des membres de la communauté, le
systéme peut traiter toutes les données nationales, selon les exgences de chaque pays.
Le systome assure aussi une homogénéité des informations, de sorte que la
communauté elle-méme et ses pays membres individuels puissent étre assurés de
l'exactitude et de I'authenticité des données collectées. Sa flexibilité permet aussi la
mise cn place de procédures spécifiques 8 la deraande de la communauté.

Source : Finaoces ct Développement, scptembre 1985, p. 47.

16, As in the case of the ASVCUDA system informatics projects have today
moved on to microcomputers. According to the Statistical Office of the
United Nations the microcomputer is the tool which is increasingly being
proposed to governments to help them implement and process their censuses,
and this tool gives satisfaction (statement by G. SADOWSKY to R. LAWSON,
High Technology and the Third World - Micros move South: in Development
Forum, October 1985, p.8).

17. Despite the need for ancillary equipment in tropical zones, or when
the electricity supply is of imperfect quality, microcomputers are much
less expensive and, in particular, much more robust than the general run of
computers. These qualities allow them to proliferate nmot only in public
administration but also in the private sector for sales or accounts
management. Here again it is an item of expenditure which has increased
considerably wherever importing is possible, particularly since the world-
vide expansion of the standard IBM-PC or its clones.

18, Mass consumer electronics with television sets, telecommunications
equipment, informatics equipment and, principally, the microcomputers thus
constitute three items of rapidly increasing consumption which can lead to
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very severe haemorrhages of foreign currency if it is not possible to
produce thea locally.

19. Furthermore, and faced with the question as to whether one should buy
or make, it has to be asked if it is effectively possible to be a good user
vithout being a producer. The question is not crucial in the case of mass
consumer electronics, at least up to the present time when its pilot
product, the television set, can still be repaired by technicians who
import and replace the defective components, One can almost say the saae
today about microcomputers. But it is very different in the case of
telecommunications equipment and large informatics systeas.

20. More generally in the case of informatics equipment the problem of
good usage is more delicate. With general equipment there is extremely
frequent under-utilisation and very inadequate maintenance which means that
a number of computers remain inoperative for long periods, principaily in
administrations and universities. Within a central administration it is
not unusual to find many disparate items of equipment which make any effort
tovards rationalisation of maintenance very difficult. Many countries
have nevertheless been tempted to achieve ratiomalisation, and this has
also been done at regional level as in Latin America with the first Latin-
American conference of governmental authorities on informatics (LALAI).
This involves at 1least implementing a coherent buying policy and the
harmonisation of services, The future of intelligent administration
buildings can only reinforce the question of the dependence of the
administration on a private and forei informatics system. Inasfar as
production is extremely difficult modular solutions with operation which
can be disconnected from a central computer and the local utilisation of a
large number of microcomputers represent sub-optimal situations in regard
to sovereignty and security. It further reinforces the encouragement to
promote the manufacture of microcomputers.

21, Whether one manufactures or not utilisation cannot be undertaken in &
satisfactory manner without the possession of minimal technical and indus-
trial know-how. In the absence of productive activities this know-how is
only available at an academic level or by expatriates. It is evidently
necessary to regroup some of those possessing it so as to establish one's
own evaluation structure which can illuminate the decisions to be taken,
even if this is done after receiving reports from international technical
assistance organisations or private consultancy companies,

22, Even in some countries where very advanced technical know-how is
available one can encounter problems if public decision makers do not
organise their purchases in a completely rational manner. C.J. HAMELINK
(1987) reports a case in telecommunications. In general the markets
involved are extremely large and the administrations proceed by way of
international calls for tenders and employ teams of consultants to study
the replies. Accordiang to Hamelink it is difficult to understand how such
a situation could have led Mexico to entrust to Hughes the execution of the
MORELOS satellite project which was seen to be manifestly very incomplete,
in particular since everything concerning the terrestrial stations had been
neither provided for, nor had these evidently been the subject of a study.
Whether this disgnosis is arguable or not the lesson which has to be drawn
from it is the need for meticulous consuliations and the absolute necessity
of associating competent experts with the deciders of policy, together with
subsequent clear explanations of the technical and economic choices and
their implications.
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23. The telecommunications infrastructure which is installed cannot be
allowed to suffer from breakdowns which would be difficult to accept even
in the case of isolated informatics equipment. As a consequence purchases
of exchanges and other telecommunications equipment wmust be accompanied by
maintenance services and, as far as is possible, the training of local
personnel, which is the general case. In countries having sufficient
potential a major equipment purchasing plan could be accompanied by the
creation of a subsidiary or a joint venture to assemble and install the
various systems. In those countries where the forecast scale of equipment
buying is particularly vast, and which already have considerable national
technico-industrial potential, the local production of a certain number of
components could be envisaged. Thus the size of the domestic market for
telecommunications can_facilitate the growth of electromics production.
The maintenance and hence the efficient usage of the equipment will thus be
obviously facilitated.

1.2.2 An emerging wish to transform technology by way of electronics

24, On the one side the public powers find themselves confronted by
increasing expenditure which loads the balance of payments and which has to
be rationalised for this reason and also to extract the greatest benefit,
and for which they would like to substitute products which have at least
been assembled locally so as to reduce the outflow of currency. On the
other side governments can also find reasons to promote the utilisation of
electronics so as to succeed in a technological transformation which is
favourable towards, if not indispensable for, industrialisation.

25, In the middle of the seventies UNCTAD (1978) considered that
electronics constitute a technique which 1is indispensable for any
industrialisation strategy. The ILO has also considered the problem,
going rather beyond the single question of employment (J. RADA, 1980) and
UNIDO is beginning to interest itself in the problems posed by the progress
of electronics in the process of industrialisation (UNIDO, 1981).

26. What is involved is an implicit understanding of the passage of the
world to the age of electronics, as we have described it here in Chapter I.
The question is then posed of knowing whether one is to accept or reject
the "modern technology” developed priacipally by the industrialised
countries. There are many options: analysts (such as F. STEWART, 1985)
end by abandoning the illusion that one can preserve oneself from it, and
the debate on alternative or "soft" technologies is now very much limited.
Technological pluralism has been accepted with, according to the local
possibilities, the prospect of an_acceptance of a technological change
embellished with some modifications which relate more to the process of
production than to the characteristics of the products (apart from any
"add-ons" necessary for their wutilisation wunder particular 1local
conditions).
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27. The UNCTAD Group of 77 has adopted a clear position within the
Commnittee on Transfer of Technology (UNCTAD, 1986), and issued at the time
of this preparatory phase an explicit document (from which note VI-7 is
taken) stating that: "The application of nevly emerging technologies needs
to be mastered both in the modern and traditional sectors in order to
exploit comparative advtanage and accelerate industrialisation."” This is
a document presented by Tanzania in the name of the States members of the
Group of 77 (Tb/B/C.6/L.73). On this occasion industrialisation appears
as cleariy contributory towards a process of technico-industrial
transformation which finds its support on the state of the art in technical
matters and hence on the "frontier technologies” and consequently on
electronics as a "frontier technology"”.

28. Under these conditions it is not a question of replacing imports,
constrained by consumer needs and costly in currency, by a local production
starting with assembly, but rather of renovating the industrial apparatus,
of proceding as in the industrialised countries to a kind of restructuring
of the existing industrial activities, to a modernisation of the productive
activities. The problem is therefore, and in par‘icular, that of
"productique”™, to use the French word, that is to say that of extending
micro-electronics into equipment, in the production process and, where
necessary, in the existing products. The object is to achieve at the same
time an improvement in productivity and also in the quality of the
products. This would seem to be essential in the case of those products
which it is wished to place on the world market and aiso essential for
semi-products if it is hoped that the 1local integration of components,
parts or assemblies will not produce negative results., These would result
from finished products which could not be placed on the world market or
which would provide inadequate service on the national market.
Furthermore it is necessary to ensure that these semi-products will be
used, otherwise ugers will not fail to obtain their supplies by importing.
Inasfar as all activities are touched by the impact of the electronics
industry the danger of a downgrading of the products, and that of the
pressure to import with an outflow of currency, will in fact affect all
activities.

29, This therefore constitutes a formidable pressure to employ
electronics as much as is possible, in all those activities which give rise
to easily tradable products. Is it possible, in regard to electronics for
industry, to be an efficient and judicious user, without being a producer?
This would seem to be a total illusion. It is not possible to install a
productive apparatus in any country in the age of electronics without also
producing the electronics.

30. Under these conditions it is the actual pursuit of an effective
industrialisation strategy which makes it necessary for Third World
countries to participate in an extended wmanner in world electronics
production. It is therefore necessary to go beyond simple assembly
activities which limit import costs, and it is not clear that the world
movement towards relocation as described above will be sufficient to
achieve this production requirement.
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Note VI-7 :

Extract from "PRELIMINARY QOUTLINE OF THE

STRATEGY FOR THE TECHNOLOGICAL TRANSFORMATION
OF DEVELOPING COUNTRIES"™
Document of the Group of 77 (TD/B/C.6/L.73)

D. — RECHRERCHL-DEVELOPPEMENT €7 INNOVATION TECHNOLOGIQUE

17.  Les kegony de Iexperience acquise en maticre d¢ production
permertromt d°aflermir 13 base technologique. Lo imponations de
techaolosic pourraiem ére un facicur de progrés. Touelols, clest
Fesprit d iancvation ¢t d'invention qui et I'élément motcus de Towt
chancement technologique. Les activités de secherche-développement
dans un pars 3ont 1'une des principales s d¢ chang techno-
Jocique. Les pavs en développement doivenmt élaborer des siratégics of
de. politiques 3 long 1erme afin de renforces Jeur capacité dentecpren-
die des activités de secherche-développement. ea paniculies dans les
secteurs chés du développement. A coun €1 moyen terme. é1ant donné
les ressoursces limirées que 1a plupan des pays en développement peu-
vem afiecier & ces acuivites, e seqieur mational de 1a secherche-
développement devrait concentrer bes effonts sur des objeciifs bien
Oennis. par exemple l'adapmm des améliorations apporides sux
sechni et la modernisation de 13 1echnologie déjd en service, 11
scrain nécessaire de renforces le secreur de I recherche-développement
afin qu'il puisse suivte Je développement des technologics naissantes et
des 1echaiques Ge poinie, en évaluer kes incidences ainsi que les possi-
bilués d°application au développement technologique naiional, «t en
faciliver assimilavion. 1) faudrait avgmenter Ies ressources financieres
<« humaines.

18. Concernant 1°¢laboration d’unc politique de  recherche-
développement, une atiention parniculiere devrait €tre accordée 3
Vexplonanon cfficace des sésuhiats des travaux de  secherche-
développement. A ceite fin, i} faus renforcer les politiques et les méca-
nismes qui visent A améliorer les couramis de lcch»olo;ic et Jes échan-
ges dinformation emire Je <ur de la secherche-développement
(laborasoires de recherche, instituis et universités) et Jes secieurs pro-
ductifs. .

19. Les centres de rechesche-développement du secieur indusiriel
offrent des possibilités de coordination sovhaisable e essenticlic entre
les acrivités des insiitots de recherche et celles du secieur productif,
Des engagements fesmes devraiens ére pris visant 3 garamir des inves-
thsements suffisamis dans 1a recherche-développement en vue de
T'absorprion, d¢ l'-da;muon et de Vamélioration des sechniques,

qu°elics soiem mises au point au nivesu local ou mponm n laudvan
accorder une sucntion paniculicre 3 13 prospective 1cchnol )
aux possibilités de découpage des apponts lechnoiopqm Les Sysié-
mes dc secherche-développement deviom viser § contribuer 3 un
tsansfert technologique cfficace de connaissances de basc (savoir-
faire) &1 & faciliver dc nouveaux progrés. Les organismes @ érvdes.
d'ingénieric e dingénicurs-conscils coniribuens de facon capitale 3

wanfosmer les innovations icchnologiques en 1echniques viables.

Source : CNUCED, 1986 (op. cit.)

€) Techaologies de puinse

36. L applicarion de sechnologies nouvelles doit étre mansicée $ la
fois Cans les secicurs modernes ¢ iradinianncls, pour eaploites I'avan-
vage comparatif et accélérer Iinduniriatisation. Il faut agir sams tardes
pout instaurer wne collaboraiion dés le nade de 13 secherche-
développement, pour {2ire concorder les proims de vue dey miliasewss
éventuels €t de cevn Qui acrucllement metient au point les technolo-
gies. Une asusiance Cexrant ésre offerie aun entreprises nasionales
pout Jes avder 3 panicipes 3 cetie collabozanion, qui lcur permenss de
nirociny dans d¢ honnes conditions ¢t 0" accromte leyr pouvois de déci-
S0 en aquesant. sur le Mmarché internanonal, les éléments, plans,
ns1allaons o ¢ neances technigues Que ces sechnologiey sequié-
sent. Loy pays en développemens des raient bénéficier 6" un 1 aitement
différenci e1 special guam 3 1"acces auz sechnologies de pointe sur le
marché international de ccs technolngics.




-251-

1.3. From comparative advantages to the laws of the World Imndustrial

System

1.3.1 The objective limits to wage cost advantages

31. Analyses in terms of the New International Division of Labour or of
International Redeployment depend on a classical and static approach
through Comparative Advantages. The existence of cheap labour im the non-
industrialised countries does not date from yesterday.... They have
alvays had, in a general sense, the advantage of low wage costs. Rates of
exchange have also, in an equally general wanner, always reflected this
advantage and the cost of the labour in international currencies is clearly
much lower in the countries of the South. It is therefore an absolute
advantage in the classical sense of the term, and this is confirmed on the
market. To remain within this framework it is necessary to extend it to
the neoclassical situation and to consider other components of the cost.
It may be assumed, for example, that the cost of capital is at a higher
level in international currency. This would ensure that this situation
could not lead to producing everything in the countries of the South.
They would thus have a surplus in their trading balance which would, in its
turn by bringing with it a rise in their rate of exchange, re-establish
equilibrium. The reality is totally different: there is an obvious
industrial deficit. 1f therefore wage coscs in international currencies
are low it is still the fact that, within the framework of this
neoclassical argument in terms of Comparative Advantages, the other
components in the cost are, in international curremncies, much higher than
in the industrialised countries. If this reasoning is correct the
specialisation of the countries of the South must be found in ac ivities
using relatively more labour since these will be the first to see their
overall costs in international currencies fall below world costs, when
their rates of exchange have fallen to a sufficiently low level.

32. 1t was on the basis of this simple, or even simplistic, analysis that
the IMF, facing the problems of deficits in trading balances, advised
countries to compress wage levels and to devalue their currencies, and this
gave short-term results which were not negligible, But this same analysis
can suggest entirely different solutions. 1f a country wishes, in the
long term, to increase its participation_in the fruits of world expansion,
it wmust raise its wage levels in international curreacies. It must
therefore attack other components of the overall cost to become industries
which are "competitive"” on the international market. Remaining within
this same analytical framework thenm as long as cost components other than
wages remain, on average, at a higher level then these industries will
remain those which are relatively more intensive in terms of labour.

33. However to view the problem in this way is to open up a fundamental
breach, since it transfers the reasoning from the field of costs to that of
productivity, Whatever the other components of the cost may be do not the
industrialised countries have apparently specific _advantages in
productivity? Manifestly the industrialised countries have a great
advantage in the cost of putting physical capital into production, and even
more in their mastery of production know-how together with its industrial
transfotmation.

34. The relocation of wultinationals towards low wages, provided that
these are sufficientl low, can continue to be operated for those

industries which are most labour-intensive, and can offer employment and
currency for the beneficiary countries, The other condition for its
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continuance is linked to two kinds of constraints. Thos. operators which
are multinationals must not be shackled by the closing of plants in their
countries of origin if it is to be relocation in the strict sense; it must
also be possible to supply the markets for which the products are intended
from the new sites of production.

35. Obviously since the end of the seventies the development of micro-
electronics is directed towvards an increasing automation which is
continuing, and will go on continuing to the point where the electronics
industry will no longer be a highly labour-intensive industry, even if it
is far from being this now. It must also be added that the impact of
micro-electronics has, for all industries and globally, considerably
reduced the contribution of the cost of unskilled labour in all industrial
productions. In order to effect a modification of the comparative
advantages, within the framework of this type of analysis, it is necessary
that the scale on which industries are classified as a function of their
labour intensiveness be also modified. If this is the case then the
international relocation movement, under the conditions set out in
paragraph 34, will apply to those industries which have newly become more
labour-intensive, and also provided that there has been no modificaticu of
the other components in the overall cost.

36. The wage costs advantage therefore comes up against the fact that it
promotes not any particular industry but those industries which are most
labour-intensive. If the electronics industry is a high technology
industry, relatively 1less 1labour-intensive when compared with other
industries, it should not, according to the scheme of the multinationals’
relocation towards low wages, continue to develop in the Third World
nations.

37. In order to attract foreign investment in electronics production it
is therefore necessary to offer something other than low wages, in such a
way that production is competitive, at least to the point where it is
possible to believe that the operator can relocate with his costs for
components other than labour at the level of global competitiveness. Many
empirical observaticns have led to a recent report from the United Nations
Centre on Transnational Corporations delivering a judgement which is in
every respect concordant with the analysis that we have set out.
According to this report : "... only those developing countries or areas
would be selected by transnational corporations for high technology
investments which already possess certain characterstics, namely, a
relatively well developed network of capital goods and intermediate
industries; a well developed financial, transportation and communications
infrastructure; a highly skilled 1labour force of engineers and
technicians; and substantial government commitment to research and
development.” (UNCTC, 1986, p.440). This means in fact that electromics
production will be relocated taking account not just of low costs, other
than the cost of unskilled labour, but because of the existence of specific
productivity advantages (cf paragraph 33 above) which are necessary for
carrying out the production of high technology electronics,

38, 1Is a return to the North of those industries which had been relocated
in the South to be regarded as probable? Remaining within the strict
framework of the classical argument in terms of Comparative Advantages, and
hence of wage costs, the single fact that electronics production was no
longer one of the labour intensive activities would inevitably lead to a
return of electronics factories to the industrialised countries. If on
the other hand one leaves the classical static argument to consider that
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the older establishments have been accompanied, in terms of dynamics, by
the progressive creation of specific productivity advantages then the
question of their return wust obviously be posed in a very different
manner. It also has to be posed differently if there are local
constraints of the type of those cited in paragraph 34 and, in particular,
those related to productions destined for domestic markets where proximity
is a very important specific commercial advantage.

39. An empirical analysis of cases of relocation shows in effect the
creation of dynmamic effects which could endow the receiving country with
specific advantages. Thus for C. BERTHOMIEU (1985, op. cit.) the sub-
contracting of manufacture to an independent enterprise can advance local
industrial capabilities. One would certainly consider that joint ventures
can very often have certain characterstics of independence, at least when
assimilating technological transfers. It is in this respect that the
Korean industry seems to have succeeded, where in 1984 foreign subsidiaries
only employed 16X of the manpower in the electronics industry. Finally it
should also be noted that in the case of the data on North American imports
(Tariff 800-807) an analysis as detailed as that set out in Table VI-6
above shows changes in the proportion of the offshore value added in the
imported value. For Korea and Singapore this has increased considerably,
but this is not the case in Malaysia and the Philippines and so is
evidently the index of an extension of converting activities: a larger
number of stages in production, adding more value to the product, are
carried out locally. This indicates very clearly the skill content of the
work carried out offshore snd, as a consequence, an improvement in the
level of local industrial competence. Such competence, relevant to a
specific field but which is not only found within the relocated
subsidiaries but is held collectively, constitutes a specific advantage
which goes beyond classical and neoclassical analyses in terms of
comparative advantages.
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40. One can give by way of an example two empirical elements which
illustrate this analysis perfectly. The first is vtaken from R,
CHAPONNIERE and R. TIBERGHIEN (UNIDO study : "The electromics industry in
the ASEAN countries", June 1988, p.11 of French version): "the study of the
electronics industry in the ASEAN countries underlines, however, a paradox:
it is the country with the highest wage levels which receives the largest
number of investors. As one can see this divergence has alwvays existed,
wages in Singapore being traditionally the highest in Asia." The second
takes us to Mexico and the assembly firms; we may quote the headline of a
recent article in Electronic Business : "Robots in Mexico? Automation
vhere many are jovless? Sure - US electronics firms are automating their
plants south of the border. The push for high quality is just one reason
vwhy." (15 February 1988, p.110). Quality and speed are good reasons for
automating, but if it is automated why continue to come to this area? In
this article the average structure of costs in the United States is
evaluated as being 15% for labour, 65% for materials and 202 for general
overheads. In Mexico the cost of labour is at least eight times smaller
than in the United States so the replacement of a few workers by an
automatic machine cannot be justified in terms of costs. The machine, or
more generally automation, does not in fact replace workers in order to do
the same work; it does something that they cannot do. This is the case,
for example, with the Surface Mounted Devices (SMD) technique. The
reality is that, even within this 2zone which, has often been seen
exclusively as an enclave where Mexicans sold their labour at a low price,
specific advantages have developed. The article cited above emphasizes
that engineers and technicians trained, more or less well, in Mexico are
now being employed and sent by the American firms for further training in
the United States; the level of technico-industrial capabilities must be
sufficiently high for Zenith to establish a Research and Development team
working on television tuners in its Matamoros unit (op. cit, p.116).

41. All this shows clearly the need for an analysis which takes into
account the functioning of the industry, that is to say the world
industrial system, within which is seen the global technico-industrial
evolution which we described in Chapter I. It is here that the laws which
make it possible or impossible to participate in an increasing manner in
world production are defined. Whilst they may show certain facilities
they also indicate major difficulties.
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1.3.2 Difficulties in mastering a high-technology global industry

42, The electronics industry has been progressively transformed into a
high-technology industry in all its components; recently it was the turn
of telecommunications, then came mass consumer electronics, whilst the
production of discrete components and printed circuits is also seeing its
recourse to unskilled labour greatly reduced. Research and Developmwent
activities increase everywhere, and also as a percentage of turnover, being
engagrd in greater depth and calling increasingly on fundamental research
vork.

43. Electronics production needs highly skilled labour and machines which
are capable of meeting the demands of precision and quality which can only
be achieved when they are automatic. In many cases these machines are
under numerical control, and it is generally necessary to have recourse to
the development of software suited to the production to be carried out,

45, The first two factors form an extremely high barrier to eatry into
production since it consists of specific know-how to which access is
difficult and also of academic training which then has to be supplemented
by experience in the laboratories and workshops of operational plants.
The system of techmical evolution is also so rapid that this know-how is of
a highly evolving and cumulative nature, so constantly raisiag the height
of this barrier against entry.

45. The pervasiveness of electronics has recently been expressed in an
increasing manner which multiplies the technico-industrial interactions
between all the branches, firstly of electronics and then of the increasing
number of different activities which are concerned by the impact of
electronics. This makes it necessary, in the case of any electronics
production of an international level, to be able to call on a well
developed industrial fabric which few Third World nations can offer.

46. The amount of the necessary investments, and the scales of prcduction
which are imposed by the need to make them orofitable, constitute a
considerable technico-financial and commercial bar-i:er. In most cases the
electronics industry is very capital-intensive and must be assured of a
very large market. For any given country, where the domestic market is
restricted, this implies the need to export, and this cannot be done very
easily in fields where clients are very concerned with reputations,
particularly in regard to quality. It is also necessary either to master,
or to introduce oneself into, very specific production channels, whether
these involve telephone terminals or components.

47. Finally this field is an extremely desirable one. A real
"technological war" rages between the industrialised countries who are
increasingly conscious of any penetration of their markets, these being
always the markets which are most susceptible of offering those outlets
vwhich the Third World countries do not have locally,

48. To enter into electronics production, with its high technology, with
the objective of an industrialisation strategy seeking to bring the
territorial production apparatus into the age of electronics, thus presents
major difficulties. It may therefore be tempting, initially, to look at
it from the side of those facilities which the operation of this global
industry can offer.
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1.3.3 The facilities for dependent insertiou by way of assembling or
copying

49, Sheltered on a protected domestic market it is certainly possible,
with a delay of some years, to proceed to local production after dissecting
and copying many electronics products. In a large number of countries
having some electronics production it is possible to decipher the procedure
for the production and testing of a board, for example for disc readers, to
purchase the components on the international market and to produce them at
a cost vhich is lover than the price of the imported product (with higher
or lover taxes).

50. The electronics assembling industry remains possible, even with
automation at a high level, within the framework of sub-contracting as OEM
or as second source, provided that the necessary equipment and compoaents

can be imported and that there is an adequate domestic market.

S1. For countries which already have some technico-industrial competence
the efforts being made by certain actors in world industry in regard to
international standardisation may, from certain aspects, present a
favourable character. Standardisation does allow some techmical tranms-
parency, increases the size of markets and raises competition, The
standard compatible PC has allowed a number of countries to start
production of microcomputers, something which would not have been thinkable
in another situation. The ISG, RNIS and other standards can play the same
role. From another side national specifications for this or that item of
equipment can shelter local industry from exterior competition and allow
the development of know-how without being immediately at international
competition level,. This can only be operated in the case of those
countries which have an appreciable domestic market, since such a
specification excludes any possibility of exporting.

52. All these facilities for insertion into world electronics production
are operations where the local actors are in fact led to try and follow
those who possess mastery, and thus they are in some way dependent.
However it may be imagined that this is also an occasion to improve the
levels of the existing capabilities which were inadequate. Nevertheless
using these facilities alone will not suffice to transform the production
apparatus and to become industrialised. It is therefore necessary to
envisage a real strategy for entry into electronics in the more or less
immediate future.

2. TOWARDS AN INDUSTRIAL STRATEGY FOR ENTRY INTO ELECTRONICS

2.1. What point(s) of entry?

2,1.1 A critical exawination of simplistic responses : softwvares and ASICs

53. One often hears it said that Third World countries would have a
comparative advantage in software production. Without going back to what
has already been explained in paragraphs 31 to 41 concerning the argument
from Comparative Advantages it should however be emphasized how this is in
fact a simplistic or misleading response to the question concerning the
point of entry.
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54. The basis of the argument rests on the low cost of abundant skilled
labour and on the fact that it would be possible to develop software in a
way which is quite independent of the production of the hardware. This
leads to the idea that Third World countries should launch themselves into
software and occupy a significant place on the international software
market.

55. 1In fact relatively skilled, and sometimes very skilled, manpower does
exist in practically all Third World countries, and whilst it is always
cheaper manpover than that of the industrialised countries it is unot
abundant. Furthermore the production of software independently from the
hardware relates only to applications software, and always requires access
to the hardware on which it is to run.

56. This has two consequences. Even a populous country like India with
considerable resources of highly skilled manpower can only expect, despite
ambitious objectives, very modest prospects in this field. If the
projected plan is achieved India will export software to a value of some
US$ 300 million in 1990 (Datamation, 1 September 1987). This is a very
mediocre exporting resource when it is realised that one software package
for the PC microcomputer can achieve sales of US$ 1 billion. All this is
despite the fact that electronics is one of the wany fields in which India
has real capabilities. However, amongst its most remarkable results is
not the fact that the excellent team at TATA Consultancy Services has been
able to produce this or that software for ome or another of the North
American or European firms, but rather the fact that a team of eighty
Indian computer scientists are able to start up in software design of
integrated circuits as a result of the investment made in Bougalore by
Texas Instruments,

57. This easy entry, by way of dependence on a world leader, is necessary
since in the production of software the barriers against entry are very
significant. Hardware know-how is essential for keeping abreast of the
frenetic rate of technical progress im basic software. In regard to
applications software other serious barriers are raised in respect of
credibility, a reputation for customised software, publicity and
distribution channels.

58. 1In particular one can see that the field of software for PC micro-
computers follows an inverse innovation cycle rather similar to that shown
by R. BARRAS (1986) for services. After an initial phase when all
software proliferated a large number of firms found their own niches.
During the second phase firms in every country of the world could sell
their applications software. Finally in the third phase there appeared
new and more all-embracing software concepts, and this allowed a small
number of firms to become leaders and to cause the many small niches to
disappear. At the present time the launching of a new product requires
considerable expenditure on development and, particularly, on publicitv and
consequently demands a very considerable market.

59. Thus to enter electronics through software would seem to be a
difficult option, 1If this is true for India it is all the more so for any
country which does not have a comparable potential of highly skilled
manpower. Furthermore it is far from obvious that this is an optimal
point of entry to carry out an industrial strategy which necessarily
remains centred on material production. This criticism does not apply to
the "ASICs" opticn,
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60. Another option which is proposed for entry into electronics is the
Pproduction of high technology integrated circuits. Since it would appear
that a silicon foundry and the design of completely original circuits form
a field which is probably reserved for highly industrialised countries with
an adequate domestic or export market one may turn towards a_ simpler
version, that of the design of ASICs: a definition of these may be found
in Chapter I, paragraph 61.

61, Even in the simplest versions the sums that need to be invested
remain considerable, and the levels of training to be achieved are very
h1gh (cf. O. MANCK, 1987). In the European countries there are only a
limited number of teams which are fully up-to-date and capable, if needed,
to train engineers after academic training, so that they could then attempt
to carry out this extremely delicate operation.

62. Here again the idea of separating the software activity from the
design activity seems totally umrealistic. Interaction between these two
activities has to become all the greater as technical progress speeds up.
Most careful studies confirm this judgement, which is shared by J.
SIGURDSON (1986) : "It is not yet obvious to what extent the design phase
can be separated from productions of ICs considering the very high rate of
development of IC manufacturing.”

63. Under these conditions to launch Third World countries into the
production of software or into that of ASICs is mainfestly to adopt an
extremely simplistic approach to a very difficult question.

2.1.2 Focalisation-articulation requirements

64. The very strong intercomnection of the various branches of the
electronics industry makes the problem of choosing a point of entry an

extremely delicate one. Reasoning which is too exclusively guided by
"technique"”, that is to say the reasoning of an engineer, cannot provide a
satisfactory solution. Within such a framework the solution is to be

present everywhere since it is not possible to locate oneself concretely in
one place without profiting from the multiple technico-industrial
interactions, Such an option was unsuccessfully attempted by France
within the framework of the "plan d'action filiere electronique" (cf.
Chapter 1V), and most Third World countries are much less well equipped to
attempt it in their turn. This does not mean that one should not produce
some of every kind of goods, even with a low degree of mastery and
integration, when this is possible, However the dissipation of efforts
runs the risk of considerably lengthening the time needed to master any one
product,

65. Using this same reasoning the limited solution consists of attacking,
since one cannot do everything, the nicro-electronics foundation, the basic
bricks, This is a withdrawal when compared with the extensive investments
which would have to be made but, as was pointed out above, the production
of integrated circuits - and even just their design - cannot be carried out
without technico~industrial interaction with clients' activities and very
extensive know-how. It is not therefore a real answer. In the same way
the "software" solution evades the problem without solving it.

66. Taking the technico-industrial situation of the world electronics
industry into account it is necessary to adopt a strategic attitude and to

seek a weak link, taking its specific advantages into account and to apply
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all one's weight to this by devoting large private and public resources to
it. The magnitude of the tangible and intangible investments needed, and
the size of the market for profitability in most of the fields, imposes on
any strategy of entry, with the ambition of future mwmastery, this
requirement of focalisation.

67. Simultaneously this focalisation raises the requirement of
articulation. That is to say the chosen entry activity will gradually
extend its advantages to one of the numerous linkages in the inter-
connections which characterise the whole of the electronics complex. In
particular, and as soon as one begins to master the initially focalised
production, the production of certain of its components or constituent
parts will be found to be perfectly justified and feasable while to produce
a more complete assembly could pose problems by reason of another
requirement, that of its level of complexity.

2.1.3 Complexity level requirements

68. Entry into a field of high technology can be effected, when a weak
link has been identified, without necessarily choosing a point which is
less complex than others. In order to achieve mastery at this point it is
first of all necessary to be capable of implementing state-of-the-art
production techniques: to acquire the equipments and to commission them.
Then, and after the capability to utilise the production technique, it is
necessary to pass from technique to technology (cf. Chapter 1, paragraph
15), that is to say to acquire an overall understanding of the processes to
be utilised. Finally it is only this understanding which makes it
possible to make improvements in various aspects of these processes or to
modify the product in some way so as to meet the wishes of certain clients
or changes in the demand. This third step shows true technological
mastery and may take a longer or shorter time; in an industry where
progress is rapid this may mean in fact several generations of products.

69. Progressive mastery of t! field of entry shows the obvious
temptation to progress towards vertical integration, since the overall
understanding of the process to be utilised will be found to be improved.
This is in fact the way in which a number of large informatics firms
arrived, a long while ago now, at the stage of wmanufacturing their own
integrated circuits, and it is also the way which Goldstar has recently
followved in Korea. Onto this choice is also grafted that of the nature of
the resources to be wutilised, and this will Jdepend on national
characteristics: the formation of a large and increasingly integrated
enterprise or specialised enterprises, the relations between then resulting
from the market where an intermediate price will duly appear.

70. This being the case the relationships with clients can also
facilitate a prior understanding of a field where elaborated products enter
as constituent parts. In certain cases an_understanding specific to a
constituent part and the availability on the market of other comstituent
parts of the same level of complexity may require only an easily accessible
supplementary technico-industrial capability in order to construct a system
which 1links them into one machine which processes or transforms
information.
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71. It is clear that all depends on the level of complexity for both
extension and for integration. We can take as a point of departure the
production of printed circuit boards by small firms, with an agreement with
other client firms, these circuits carrying out a specific function and
consisting of various components. Mastery of one circuit corresponding to
one function can confer the ability to master circuits corresponding to
other functions, and hence to generate a potential to master partially the
production of the equipment which links together these different board-
functions. By contrast it is perhaps, if not certainly, more difficult to
consider that the building of one or other integrated circuit on these
boards could mean progress in a significant manner towards the capacity to
produce thesm. This does not mean, on the contrary, that it is iampossible
to envisage progressing towards complexity by integration as well as by
extension: the printed circuit board certainly includes other components
which are easier to produce than integrated circuits. Furthermore it is
equally possible to progress in complexity laterally. Electronics is a
constructional industry, a technico-industrial complex, and cannot be seen
as a chain or thread linking together activities which interlock from
upstream to downstream and which, from the chip to the super-large systenm,
become increasingly complete. Laterally increasing complexity may
correspond to more sophisticated boards, at several levels, necessitating
more sophisticated equipment: the spectrum is extremely broad here, as in
all segments of the electronics industry.

72. The existence of a gradation in levels of complexity therefore makes
it necessary to choose a relatively less complex point of departure, in a
place which will not prevent the achievement of the expected results, with
the excess costs inherent in the inadequacy of mastery which will
necessarily characterise the start of any activity. It is not possible
here to go into a detailed study of the increasing complexities through
which all the activities in the electronics industry pass. It is however
possible to illustrate this gradation in a very simplistic manner by the
variation in the degrees of complexity "revealed” by the international
hierarchies concerned with the major traditional branches of the
electronics industry, Japan started with relatively simple components
and then dominated the world market in mass consumer electronics, with
radios and then with television receivers, when they utilised relatively
few very complex components other than the tube. It is only recently that
Japan has been able to become an important manufacturer in integrated
circuit memories. Its world position remains somewhat backward when
compared wvith American domination in small, medium and large informatics
systems, fields in which Europe remains powerful as also in the case of
telecommunications where, once again, the power of the Japanese is more
recent, It should be added that it is only from today that one can date
the birth of a microprocessor of Japanese design. This presentation of
the revealed levels of complexity during the course of history shows
numerous correctives: above all it is necessary to point out that within
Mass Consumer Electronics (MCE) one finds a fairly wide spectrum of levels
of complexity with a particularly high complexity in present and future
television receivers.
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73. However this very general sketch makes it possible to direct ideas
towards this very important concept of gradation which can be illustrated
by an example of a more recent and current progression, that of South
Korea. This country manufactures and sells on the world market television
sets and electronic chips; however although it also sells compatible
microcomputers it is today seeking to integrate a number of components -
obviously all the microcomputers manufactured in the Third World operate
not only with imported microprocessors but also with numerous other
components. Furthermore, and even by purchasing the components, South
Korea cannot manufacture super-minis, that is to say rather more complex
informatics systems, and has to be content with buying them in kit form and
hoping gradually, by dissecting them, to acquire a 1little mastery.
According to Kil-Nam CHUN of the Korean Advanced Institute of Science and
Technology (KAIST)} although Korea has hundreds of computer scientists they
are not at the present time capable of designing a diagnostic system for a
CPU vhich can identify defective boards (DATAMATION, 1 June 1987, p.68-2).
One could cite other examples such as attempts by Korea, India and Brazil
to produce telephone exchanges of a certain size.

74. This gradation also poses the problem of the possibilities for
maintenance. These are directly linked with the level of complexity of
the equipment to be maintained and also the level of complexity of the
equipment which needs to be used in carrying out this maintenance. It is
obviously not possible to go into detail, but here again these comments
should guide considerations and, above all, prevent adopting any position
until after highly detailed consultation. Table VI-8 sets out an attempt
at a very broad evaluation of levels of complexity and their accessibility
by the generally accepted categories of Third World countries (J.
SIGURDSON, 1986, op. cit., p.76): "A more detailed distinction, linked with
an evaluation of the scientific and technico-industrial potentials, would
obviously be preferable, and then it would be necessary to link this with
an equally detailed scale of complexity.”




Table VI-8 :

EVALUATION OF THE LEVELS OF COMPLEXITY AND
OF ACCESSIBILITY OF ELECTRONICS PRODUCTION ACCORDING
TO THE LEVELS OF DEVELOPMENT OF COUNTRIES

“Stage of Use of profes- Manufacture of Manvfacture of Hanufacture of .
national sional elec- electronic semiconduc tor complex elec-
develop- tronic equip- equipment components tronic systeas
ment” ment
Developing severely generally impossible impossible
countries at constrained not pos-
the early stages sible
of development
Developing possible only pos- _not possible not possible
countries with cer- sible through

tain cons- collaboration

traints
Newly without possible but independent only possible
indus- constraints in the main possibility through col-
trialized limited o $apossible laboration
countries consumer for the time
(NiCs) electronics being
Indus- without general ca- independent independent
trialfzed constraints pability capability cepabil ity
developing possible constrained severely cons-
countries and at high trained and at
(Indis & costs high costs
China)
Indus- without general .ca- general ca- possible only
trialized constraints pabfiity pos- pability only for a few big
countries sible but possible for countries or
(e.g. economfes of a few coun- smaller ones .
Sweden, scale re- tries with viable
USA) quires spe- international

cialfzation companies

Source : J. SIGURDSON (1986), p. 76.
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2.2. What tactics?

75. The theme of the endogenous creation of an appropriately adapted
technology has for many years been the burden of a number of specialists in
the theory of development. One saying has now become international:
there is no point in re-inventing the wheel: the wheel, the hammer and
many other objects are saturated but neverless indispensable techniques.
One can understand the heuristic value of re-inventing the steam engine or
the foot lathe and so on, but it is certainly possible to discover just as
much heuristic value in the least complex technical elements in those
technico-industrial wholes which make it effectively possible to generate
an industrial strategy for the age of electronics. Under these conditions
the principal tactics to follow are recourse to foreign technology and the
search for a level of global competitiveness.

2.2.1 Recourse to foreign technology

76. The commissioning of any new production activity will necessarily
involve the purchase of imported equipment and hence the implementation of
a production process which has been defined abroad. Frequently this is in
fact accompanied by the purchased authorisation to produce some product,
often limited by market restrictions,. Must one be offended by this and
cry after technological independence? Certainly one may regret that the
techniques, with their rational mastery which constitutes technology, are
not provided free of charge but are in part at least sellable and
appropriable. In these days the activity of all firms is founded on this
reality, -nd the operating rules of world industry do not always encourage
them to hand over what constitutes one of their specific advantages, on the
nature of which the so-called International Division of Labour is
estublished (cf. point 1.3. above). At the present time and in many
fields firms in the industrialised countries are relatively more reticent
than in the past to hand over their technologies. Nevertheless attempts
should be made to purchase them, even if this is to recognise to some
extent what is, when all is taken into account a very real technological
dependence. There is nothing ignominious in this dependence, and
doctrinal judgements on the matter must be expunged in the face of
pragmatic analysis. I1f we look at international trade in licences it is
possible to emphasize generally the enormous deficit which characterises
the technological dependence of the Third World nations. Undoubtedly
true, But using this yardstick the country which is most technologically
dependent is Japan! In 1983 (CPE Bulletin, No.29, Paris, pp.45-46) the
rate of coverage of imports of licences was 10 for the United States:
their export receipts are ten times greater than their import expenditure.
The corresponding figure for Great Britain is 1.3, for Germany 0.7, for
France 0.6 and for Japan 0.285! Taking the 1982-1983 average Japan,
according the the OECD, ha2d an external deficit of more than US$ 10
billion: what a level of dependence!

77. Recourse to foreign technology must be effected without any doctrinal
preoccupations concerning dependence, but partly with the logic of the
competition of the world industrial system and partly with that of inter-
national private or State cooperation.
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78. The competitive logic in the acquisition of foreign technologies must
not be limited to the consideration that "technologies" are available on
the market. Firstly there is, in fact, a considerable quantity of
knowledge concerning techniques and even on their utilisation which is
practically free. It is necessary to visit exhibitions and to subscribe
to data banks: this cannot be done entirely free of charge but it is
possible to find in them data which one needs and which it would be
pointless to purchase at a much higher price by means of an agreement with
a foreign firm.

79. Before buying technology it is necessary to define the field of
technico-industrial knowledge which one is seeking to acquire, and to
target a technological lookout which should make it possible to obtain, at
very low cost, a quantity of information and knowledge which does not have
to be purchased, Such knowledge will make it possible to target more
effectively those operators who hold what is really indispensable and which
must necessarily be acquired on the market. This alsc makes it possible
to enter into negotiations and to this end to have already acquired a
certain level of competence by an examination of technical documents, by
visits to plants, by discussion, by inviting foreign engineers and by the
competition in certain fields which it is sometimes possible to stir up
between various foreign operators. This new level of prior knowledge will
make it possible to evaluate with more accuracy exactly what should be the
object of the licence, in particular by eliminating a number of facts which
one hopes to be able to generate oneself on the basis of the primcipal
acquisition.

80. It is tactics of this type which will make it possible to master a
technology progressively and which will harmonise with the requirements set
out in paragraphs 64 to 74. They have been successfully employed here and
there, obviously in Japan but also in other countries such as Ireland.
E. LALOR (1985) reports that the Irish Goods Council marshalls its forces
to show what equipment the public authorities import in order to encourage
local manufacture, In this way public orders provide an occasion fer
facilitating this "technological lookout" for companies. In this way an
Irish firm was able to dissect a French modem and thus to appropriate it in
such a way that, shortly afterwards, nct only did the Irish administration
give them orders for this product but the Irish firm succeeded in exporting
them to France.... The cases can also be cited of Korea which, with its
desire to produce super-minis (cf. paragraph 73), simply decided to take a
shareholding in an American start-up firm which held this technology, or of
the Economic Development Board of Singapore which is established in Silicon
Valley, or again the purchase in 1984 of Autonumerics, a manufacturer of
electronic machine tools, by China, so as to facilitate their *"dissection”
by its engineers.
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8l1. This tactic is not =2lways accessible and already demands some
technico-industrial capability so it may be necessary to place more faith
in the virtues of international cooperation, even if this involves going
through the market for a not unimportant part of it. This international
cooperation can be established with private firms, despite their
essentially wmerchandising logic, particularly when they have the feeling
that the partner is not operating the tactic described in paragraph 79, or
when they feel that he does not have the required resources to do so,
There are many examples of this and one may, as an example, cite the case
of the cooperation in informatics between Data General (United States) and
China which was initiated in 1975 and which opened up a route followed by a
whole string of firms from Sinclair .with microcomputers) to IBM (installed
in 1986) and which, as everywhere else in the world. seek to develop a very
close cooperation with universities, starting by supplying them with
equipment,

82. International inter-State cooperation is more usual. Very many
international agreements including programmes for training and technical
assistance are in operation to the benefit of Third World countries. This

is also a source for a possible technical lookout tactic. The
industrialised countries are starting to be disturbed by the considerable
proportion of foreign students whom they are training. In the United

States nearly 50% of 11 the PhDs awarded each year go to foreign students.
However it must be aducd that graduate unemployment leads a number of these
foreign graduates to remain in the industrialised country of their
training. Eventually programmes for the repatriation of such graduates
(as is the case today in India and Korea) could facilitate the acquisition
of technologies, as in the case of the Indian S. PITRODA, an industrial
physicist in the United States, who returned to India and founded CDOT to
design small telephone exchanges for country areas (Electronique Hebdo,
4 February 1988, p.5).

83. 1International cooperation on a South-South regional basis is also the
subject of numerous agreements, although the content of these remains very
limited. Certainly a number of countries accept foreign students, but
this merely reproduces a cooperation of the same type as that between the
countries of the North and those of the South, It is therefore a kind of
cooperation between intermediary or 1linked countries and slightly less
advanced countries.
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84, It is rare to find real cooperative actions which unite, in a conver-
gent manner, the efforts of countries of comparable levels of development,
or of regional proximity. There are certainly numerous texts on this:
Chapter V of the Lagos Plan of Action on Science and Technology, adopted in
1980 by the Organization of African Unity, the Tokyo Programme on Technique
in the Service of Development in the Asian and Pacific Region, adopted in
1984 by the United Nations Economic and Social Commission for Asia and the
Pacific, together with various organisations attached to the UN. However
conirete applications remain modest. Even in Latin America, which has
shown for many years a desire for regional cooperation, the results are of
little importance. There is certainly the Latin American Economic System
(SELA) which adopted in 1986 a Scientific and Technological Strategy to
reinforce the scientific and technological capacity of the region as an
indispensable element in promoting general and harmonious economic develop-
ment in Latin America. And it is in this region that the UNIDO project to
create regional networks is the most advanced. Hovwever in the most recent
version (UNIDO, 1987) the acitons of UNIDO in this matter do not indicate
any modifications as compared with the previous versions: it wust
therefore be concluded that projects of this type are difficult to develop.

2.2.2 Seeking a level of global competitiveness

85. Successful entry into world production is only confirmed when
technical capacity to produce is reflected in industrial quality without
excess costs over what could be achieved. 1In other words it is necessary
to achieve the level of global competitiveness which means including not
just the more technical aspects but also the industrial and commercial
elements. This therefore leads to defining the inherent tactical choices
which are associated with this search for a 1level of global
competitiveness.

86. This search for a level of global competitiveness guides first of all
the choice of the product as a function of its level of complexity and
links up with the mode of recourse to foreign technology. However it is
preferable, even for a simple component, to verify its level of compet-
itiveness rather than to try, by lowering the price of the product by a
possible public subsidy, to place it on foreign markets or, by means of
customs' protection, to impose ii on local users (national or foreign).
Such standards can only be temporary if the stages for reachiang the
required level are clearly defined.

87. This tactic poses the specific problem of the choice of the operators
and, where necessary, their number., Small firms, an existing or potential
division of a large firm, an existing or future enterprise in the public
sector...,.the choice here will obviously depend on the specific local
context, but in particular one must be guided by this search for
competitiveness where clearly the concept of competition which it includes
tends, a priori, to favour a multiplicity of actors of small size,
Whereas technical mastery sometimes seems to be more accessible to large
firms the stimulants to competitiveness seem to operate better with firas
of medium size, and more so in the private sector than in the public
sector. The problem is even more complicated wh2n, for reasons of
recourse to foreign technology, it is necessary to call on foreign
investment or a joint venture which then excludes the small enterprises and
often leads o a public shareholding. Each or almost every case is
obviously a special casv which requires an in-depth examination.
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88. The number of possible operators is clearly liaked with the potential
of the existing resources and the forecast market for the goods to be
produced. If in the initial stage it is only the domestic market, of
relatively modes. size, which is to be supplied, then the number of
possible operators, if scale economies and the desired profitability of the
investments are to be achieved, will need to be limited, whether these
operators are local or foreign. Thus in telecommunications whilst some
markets may make it possible to require foreign wanufacturers to install a
production and assembly activity for some components, from which 1t is
possible to derive a raising of local industrial capacities, it is very
exceptional (as in India or China) for the potential market to make it
possible to envisage these activities being operated with several operators
at a level of world competitiveness. Conversely on the Brazilian market,
which is reserved for local operators, the unlimited number of operators
has deprived each of them of the scale economies and the curves of
experience which could rapidly improve their competitiveness, leading to a
long and hazardous process by the local market to arrive at this point.

89. The importance of being at the level of world competitiveness is
demanding but essential for transmitting positive rather than negative
effects to a unity where, as has cften been pointed out, interconnections
are very numerous. Even better this can reinforce thz occasions for
increasing participation in world electronics production by giving specific
advantages to the country. Knowing that one can have locally this or that
type of component, constitutents or intermediate goods of world
competitiveness level a firm elsewhere in the world could find it of
interest to establish here, rather than elsewhere, an investment on which
it had decided for the purpose of supplying the regional market
(cf. Chapter T, 1.2.). It is this which explains why many investments
have been mad: in Singapore where wages are higher than anywhere else in
Asia other than Japan.

90. When exporting is involved it is essential to follow a tactic of
global competitiveness, It is true that in certain cases it is possible
to sell certain products abroad by using a foreign firm and an exchange
involving access for more sophisticated products to the domestic market,
the latter including a certain level of integration of the foruer products.
These are doubtful successes, without any future, and on which there is no
point in dwelling. To export in a lasting manner, possibly in a more
autonomous manner, is much more difficult and, in particular, requires
major expenditure on publicity, even for intermediate goods (in the trade
papers). Furthermore in many cases it is necessary to identify and to
master the export and distribution channels, which are rarely simple.
Here again one finds a form of know-how whiclk demands a difficult and
progressive apprenticeship.

91, In the case of each product raising it to the level of global
competitiveness should make it possible tc achieve a not unimportant
position on the world market, and iu certain cases the successes are
spectacular. One cannot close without citing the case of the Korean mass
consumer electronics industry which exported goods to a value of
US$ 3 billion in 1987 and which has today arrived at the stage of
relocation to the most industrialised countries as can be seen from
Table VI-9,
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Table VI-9 : FOREIGN INVESTMENTS BY THE KOREAN
MASS CONSUMER ELECTRONICS INDUSTRY

BOTRERSE USINE A CAPTEAL IVESTISSEMENT PROOUITS REMARQUES
LETRANGER
GSAI:BU. 25 millions éc $ Puosstdée ca wotaliné TV coulewr ¢t fours A
micro-ondes
Goldsiar Co GSEG : Allcmagne F. . 2,5 millions éc $ TV cosleur et VIRS
GSV 14 million dec § Joint veatuse (25 %) 10 % dv marché EU.
Fours 3 micro-ondes 400 000 VTR /an,
300 000 TV/an
Cic Samsung SILE-U. 2 millions dc $ Possédée cn totaliné TV coulest
Electronics SET : Portugal 500 000 § Joint veatuee (56 %) | TV coulcwr 600 000 TV /an
SEMUK : GB. 1S millicadc $ Possédée cn rotaliné Fours 3 micyo-ondcs
Seakyong America 1.5 million dc $ Possdée en sotalieé Bandes magnétiques 200 000/an
Chemical (inzuguration ca 1968)
Sachan Irciand - Possédée en tonalité Bandes magnéiques
(inauguration cn 1968)
Dacwoo Longwy : F. ? Possédéc ca totali € Fours 3 micro-ondes 30 000/an

Note : EU = Etats-Unis ; GB = Grande Bretagne ; F = France

Source : Electronique Hebdo, n° 57, 28 janvier 1988, p. 4.

2.3 What problems?

92. The previous paragraphs have clearly shown that neither the choice of
the point of entry nor the tactical de:isions can be taken on an a priori
basis for every country or even for every category of countries. It is
not therefore possible to go further into this matter; however it is
possible to specify an approach to the problem involved in developing an
industrial strategy for entry into the electronics industry. This
approach to the problem is based on work which we have recently published
under the title "Les strategies d'industrialisation dans 1l'electronique”
(Strategies for industrialisation in electronics) and in which we have
analysed the strategies of about fifteen Third World countries (HUMBERT,
1988).
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2.3.1. Rejecting miserable dependence and sordid independence.

93. The approach which one must employ when defining a national strategy
for entry into the electronics industry must, in particular, endeavour to
escape from the traditional cleavages which have been induced in the past
by theories of development each of which has opposed sterile doctrinal
objections to the other.

94. For one theory it is a matter of opening up to the rest of the world,
in some way to the operation of the world industrial system; to do this as
well as possible it is necessary to attract or to favour, without any
distinctions, any foreign investment and to promote in this way, with eyes
fully or nearly closed, all exporting. 1In order to facilitate this omne
operates on the "comparative advantages" by trying to exert pressure to
hold down wages and to devalue the currency.

95. For the other theory it is a matter of escaping from the domination
exercised by the International Division of Labour on national economies.
Those who do mnot close their frontiers suffer despoliation and
disarticulation, and their dependence forces them to be just an enclave in
the service of the multinationals. Caricaturing the first theory leads one
to question a situation of miserable dependence, and to accept the counter-
risk of arriving at a sordid independence.

96. To close oneself off from the rest of the world and to fall back on a
domestic market which will always be too small leads to a squandering of
resources on local oligopolies or a bureaucratic public sector, sheltered
from any economic calculation of profitability; without external
stimulation the technological level progresses even more slowly than in the
past and the lag with respect to the rest of the world grows ever greater.
Independence is safeguarded, and possibly such a situation could favour
greater equality between the citizens of the same nation, but probably with
a considerable reduction in the average standard of living. All in all
this would just be a sordid independence.

97. A simple graphical representation (cf Figure VI-10) makes it possible
to understand how necessary it is to escape from this cleavage, each of the
theories giving precedence to effective realities which must nevertheless
be combined. The world industrial system consists of various world branch-
systems where the worid technico-industrial logic traverses the various
economic spaces. This vertical logic cares little for the social wellbeing
of this or that nation, and one would be very wrong to entrust the
improvement of one's wellbeing to it. By contrast the national economies
which wish to take charge of this organise their own socio-economic system
and for them, and for their public authorities, production is only a means
of improving the collective wellbeing and its distribution. The universal
technico-industrial evolution does not, of itself, constitute their
objective. To a certain extent their horizontal logic could very well pass
through this,




Table VI-10 : THE ORTHOGONALITY OF THE WORLD INDUSTRIAL SYSTEH
AND THE NATIONAL SOCIO-ECONOMIC SYSTEMS
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Source : M. HUMBERT, Rcvue Tiers-Mondc, "La socio-dynammique industrialisante”, scptembre 1986,
p. 549.

98. The orthogonality of the logics is such that to adhere to one leads
to miserable dependence, whilst to fall back on the other safeguards a
sordid independence. Clearly what needs to be sought is some articulationm.

2.3.2 Linking a social dynamic to the World Industrial System

99. Any successful strategy carries both a national mark, that of its
national socio-economic system, and a date, corresponding to the state of
the world industrial system at that point in_time. It is the judicious
application of a national scientific, technical and industrial potential to
the instantaneous state of the world industrial system, Such a strategy
cannot thus result from the strict copying of a model but perhaps of an
approach to the problem, and must be specific to the country concerned as
well as to the moment at which it is defined, that is to say to the state
of the world industrial system.
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100. As an industrialisation strategy the various choices may be judged by
the criterion of their impact on the progressive technico-industrial trans-
formation of the national potential: it is necessary to raise the
technico-industrial capacity to the largest number. As a national
strategy it must be based on the naiional system and to be found therefore,
by its nmature, to be a social strategy. It is necessary, and this is a
particularly delicate poirt, that it engages with an endogenous social
dynamic. It is this which leads to industrialisation, not the electronics.

101. With the electronics industry playing an essential role in the
functioning of the world industrial system the strategy for
industrialisation, which must reduce the orthogonality of the logics by
placing the local production apparatus more in phase with world industry,
chooses in a totally pertinent manner to seek to enter into the electronics
industry. However if miserable dependence is to be avoided it 1is
necessary to restrict the choice even further and, in a general way, to
organise a relative and modulated opening-up to a judiciously chosen target
so that this opening-up effectively serves as a lever to industrial growth
rather than merely allowing access to a rather destructive wind.

102. However, and whatever precautions are taken, this opening-up will
shake the socio-economic system, and various accompanying measures will be
absolutely essential to ensure the permanance of a social cohesion, which
is in any case not always perfect. The process of the technico-industrial
catching-up with the world electromics industry, and more generally of a
rapidly evolving world industral system, together with the progressive
raising of national capacities, is the ferment for majur social transform-
ations, the difficult managesent of which falls into the fields of
disciplines other than ours. However enthralling these may be we will not
say anything more concerning them.
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Annex 3

Table A.1 - 1986 production (US$ millions)

FRORETION 1322 ihionz 6 ©
Info. Bursau.contr. Milit. Telé Médic. Induss. E6F Como. Como. TOTAL Emploi Noabre

Instr. Coami. coma. Pass. Act. 1985 Firses
Allensone regerale €42 T3S ANZ 11F3 348 B 395 6l W 1332 24900 422000 1200
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Fovaunz un1 SHel O XS8F NHW O WWE O Wd $56 W 101 18267 372167 25
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el 143 168 pAl Yad kY 18 2 e 89 1247 TS o
Cinlznde ] 153 2189 33 16 lea 135 19 1077 4000 L)
Irvese 337 ide 2 3 ] 1 a7 88 1300 10
Svade B B 5 W 1331 192 I’ i AN Sb DA 0¥ 250
Cuizse 13 4 M 11 X % 52 W73 374 9% 344 3000
T87R Eur. Zzcigentals JESIT 1334 12647 10385 14960 226%F  M07 T334 11T S SHAL 1732637 &34
enada 1157 138 8O BI6 1387 135 & 33 i 30 5382 B8N0 847
Erasz-unis Sia6 TIOh ZiZFO A0R40 16600 8592 1745 G106 18153 A0 1730a7 1523200 1EEI2
CI Perious du Mord L3773 OIS 610 A1TS8 17987 4727 1805 A3S I1BAIS 15250 179447 1914200 13875
Jaron Jezo 8557 6281 1TM &3 20802 1533 15TH 89524 1190000 17072
R Faye inguetrialize TBATT SeeS ISISB BIZL GBS0 TA281 45241 336 Tel414 4646837 41135
woree cu Sed 2 S 1 B3 ¢ 8 8% 123 195 825 /IS 112
Hong +InG 577 & % ¥6 A Z St 1428 A2 3w 1557 10793 2611
31ngacour £ TS S (11 27 73 & I3 877 1298 {677 5% 67500 2
T3inan LEPRE ¥ M S 3 ST 1667 1623 941 6365 289245 2600
TOTAL Nains Ssants J¥BO07 W e 1793 42 les oA02 4357 4825 23693 757199 w73
Indonésie Y] 19 B 100 8 115 12 f6 875 25000 206
isisie 53 i 25 n 85 4 8 201 180 1544 205 64T 3
fhilipgines 1z 5 fo 30 &3 ] ) b8 72 103 1383 50000 30
Tnailande 74 e 17 B 13 7 i 199 4 42 765 12500 14
TOTAL ASEAN thors S1ng. ! w5 b7} 93 195 28 16 21 513 8 359 028 15185% 757
Afrique du Sud % 6 21 I 249 i1 22 8o 57 4 S46 48000 600
fustralie 102 12 151 187 Jes bt} 20 14 18 7 1126 19500 313
bresil o 1 118 19 T80 9 22 1182 892 48 5145 )]
Inge 165 FENT Y A 5.1 B k) 23 44 9% M8 155 2584 600
1srael o 4 B I 180 20 5 aQ  us 10 §168 40000 164
TOTAL Atres 124 lee 657 B9 1987 117 14 3. 1567 994 10566 157500 4077
Tl S6id0 14ddd TT GB4S1 43239 SIIT 40 4%e02 5145 41964 402777 SB6%38h 51442
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Annex 4

Table A.2 - 1986 production as X of TOTAL

FROCUCTICN 1586 () Info. Bureau.Contr, Milit. Téle Midic. Indust. E6P Comp. Cosp.  TOTAL
Instr. Commu. conm. Pass. Act.

Allesagne Féderale 7,032 S,092 10,9%% 2,041 8,212 7,33 9,361 5,41 6,882 3,171 5,108
Benelux 0,721 0,15% 0,617 0,17% 1,381 0,35% 0,641 0,922 0,730 00X 0,6
Danesark 0,12% 0,161 0,89 0,25 0,23 1,511 0,241 0,202 0,3 0,011 0. 29L
Esoaane 1,077 0,101 0,192 0,27% 1,32% 0,337 0,50% 0,94% 04X 0,23 0.8k
France 4,302 0,872 3,711 6,058 7,53 2,445 3,791 1,831 34Mm 29 4,191
Irelande 1,74 0,182 0,ASL 0,09% O,41Z 0,197 0,432 0,05 0,71% 0,53 0,682
Italie 3,07 1,472 2,611 1,841 3,891 2,341 3,891 1,351 1,4 1,IST 2,42
Pavs Bas 155 2,51 1,752 0,772 1,05% 383 1,301 O,50% 1,24 1,36X 1,31
foyause Uni 5.9 1,900 §,5% 5,011 5,341 2,861 9,101 2,19 4,041 2,47 4,54
Total &€ 26,007 12,462 27,717 16,447 29,361 Z1,16% 29,241 13,301 19,6% 11,87 20,912
futriche 0,152 0,141 0,4 0,04% 0,53 0,417 §,431 0,01 0,501 0,21 031X
Finlande 0,29 0,002 0,39 0,161 0,447 0,357 0,382 0,381 0,261 0,621  0.27X
Norveq2 0,352 0,002 0,37% 0,161 9,52% 0,101 0,47¢ 0,03 0,091 0,02 0,222
Sueds 0,62 0,191 1,172 0,857 3,08% 1.67r 0,8% 0,291 0,B1% 0,13k 90,65
Suiss2 0,23% 0,650 2,381 0,29% 0,67% 6,991 1,99 2,47 0,7 6,22 0,851
TOTAL Eur. Cccidentale 27,847 13,46% 32,#4% 17,741 34,60% 24,720 33,34% 17,072 21,990 12,482 23,452
Canada 1,202 0,93 1,361 1,407 3,212 1,482 1,57 0,751 0,85 0,911  1,3%
Etats-Unis 34,4271 49,167 53,707 70,050 38,391 $0,37% 41,351 14,001 34,87 5,512 43,

TOTAL Assrique du Mord  43,63% 50,097 55.07% 71,45 41,607 51,85 42,871 14,76% 35,751 36,412 43,562
Jaocn 20,457 31,541 9,041 7,79% 14,46% 19,10% 15,970 4,79% 25,032 30.43% 22,2
TOTAL Fays Industrialisés 93,717 95,081 97,150 96,98% 90,65% 95,672 92,162 78,621 86,758 79,322 90,24
Cora2 du Sud 0,947 0,54% 0,37 0,24% 2,04% 0,10% 1,147 S,57% 2,481 4,54 1,542
Hong kang 0,720 1,270 0,14% 0,53 0,77% 0,02% 1,211 I, 28% 1,041 0,712 6,971
Singapour T O1,4TL 0,781 0,271 0,05% 0,171 0,090 0,241 2,012 2,47 4,001 1,3%
Taiwan 1,022 0,93% 0,101 0,35 1,17 0,25 1,3% 3,82 3,500 2,242 1,3
TOTAL Mains Géants 4151 3,51% 0,87% 1,16% 405X 0,461 3,957 14,68% 9,51% 11,501  S.361
Indonesie 0,05 0,13% 0,79% 0,092 0,23% 0,00% 0,191 0,261 0,211 0,441 0,172
Malaisie 0,07% 0,015 0,06% 0,134 0,201 0,042 0,192 0,55% 0,317 3,687 0,55
Philiopines 0,012 0,067 0,087 0,05 0,15 0,05t 0,09 0,161 0,141 2,631  0,34%
Thailance 0,081 0,06% 0,081 0,070 0,03% 0,084 0,022 0,36% 0,088 3,0% 0,492
0T, ASEAN ihors Sing.) 0,217 0,267 0,23 0,7% 0,601 0,187 0,%% 1,311 0,212 7,7 125
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Bres:) 1,463 03T 0,30% 0,33% 1,76% 0,63, 0,52 2,67 1,712 1,000 1,26%
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lsrael 007 0,03, 0,445 0,605 0,420 2,757 0,83% 0,05 0420 0,020 0,0
TOTAL Autres 1,920 1,150 1,75 1,53 4,600 2,704 3,39 5,.28. I.04h 1420 24031

16TAL 300, 07300, G5E300, K100 0% 100, 007 180, LT 100 5100 R 100 410000 A% 100,605
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Annex 5

Table A.3 - 1986 production as I by countries and zones
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Annex 6

Table A.4 - 1986 markets (USS millions)

MARCHES 1986 (Millicos $)

Icfo. Bureau.Contr. Bilit. Télé Medic. Inoust. EGP  Comp.

Instr. Commi. coma. Pass.

Allenagne Fédérale 7 827 301 102 /32 I W uWw el
Berelux 125 @2 I 109 SIS 8 R N
Danesark S0 6 26 100 119 % 12 1 M9
Espagre W 112 B M B s N TR 0
France %2 M0 147 /2 WS w4 HI 1617 181
Irelande 2 N W0 N 19 3 19 n
Italie 486 363 1455 885 18 1 12 119 1010
Pays Bas |, A9 A8 2 2@ S12 15 52 60 &5
Royause Uni 669 SW /I3 M2 A0 N5 S 06 W
Total CEE 50 B 10333 6028 11666 1465 1095 9508 10745
futriche 21 &5 20 0 2u8 “ 4 20 3
Finlande S13 47 1718 106 188 3 2 1. 15
Norvege 790 % 23 170 0% ] 23 2 1510
Suboe 910 97 S22 M8 07 I kxS B7/
Suisse 14 202 S1I7 1 29 N % Bt W
TOTAL Eur. Occidentale WA N5 1018 8739 13205 1777 1234 10808 13900
Canada S8 474 1073 617 985 S 117 1211 8
Etats-Unis 0 17920 I960 18650 49T 10 1930 225

TOTAL Asériaue du Nord 40034 18993 40077 19635 4738 2277 2AB11 Zés

9035
9509
Jaoon 14861 1108 3791 2348 4624 1267 6% 8615 99
TOTAL Pays Inoustrialisés 68082 13822 34802 S5IS64 J7464 7782 3935 /934 499
Cores du Sud 870 " 0 1B 85 48 8 72 116
Hong Kong vy | 45 S0 o 0 7 A W N
Singapour 74 71 2 n &8 2 2 8 o
Tainan 8 o 1N 2 01 % 2 % 1S
TOTAL Mains Géants 1970 23 7% X5 1S4 1 129 U926
Indonésie 20 2] 7 120 1% 10 2 W 1=
Malaisie 165 16 117 8 2 i1 1 0 27
Philippines 3 9 N 3 9 -] 4 » B
Thai lande 19 17 75 » 81 17 L -] ]
TOTAL ASENI (hors Sing.) 490 7 22 N[0 4 4 o4 St
Africus du Sud 02 114 2 M 48 1 5
fustralie s 1 W N B 87 4 9B W
fressl i 128 1% B 1 ] S I 8
Inde ot 9 M98 19 2 = # T3 s
Israél 750 d 1B 20 15 1D 15 3 M
TOTAL Autres A TS 10l 1015 25 U6 185 lsed 1844

167 Mive 1438 Ta679 SUm4 41945 3lis I35 43404 ST

Act.
2103

102
al
150
iy

150
1215

159
182
28
ral}
8251

15%4%
16080

10020
A H

9

28

-~
-

3 Beusx

1

TOTAL
24110
1616
17ist
16¥0
nm
AR
1888

1625
N3

106630

186119

194984

55091

356705

rATrS

"2

907

3357

1686
o
S48
2657
1455
1432
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Annex 7

Table A.5 - 1986 markets as ¥ of TOTAL

MARCHES 1985 ()

All. Fédérale
Benelux
Banesark
Espagne
France
Irelande
Italie

Pays Bas
Royause Uni
Total (&2

futriche

Finlande

Norvige

Suide

Suisse

TOIA Eur. Occidentale

Canada
Etats-Unis
TOTAL Asérioue du Nord

Japon

Corée dy Sug

Hang Kong
Singapour

Taivan

TOTAL Mains Géants

Indonésie

Malaisie

Philippines

Thailande

TOTAL RSEAN ihors Sing.)

Mrique du Sud
fustralie
Orési!

Ing

Isradl

TOTAL futres

T0TAL

Into. Burea.Contr. Milit.

1,92,
1,311
0,382
1,1
S, 702
0,671

T 4,34

2,3
61

S, 11
¢, 57
0,462
oM
3,08
0,202
2,51%
1,502
4,072

Instr. Comsu.

922 1,98
1,01 0. 212
GHL 0,191
0,771 0,472
1 8 W1
0,38 0,12
3,9 1,67
1,000 0,791
6,43 5,102

Tele Madic.
cosa.

6,991 4,801
1,2 0,5;
0.2 0,312
1,3 0,642
6 3,18
0,31 0,29%
4,07 3,268
1,22 2,100
S, M 2,41

Indust. EGP Cowp.

7,061
0,75
0,21
0,682
o7
0,447
2,041
1,462
1,9

31,371 18,80 28,022 15,12 27,81% 17,622 25,502

0,631 0,451 0,7Z 0,0 0,57 0,53 0,551
0,561 0,321 0,482 0,201 0,47 0,3 0,512
0,861 0,462 0,60 0,3 0,7 0,291 0,561
0,971 0,671 1,%1 0,782 1,211 1,457 0,771
LUT 1,39 1,00 0,35 0,691 1,097 0,841
35,462 22,122 32,59 16,863 31,481 21,371 28.74% 24,872 5,920 21,501

5,73
0,67
0,412
1,69
3,7
0,163
2,
1,47

3,312

0,31
0,431
0,372
0,77x
0,882

Pass.
5,981
9,6
0,471
0,781
3,40
0,562
1,901
1,188
S,of1

0,557
(% 7,1
2,841
1,082
0,93

Coso.
Act.

S,
0,52
(%7,
0,581
L &1} 4
0,500
2.3
1,02
4,062

21,671 0,192 18,782

0,202
0,411
0,4

BTV
0.571

2,7 3,2 2,91 1,162 2,3 2,551 2,72 2,M 1.7 1,911
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as % by countries and zones

MARDHES 1966 (D) 11

Alleaagne Fédérale
Denelux

Danesark

Espagne

France

Irelande

Italie

Pays Bas

Royause Uni

Total CEE

futriche

Finlande

Norvege

Suide

Suisse

TOTAL Eur. Occidentale

Canada
ktats-Unis
TOTAL Amérique du Nord

Japon
TOTAL Pays Industrialises

Corée du Sud

Hong Kang
Singapaur

Taivan

TOTAL Nains Géants

Inoonésie

Malaisie

Philiopines

Thailange

TOVAL ASEAN (hors Sing.)

Afrique du Suo
Australie
Brecil

Inde

israel

TOTAL Autres

T0TRL

Infa.

30,912
.02
34,032
B.M
30,22
37402
n,1N
36,131
9,42
31.m

31,462
31,5711
2,99
23,181
0,637
3,311

28,402
2,161
20,52

26,981
28,752

13,851
13.3%
r-N5d

6,382
14,192

8.8
13,42
9,947
%2
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n,mM
28,147
2,751

8.51%
2,2
Y4

i P12

burea.Contr. Bilit. Télé Nédic. Indust. E&P Comp.

Instr. Comsu. coma.
3,433 14,117 4,247 12,182
2,52 11,501 3,35% 15,832
4,082 13,377 6,190 7,381
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2,481 6,047 14,102 15,572
1,72 8,2 3,79 1,6
3,082 12,161 7,391 14,271
3,63 11,031 7,000 8,53
2,732 10,972 12,491 11,232
2,962 11,201 8,702 12,682

3,01 13,961 2,65 13,142
2,691 10,9 6,522 11,57%
1,95 640 4,95 8,%1
2,472 12,79 10,552 12,922
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Table A.7 - Trading balances (US$ millions)

Balance Comserciale (Millions de §)
Info. Bureau.Contr. Milit. Télé Médic. indust. EGP Cosp. Coso. TOTAL

Instr. Commu. coma. Pass. fct.

* Allesagoe Fédérale 10 -2 91 11 66 W N -1 M T ™
Benelux -S43 %0 -1 -10 &8 -1 -5 W -2 752
Danesark 4 43 13 &4 2% 2 -2 8 -6 -2 450
Espagne 1 -9 209 -4 15 -z -8 32 -1 13 -5
France 23 S35 M 1032 3 2 O -8 NS -iS -871
Irelande 07 -3 B -13 8 -7 -1 N 15 = 1058
Italie <471 -I51 43 1 -5 -8 2 4% -N5 -0 -2
Pays Bas %18 12 3 0 % 14 -7 40 4 X 755
Royause Uni 508 -316 A4 28 -121 % 7 -130 -4 -S8  -%347
Total CEE 4581 -6 640 1519 1029 4 I3V -3M02 SIS -ZE2 -B103
futriche 451 45 9 - -9 7 -+ r D U -841
Finlande 22 41 -5 15 1 6 4 -2 -0 -l 548
Norvige 43 66 -T7T -7 B0 -15 4 -IS1 143 -182 249
Sudde -l %9 - M 4 B 2 -X8 -1 -32 =340
Suisse 831 -108 47 ° 0 -1 & &7 -119 -1 -8
TOTAL Eur. Occidentale  -6866 -1 629 1426 1755 477 173 -3364 <2533 -5 -12189
Canada “I35 -39 53 201 02 -110 -8 62 490 - UG
Etats-Unis SI00 -1935 550 1480 -050 99 -I5 13194 4061 46 -1052

TOTAL Aserique du Nord IES -274 W17 1681 -1648  -11 4B 14076 451 B0 -ISSSS

Jaoon 75 M7 2 04 167 44 A0 137 S18%6 TN IMT
TOTAL Pays Industrialisés 1628 -98 3675 5311 174 90 45 -3 -1718 -1075 6109

Corée du Sud 30 -1 -5 2 s - I 1708 178 1049 990
Hong Kong I 138 6 THA 104 ] » W7 157 -4 155
Singaoour 648 4 -1 -4 S -12 11 3 e 1410 255
Taiwan ™ % -9 1M 105 -B 15 108 &2 80 %39
TOTAL Mains Géants 00 2 45 W W N 7 o210 1% A 910
Indonésie -0 4 T -0 -8 -0 -4 -8 -1 15 -
Malaisie 9% -4 -7 - -1 -7 3 M 9 uw 976
Philippines -4 -1 17 2 -5 0 0 9 -1 1074 1021
Thailande -15 4 K% - -0 -0 -1 T - W &
TOTAL ASEAN (hors Sing.) -275 -3 -~199 95 312 -27 -2 -1 -3 3% m
. Afrioue du Sud 443 45 1= 51 -3 - 19 6 B4 -1140
fstralie -884 -117 -152 12 18 -8 N -7 2B -3 2375
Bresil 190 -3 -1 -4 2 - RN 2 =N §7
Inge -41 -8 9 2 =M 0 9 18 -1 -4 -1
Israél 20 -7 -2 4 ] 8 X -7 12 -e -243
TOTAL matres -1558  -193 -l -1 -TT 0 <Mt b -T6 <281 T -3
151AL 1808 -42 2778 S4T 129% O -74 48 -1(87 Th 14551
feste au "onge -184 12 - 5437 -1 -5 13 -1 1087 -T5%  ~14551
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Table A.8 - Mar™et for electronics goods (US$m)
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Eiens Ge CONSONBITION (¥ So7 oS¢ X ne: B
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Fens ¢ eovioeaent 243 “2 M XM 148 143
Cousosar.ss 11,4 y. $1T 18 S0 IS
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TR
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Totz] M4 21430 3307 IZ32 IS 3133
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Allessgne Fedevale 2066 1L 1,202 LM 3,02 2,810
France 1,001 1,0280 1,671 1,3 3,0eel 2. 87L

Tota! 2,58 2,685 L0t 2,705 3,221 )Wl
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ANNEX B

THE ORGANISATION OF TRADING

Tables

B1-B3 Total trading in electronics

BA-B6 Precision, watchmaking, optics

B7 Mass consumer electromics (MCE)

B8-B9 Telecommunications, informatics

B10 Active components

Source : Calculations by GERDIC using data from the CHELEM data bank of

CEPI1I, kindly supplied by Michel FOUQUIN

The tables are to be read along the lines for the exporting countries
or zones and down the columns for the importing countries or zones.

"Total Asia™ does not include Japan.

Passive components, wmechatronics and software are not included in
these statistics.
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Table B.9 - Informatics
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ANNEX C

PRODUCTION OF SOME ARTICLES BY VOLUMT

Tables

C.1 Television receivers

C.2 Radio receivers

C.3 Sound reproducing equipment

C.4 Semiconductors/transistors

Source : GERDIC, after data in UNO "Yearbook of industrial statistics”,
1987
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Table C.1 - TV receivers (thousands)

fecepteurs TV (o)X
572 1973 1911 1978 1976 1577 1978 1579 ISRR 1S@1 198 198 19

Etats Unis 19217 10801 9150 TS24 THS 783 9309 9534 1630 10883 10218 1106 13357
- A, NI LR OIS, 14,11 135 1S3 W I M 101 148 15,22
fabrique Latine 211 57T TH O ONAT RS N A2 MM M L1207 U3 3
Q: 68 SN &Ht &R 611 68 HTI 6T 2R 601 S 4,02 3
Argentine 99 ZJ3 WM OO A A7 B2 S SIS M8 I W
Fresil 1@ 145 1991 1607 1916 N78 AR TNT ITA Db TR 1857 174
Ohili 1TOI15 23 18 103 13 M @ 17 ¥ 3B B 0n
Mexigue $a S8 YOSy TN &8¢ 77 T9%% 978 B 4T W
{olosbie a7 8 0 102 13 1w 1 1N 1w & &
Japon 1WE ITW7 HOFE 10624 IS193 1434 13116 13577 15305 ST 1279 I13Z0S ISSiZ
AN 0% 3,80 2.6 2,8 2.0 24,7k LR 2108 210% 19,13 17,60 7.5 T
fcie Whors Sapon G55 1654 544 313 431 STST WS I0eS2 i3W9 177% 16755 IN4S 25521
s 707 3.Z &% 64T 7,61 9T 12,81 16,8 1508 BN 2% AN 2,9
Chire I W B/ ST 13T M OSSH S BW 1008
Coree du Sud a8 Bi6 iled 1235 2N 990 4826 5367 6315 TSIE  HlI3  TeM VTN
S.:NQ300ur 314 15 T 48 S T2 13% 1869 2174 1St 131 i
Afrioue W5 O0WE OMZ ST 85 62 N 6 118 ITD 1562 1757 17%
tht s 2 9T 66 LT L% LI LG 1,02 Lot 7R i 23 2,02
ilgerie H O B 8 S ST 0 7 @ S 178 1N IS5
Egvpte s St 71 8 8 151 1M A8 W6 M 3 819
Tunisie -S| S SN - SN vANN " AN A SN - S ~ SN (' (N § & S ¥ ]
nfrigu2 o Sug R O M 173 I B O IN¥ 4S5 W I
gurope Occicentale 13519 14176 14698 12463 13357 14554 14918 14395 15422 15417 16129 17197 1o
() 2 24,5, 2.2 28,41 5,61 3.1 5,01 NN 24 N8 0,5 2,2 LT 19,0
dont CEE 1238 12008 12159 10009 10808 11569 12035 11333 11781 11487 11400 12361 11607
(s 2.% 2307 3,5 20,62 19,15 19,92 19,71 17,5 16,22 15,0% I5.7% 15,72 13,22
Europe de | Est 8184 8726 9299 9921 10060 9943 10127 10297 (0444 1005 10650 11106 11497
() : 17,02 16,7% 17,9% 20,41 17,8% 17,11 16,61 15,92 14,57 14,41 14,92 14,30 13,11
URSS SSB) 6271 6569 6960 063 7073 7165 T2V 7528 6190 €345 6578 8999

TOTALeerrreereocnsoresss 48216 S2194 SI1825 48695 56526 50081 60942 bA776 72134 76502 72764 77800 87670
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Table C.2 - Radio receivers (thousands)

e
Radio-receotzurs 'aw)

1 152 1573 1974 1975 1976 1977 1572 197 19B0 IS8t 1T 16563 194
Etats Unis 15672 15685 1009 30400 12897 11252 1118 1741 7e72 DA 6577 S817
) 12 12,11 9,41 & 868 7,2 81X 8,2 &L AR sl S0 o
faeriue Latine 547 512 937 WY W24 B8 NI AR 8955 TS 19731 11SI0 134
%1 2 e 402 4,00 288 21 541 68L 8% 4T AR ILT. % %
Eresii 11 129 N W TR 8T 767 %% 769 51
e 10us @8 W W US98 e 129 WY B 63 813 357
wloanie g 7 1 S 16 10 13 7 3 2 2 ) 0
S:con 20277 44ch 1607 14283 16770 173R 16373 13510 15343 15190 14316 13336 13555
e s 2L 1% 18 12, 1L, LS MLVTR YT 8,42 BT 10 6,7k 8,62
n:1E £575 JI3ON, 457 SA118 Sas7T7 SRTIB 71541 B3¢ 73271 BOKM 173X5B 116172 Bi%e§ 9399 TH1IS
(YA B8 4,7 4,50 85,71 49,10 55,47 2.6 S6,0% o7.7% 675k SB.SR 61,51 bi1,1%
Crine §356 $925 10499 11e77 137 3036 40572 1723 19990 2INT
LITEE Co 2T 1838 377 WYz BHl o717 o8 A% 4TI W S 85 eI TS
nong £chg IR 3695 I93S1 TRCZZ G091 SIDZ2 40WZ 39 57478 SITSE 412G 4798 5132
31532000 TS BiW 86 TR WY % 1177 10745 17070 16078 13351 15185 168246
nir; s 193 N 1306 1T 1TSS 1764 1228 1994 2096 211 1865 2096 2397
LI 6% o8 L1 LN LA L™ LA L L2 L LR 1L 1L
*Sn %7 857 8 8ot WSS 8BS lst
tgrots I24 18 17 22 117 %5 W8 = i 1822 3 I8
Naroc %) 43 157 169 1} 2 4 &7 pAI 12 7 A
turone Occigentale 15521 16413 ISASI 12410 14357 14395 12640 12288 10576 G254 917 9815 6855
(PR 12,65 12,72 13,38 10,32 9,92 10,0% 9,7 8,62 6,07 S.3n 6.8%  6,8%  S.6%
dont (et i 15552 14781 18046 108p4 13036 13407 11223 10876 9787 8164 BNZ 8683 I8TS
PR 4. 1,4 S 22 8M 8 B 7L SA41 4T SN ST S0
Europe oe 1 'Est 11976 11857 12306 12476 13049 13440 4927 6728 13523 136W 13069 13397 11828
(i ¢ S0t .2 10,13 10,3% 9.0 8, 35X 64X 7.4 .81 9.3 8,62 8.8
TOTAL vvvevecrcveerreees . 123770 128678 122088 138274 145697 150240 13805 143461 182403 174942 140041 152761 157335

v
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Table C.3 - Sound reproduction (thousands)

Repros. ou son (K))
97 1973 197 1975 197 1917 15 19N 1990 1961 %82 1983 1964

Etats s =7e 7 M3 UN 1E BW A7 1991 145 1184 94 7 T
¥4 B 12,8 120 12,60 9,1 611 1L 16& 0% 8,2 65 602 2,51 541

smericue Latine 128 1317 ISM 949 934 W% 1063 1156 1096 98 4675 B XN
o o&f 612 7T 5% 4K A4S 5% 6% b3 43I L1 3,91 3.2

MoriviE % 632 @z I WB TS M W /M O W B B
Lolaes:s 3 3 4 7 17 13 21 0 Z 2 1

thiis 43 9% &9 39 3 » b

Jsoon Gww 8836 THR 71§06 9724 10586 M 10672 07 SI11 11506 10Bsl
tub T 6,50 4 6 T KBS BIR .77 53,08 61,61 ob0% of, ST 6,1 63.5
FS1E NS Sapone 4 273 W6 S8 1302 Mes 138 103 753 &%2 666 127 163D
s 1R U0 ~ S 0.~ AY R N n eT S8 &R LR LB TG E RS

{gres 2u > 0 &3 e 45 105 e S 87 3¢ 532 S LI § &
wiriaue 1€ 14 18 7 & 5. .- o g kil - 12 s 32
A 0.0% 007 0,5 00k 0 00 .07 Ola 0,22 01T &I &L 0,22

hlgerie 12 9 | M 3 3 [} 3 3 ki | 24 12

I THIT 4 3 : 3 ) 0 i} 9 ) 0
tursce xaicentale 755  Tebd 7050 6331 8517 ST %% WU 949 77 84 B4 I8!
YR Shor 35,5 .7 W4 L2 6.0 21 21,67 17,08 16,32 0.6k 16,00 17,10
dont St oA o876 ISY 5294 472 M3 MiB [T W W7 W8 7T 2B
s .2 U5 L8 30t ek JLIR 12,80 19,62 15,07 15.4% 15,2k 1362 16.%
Burocs o2 1 Eat S 9 S SH 451 I3 W W o N2 1 12 158
2 ¢ 2 L& 2T} L% LR L& LS 20 2,11 LT LI LOX 0%

TOTEL vvvvvesnorcnsaesnees 20776 21581 19334 16077 20869 2B N2TS 1778 1IR3 18283 14972 16979 17273
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Table C.4 - Trausistors/semiconductors (wmillions)

Transictor a SC willions?

ctats Unis

e

racr e watine

turso2 0z | st

i
".. .

W ... ceveevescriosee

LT
0,63
|

1% Wi

242

¢, 9%

L35 4
3332

1973
2801
AN

(3]

0,0

6300
AR
1557
15,13

R
LA

1019
8.6%

-2
5,3%

1l
0,81

1168¢

1974
201

2.9

1233
HIR
330
B.:%
1235

5.07%

12243

1975
201
38,4

8t
.12

4574

62,11

1352
18,5%
1773

Ui
1079
13,72
8%
12,31

183
2.5%

92

1976
2801
au

10
0,82
100

.2

18%0
15.8%
180

1K1/ 4

1334
11,1%

1%
9.7%

226

1,5%

11978

157
2801
N,bl

159
.1k
15

9892
2.8

i8ot
B
im

e, v

1386
16,22

1154
8,5z

2567
2,0

1978
21
19.8

8
1.5

457

AN 74

1858
13,07
1779

1339
9.4%

1106
.n

310
.2

. 18307

191
201
lb. n

264
1.62

12281
R 010

2103
12, R
N2§

(R
1566

9.4%
1314

7.9

Al
2,11

16580

1990
2001
3.8

S
0.9
185

1a328
a0, 42

1983
9.8%
194

0,02
1437

I}
s

5.5

ui
L7

20299

1981
10,321
2
.
312

b1
83,62

235
3,51

0,03

1514

155
8.3

2025
1.7
1949

1963
801
8.5

3ot
112

o
RS 7

un

2Bo2
a‘ 62
zb81

0,0%
1580

4.8%
1257

282

7
9,9

00

1904
201
5,72

3%
0.8

F scile

.75

3769
L7
N

G902
1564

3.0%
1619

h i

T8y
w1

. 7%

4893
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Annex 28

ANNEX D

ARALYSIS INTO PRINCIPAL COMPONENTS OF ELECTRONICS (*)

Annex 29
CORRELATIOR MATRIX

INFO BURE INST coMM TELE MEDI INDU EGF COMF

1.00

0.07 3.0l

0,01 .08 1.00
-0.02 -0.01 .24 1.00

.0z -0.30 .14 0.24 1.00
-0.17 V.03 a.37 0.860 0.6 1.00
-0.0% =-0.11 0.32 0.37 Q.60 0.34 1.900

-, 38 0.15 -2.17 -0.50 -0.17 -0. 36 =-0.95 1.00
- 03 0.21 -o-.12 -0.17 -0.19 .15 -0.08 Q.32 1.00
.41 —0.13  =9.50 —0.36 -0.53 -D.32 -0.53 C.OZ =0, 25

ANALYSIS INTO PRINCIPAL COMPONENTS

VARIABLE MOYENNE ECART-TYFE
(NFO 1 20.13 12.35
BI'NE 2 1.85 1.61
INSY 2 ?.24 7.41
coMm 4 8.57 &.91
TELE % 15.324 ) DL
“eEDl & 2.957 .04
o 7 1.27 o8
EGF s 13.19 105,45
CoiF 5 12.95 S.ov

12.64 19.5%

-
-

CioMn LG

(*) The softwvare used is LOGMAD by M. Philippe MICHEL, IUT of RENNES I.

coma

1.0
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Annex 30

Ve EuR FROFRE ~ INERTIE % CuMuLE

4 1 S.lEs 0.2 30,29
2 1.528¢8 16.25 36.57
RS 1.42e5 14.27 60.54
1 . >a351 13.65 74.49
= 0.E%G7 .00 83.49
© G 7005 7.01 Q0.5
7 0.3731 3I.73 4.2
€ 0.3599 2.5 97.73
4 v ZZe4 Z.2Ze 100, 00
10 (XU <. 00 100, O

GFRIME des VALEURS FROFRES

b= of
—
wn
-
Cr

Argtaretdtrsidasanteste’sasnnanitad’
A EZ 2T ZIEE RS XL 2 X |
RartRRrrRCc gosw

RARREARR "R

FaERRRtwen

e ARRRS

% we

AW

P

VECTEUFE FROPRES (Erv COLTIAES)

Y] X e vede 0. 281€ =0, T8 . 328e  =C.uveTS TeleDo = 27T -4l

= 4504 v.27% -G ORLYy -0, T829 0.e727 -0, T0I7 el edele

T -i.0523
7. 3307~ 1218 C.E01T 0,089 =0.e277 ~U.%eeT ~0.00%52  ©.143¢ . 206
2 ~D.2474
“7 ST G189 0.0736e LI U838 G.33TS 0.%elE  w.284% ©.110
-0, 2270
~0.328% DL ITd =0.S1T0 2w 1503 5.10%4 G 1991 ~u.T6S0 . 46s% -, 86
2 =I5
2062 = 1S U IIET . 4IIU L2833 0. 1947 =G, 1TO7 =il 1930 =i, 0%4
- 1387 :
. 4184 =0.08%4 =0 TTTE G.0836 =0.040e 0.21%8  ~0.070% 0,717 0.296
T =27
7 ©-27I2 -0.de%e -v.4led L1167 -G.iZ0v  G.02%4  6.5286 -0.enS5 -0, F0S

- vg~-
Ve o8 -

v 2728 ~0.%680 C.webl  w.0201 06,5788 -9.324% =0,2107  G.3015  ©.%%e
8 ~-w.1772

v.4.83 9. 27%e C.¥38 v, T43) =-0,028e O, 0387 =~y 2420 ~0.3727 0,357

-. 0906
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REPRESENTATION OF THE INDIVIDUALS

Coorgonnes ¢ 12 variidle = Ligwe
Casinus cirve 32 1'hae = Jigne 2
Cortridution a | wertie g 1 aan = ligse 3

SRLRE WE: 1 ME: I ME: 3 KE: & NE: S AE: b ME: 7T ME: @ RE: ¢ ak: 10

Fa .57 .87 .8 .20 .73 €85 0.48 .34 627 4.8
6.3l O.1e .07 .17 (&1 (X ) O.1e o [ X 6.0
6.3% .93 (X ] 5.1 2. .93 .1 1.0 1.6 6.43
SOE 2.0 .19 6.8 -1.07 0.8 -3.82 -£.19 (X 7 .3 vl

.00 0.0 .5 6.2 .0 (‘81 (X} .00 6.0 v
0.0t [ X 1.% .M 6.8 1.8 0.3 1.5 o.% 1.3

| 2. 3 -2, -1.02 1.8 1.4 4.8 21 .5 (11 .43 .
.24 - .07 o.N 0.l .04 “e () v.6o 0.01 V.)
.5 2.3 613 8.8 2.6 2.8 1.1t <% 1 0.7

EFA .17 0.% .51 -1.¢7 (X 4 -0.01 .38 .08 .9 0.9
.0l .17 (X3 0.% 0.04 0.0 6.00 (R\ ] (A Y 0.67
.3 2.8 0.0 .7 0.% 6.9 2 6.v7 1.4 3.8
o -1.03 .18 0.8 0.33 6.00 0.3 0.% .93 0.0 0w
[ ] .26 . 0.9 .07 6.0l €34 G.lo o.n (X

1.2 r 0.7 0.16 1.32 W e 6.16 t.% 3.2

1L 6.% 0.5 1.3 -3.93 [ B, -£.% 0.01 0.5 .14 0.0
0.0z 0.5 0.0 0.83 0.04 0.97 (X" 0.00 6.7 0.03
0.3 1.3 4.8 padl " .30 L3 9.0 6.57 . <ol

na -1.01 ©.75 0.4 1.3 =0.36 0.37 6.11 -0.48 0.4 0.00
6.2 %15 6.0 0.% 0.9% 0.04 6.0 0.9 0.{0 (X
f.1 [ H 0.3z .0 0.47 0.63 ¢.1 2.17 0.02 6.0
ke 0.4 -1.38 2.5 ~.38 -1 .3 -3.3 <. -v.58 0.6
(A o 6.9 (2] 0.11 0.12 ©.32 0.0 €.02 0.4
.19 p & 15.7: .35 3.09 [ X7 u.y 0.2 $.04 4.47
L] -1.4 0.5 0.6 .4 0.21 .02 0.4 0.4 1.03 0.0

0.4 0.9 .53 0.47 .01 0.00 6.67 0.07 0.2 0.0
2.11 0.%1 0.4 .72 .16 0.a 2.% 2.8 15.53 1.8 .

KR 0.19 -1.49 -0.13 0.3 *»n -0.93 0.8 G.16 0.1% 0.0)
0.0 0.48 0.16 .02 .02 0.1¢ 0.i0 0.0 0.01 0.00
0.04 4,52 1.70 .20 .32 (1} 417 (%3} 6.51 1.7

Fi 0.0 018 ~0.31 .3 0.5 -1.08 o.n .18 £.13 0.5%
.27 0.01 .10 0.2 0.0 0.45 0.4 0.08 0.03 0.i%
o.n 0.07 0.63 0.3 0.3 > 2.1 0.13 0.2¢ 0.31
wEs =2.08 1.1 .42 L -0.9¢ -0.31 0.7 .4 0.9 0.00

(8.} 627 0.04 o 0.03 6.02 6.00 0.03 0.01 6.60
4.60 .04 0.69 % 1.2% 1.3% 0.04 .0 1§94} 13.52

SEL -1.4% 0.6 0.8 -0.16 0% 0.3 -0.92 1.4 .4 6.9
0.2 6.6 0.0b 0.09 0.02 0.91 0.12 .39 0.3 6.
3.0 1.2 0.98 0.00 0.4 6.4 7.483 1.73 1.% L

SuIs “0.05 -1.74 -0.82 0.% L% -9.8% 6. 43 “6.73 9,51 4.0
0.03 .22 0.0 6.07 0.49 0.0, 0.02 (A ] 0.0 0.9
0.4 .58 §.58 2.2 4.2l 3.7 1. 9.2 1.9 1%




£ 34

RO

vk

FHlL

21

4.3

.U
0.5
1.%

L3
ae

0.4¢9
5.02

3.
0.42
9.66

AL
(B4
8.27
-2.19
3.9
-1.98
0.3
.8

.3
0.40

G.1e

2.9
X M
10.%

[N M
.18
1.4

e
as

.1
G.11

~1.e%
(X ]
3.6¢

=2.81
0.0%
0.77

(R0
0.91
e«

2.0
.5

0.08
0.11
1.6

-1.08
0.13
2.8

“£.5
0.94
6.2

0.03
0.%
L8z

“£.%
0.01
6.2¢

.31
0.03
0.23

000
0.¢)
0.0

.31
0.00
623

.33
0.12
-3.52
2.9
-1.10
(3]
i@
0.6
0.00
0.01
-1.93
%93
En
.39

0.7
3.6
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.3 0.3
G2 A
‘o0 @42
.01 2.5
[ X) (X7
[ X .14
.2 2.2
0.01 ¢.01
.21 0.18
0.3% 0.5
[ X 6.0
6.3 1.10
L X 0.5
0.00 6.0
6.92 0.9
.48 1.2
02 0.15
0.33 5.9
0.08 1.81
©.00 (%
0.42 12.1%
6.4 0.13
0.13 .01
1.01 6.08
1.6 -0.0¢
6.15 0.06
R .01
.77 -0.3%
.15 0.01
7.47 0.49
1.97 0.2
6.10 0.05
1.3 2.%
0.04 .3
0.0 6.01
0.9 6.4
0.%7 .53
0.05 6.01
0.6) 0.4
-0.88 0.74
0.18 0.13
.07 2.0%
0.46 -0.97
0.3 0.11
L KA .78
M 2.08
o 6.2
=2 .75

9.8
.
- e

o b

~y
caw

.18
pye ]

K2
6.16
X

.3
0.01
0.8

1.08
.28
%

.83
0.8
1.87

(3

1.42

0.4
0.02
0.7

0.11
0.
0.05

~5.32
0.4
1.8

”
o 28

V.
¢.43

.19
9.0
(X

%488
0.
4.3

.1
9.6
6.2

€.43
.03
1.0

0.%7
0.3
6..%

0.3
6.01
1.21

-0.18
0.00
0.10

-0.43
0.9
1.61

0.2
0.9
0.62

-0.84
0.03
(%)

6.0
¢.03
“n

-1.%
0.7
12.63

0.10
.08

0.14
[R5
0.17

(8 4
0.12
7.9

0.5
(A9}
-~ 9
o

[ X -]
.13
e. 13
.02
(X

N

-0.01
0.%
(X7 ]

6.22
0.1
.43

-C.18
0.
.22

0.0
.0
0.i0

(3]
.
V.12

92.21
0.97

0.93

.2
V.0
6.t3

]
(A
0.74

-“%.%
.o
0.38

.0
8.29

1.01
0.13
1.4

0.43
C.A
5.4

[}
.o
0.9

-1.08
XM
[UX

i &
o

el

(%]
[ X"
§.2d

0.8
[ X"
1.18

.39
(A}

i3

-0.%
0.1
1.5

0.47
0.92

L3R

0.4
V.
[ B}

.07
(R}
870

6.2
[ Bog
.97

¢.17
6.90
0.41

~0.29
6.02
6.91

0.01
6.0
0.0

G.10
G.16

0.5z
G.ve
Lie

.3
A)]
PR

“v. &3
0.0}
.U

2.0
X
%

- %
("% 1]
(% H

~4.&
(A
(X

3%
(X))
6.2

.60
(0]
5. 18
0
[X0)]
16,68

0.5
C.0)
14.55

(X))
.57

“0.00
6.0

1.7%

=0.00
6.

2.

0.0
0.i%
4o

0.0
0oy

- -
aelr”

0.0>
9.4
U1

9.
Vo ify
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Annex 33

REPRESENTATION OF THE VARIABLES

Coordonnee de 1a variddle = ligne 1
Cosime carre avee | are = ligne 2
Contridution 8 Vinertie de 2 'are = lagne 3

“l&tﬂt:lm:!“::m:&m:sm:clﬂ:7ﬂt=lﬂ£:1 ME: 10

o 0.0 0.06 0.3 -.W .12 -0.05 0.10 .17 -2.07 -a.0:
o2 0.01 G.10 0.0 .02 0.0 0.0 6.€3 6. 6.
0.5 0.42 (K] Ne 1.68 0.40 N 1. 2.03 17.8

1.3 (X -0.58 0.45 .07 -2.3% [ &-\] 0.1 0.03 <0.02 L X
0.01 0.3 0.20 0.01 013 0.8 (X9 0. 0% ['X Y
6.3 .47 13.10 0.4 14,58 RIR S.10 6.20 e.12 6.3

ety -.% 17 0.12 .03 -0.60 -0.47 -0.05 0.0 0.11 .00
0.35 0.0 0.01 0.00 0.3 .23 0.00 6.9 0. 0.v
1144 20 1.0 6.07 b X I 8 | 6.0 2.8 s.2r 5.5%

o -0.72 .17 [ 324 (&) 0.15 *23 0.34 0.17 6.15 .00
0.2 0.03 0.1 .07 6.02 0.08 0.12 (X .0 6.
17.28 .08 1.49 .48 .35 11.15 3.7 6.12 L I S.15

TBE .62 0.15 ~0.61 -0.18 0.10 0.17 -0.24 0.8 0.0% 0.9
() .02 0.38 0.63 0.01 0.03 0.0 6.08 0.01 0.0
12.69 1.38 .32 2.8 1.11 3.9% 5. 36 % 3.3 11.%
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