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FOREWORD 

The object of this study is to present and to analyse the vorld 
electronics industry and its developaent prospects. According to 
the normal classifications this industry consists of industrial 
electronics. with in particular informatics and telec01munications. 
hardware and software. electronics components and the so-c.1lled 
measurement and regulation industries. Also included are Mass 
Consumer electronics. aedical electronics and all activities which 
directly contribute towards forming the electronics "complex". The 
global nature of the study does not however .. 1te it possible to 
provide a detailed treatment of each of thd very numerous sub-fields 
which are involved. 

The study is to evaluate the iapact of this electronics industry 
on all econoaic activities and. in order to attain its objective. 
which is to illuminate the choice of actions designed to pro11<>te 
,!!!ctronics production in the Third Vorld nations. vill endeavour to 
specify what are, at the present aoment, the absolute and relative 
achievements and strategies of not only the aajor industrialised 
countries and the principal firms in the world, together with t.he 
characteristics and trends of the principal world markets for 
products and services • 
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SUMMARY OF CHAPTER I 

A DESCRIPTION OF WORLD TECHNICO-INDUSTRIAL EVOLUTION 

1. A TECHNICO-INDUSTRIA~ DEfINITION OF ELECTRONICS 

1.1. The technique 

l . 
2. 

3. 

The eleaentary technical object: the tool. 
The technical complex: the coabination of elementary techniques, 
contibuting towards a technical act. 
The technique: a corner in nature: force, aatter, physical or 
informational displacement, ENERGY, !:ATERIALS, COMMUNICATION. 

1.2. 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 dynaais• of technical creation. 
6. Affiliations by preJeterained technical lines: the genealogy of 

techniques. 
7. The •other-technique, particularly prolific, organises an increasingly 

complex-technique with multiple contributory techniques. 
8. The technical trajectory: a minillUID 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 innovations. 
10. The pervasiveness of a technique, a factor for homogPnisation of all 

the technical complexes. 

1.3. 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-bow 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-industri~l system • 
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1.4. The three ages of the technico-industrial svstem 

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

17. A technique of very high pervasiveness constitutes a control point in 
the technico-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 1-1: The 
historical dynamic of the technico-industrial systems). 

1.5. The age of electronics 

20. A new technical &uptu~e with the microprocessor (1971) which gives 
birth to the age of electronics. 

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

2. THE STRUCTURING OF THE AGE OF ELECTRONICS 

22. Electronics forms a technico-industrial complex around a mother
technique. 

23. Two technico-industrial sub-fields: the transmission of information 
and the processing of information which tend, because of the advances 
of the mother-technology, to become merged (Figure 1-2: 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 transatlantic 
radio sustained by navies and armies. 

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

26. The electron, the diode and the triode. 
27. The great potential eytension 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-
.illi. 
30. The genesis of mass consumer electronics: television, cinema, record

players, tape-recorders. 
31. Industrial, military and aerospace electronics. 
32. Valved computers for ballistic computations: ENIAC 

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

2.3.1. The micro-electronic basis 

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

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

2.3.2. The development of the electronic processing of information 

35. The physical construction, 
software, a non-physical 
operation, the two being 
construction industries. 

or hardware, is accompanied by the 
service of design, architecture and 

indissociablP within the electronic 

36. The generations of computers. The fir~t 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). 

37. The third generation, vith the IBM 360 in 1965, installed large data 
processing (informatics) for management purpose~ in large firms and in 
public administrations. 

38. To achieve ttis 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. 

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

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

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

2.3.3. The mutation in telecommunications 

42. 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. 

43. Bidirectional transmission progressed in switching systems, the speeds 
and modes of transmission and the nature of the possible 
communications. 

44. Telephone exchanges became automated, then transistorised (1960) and 
finally became entirely electronic (1970), formir.g true data 
processing machines with their hardware and software problems. 
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45. The range of services offered by the telephone systems extends to data 
communication and advanced or value aJded 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 balacce between users and uses, gave way gradually to 
a deregulatory movement. 

46. The satellites, the point of interaction between electronics and 
aerospace, become geostationary transponders. INTELSAT dominates 
intercontine~tal communications at very reduced costs for telephones, 
data transmission and television. Direct television satellites also 
appear with private global systems of advanced telecommunications. 

47. 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 ecor.omic 
alternative to satellite telecommunications dnd are already !lhoving 
high performance in local informatics networks and for transmis~ions 
in an electrically hostile environment. 

2.4. The inauguration of a new technico-industrial age 
(Figure I-4 The stru·.turing of the age of electrc.'lics) 

48. Around the components tvo sub-fields can be d~stinguished. 
Electronic computing as information proc~ssing has become, under the 
impact of the evolution of the mother-technique, communications
informatics extended to the processing of texts, images and sounds. 

49. Telecommunications are turned upside down by digitisatior which, in 
addition, extends the range of services by de~anding real information 
processing within the old fields, which explains the cross· competition 
between IBM and ATT. 

50. Telecommunications, the switching of major flowlines and informatics 
as the principle of the electronic manipulation of information retain 
their spe-:ific 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 (mecatroniqce), the 
new complex need-product pa1r1ngs which are born from the 
implementation of the new technico-industrial age. 

51. Informatics itself evolves b? the generalised recourse for its 
packaging and its mar..ipulation to the new universal "alphabits" of 
conaaunication 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 Rcope 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 inform3tion. 

• 
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3.1. The deepening of the mother-technique: progr~ss on the building bricks 

s:. The pursuit of integration along the same technical line? 
54. The example of the DRAM memories shov 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). 

55. At the time of the aass 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. 

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

57. 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. 

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

59. 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) 

60. One can however see an evolution in architecture (RISC) and the 
emergence of a new concept of operating systems (TaON). 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. 

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

3.2. Speed and facility in coaanunications: opto-electronics and standardisation 

62. Superconductivity remains a prom1s1ng field without fundamental 
implications which can be forecast between now and the year 2000. 

63. Gallium arsenide is likely to form the substrate for very rapid 
integrated circuits for specific applications. 

3.2.1. The search for technical combinations. 

64. 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) 

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

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

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

68. The logic of avoiding losing within the links the gains achieved 
inside each component by its miniaturisation will need to ba studied 
in greater depth. It should lead to the development not only of 
ASICs (cf. 61) but also to customised hybrid circuits. 
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69. This type of circuit has developed a concept vhich has led in the case 
of printed circuits to the technique of surface aounted devices (SMD), 
a technique which should beco~~ dominant during the nineties. 

70. Thin or thick fila hybrid circuits should lead to the vider diffusion 
of electronics in inn1111erable potential industrial applications. 

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

3.2.2. Opto-electronics, a aajor contributory technique. 

72. For point-to-point c01DUnications at a distance the nineties will be 
the decade of fibre optics. 

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

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

3.2.3. Standardisation: a constraint on coaaunications. 

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

76. The OSI (Open Systems Interconnection) model with seven layers of the 
International Standards Organisation, is being used and bas received 
the recent support of the major industrial firms. 

77. The creation of a group of users, such as MAP (Manufacturing 
Automation Protocols), illustrates the progress being carried out 
tovards increased possibilities of inter-functioning betveen the 
information processing machines necessary for any netvork. 

3.3. Networks and knowledge 

3.3.1. 
78. 

79. 

80. 

81. 

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 rarticipating 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 
apprecialed: the standardisation of high-definition TV where Japanese 
and European proposals are in competition. 

3.3.2. Integrated Services Digital Networks. 

82. The major project of the nineties is that of the installation of a 
coumaunications network which carries not only speech but, more 
generally, every type of information. 

,, 
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83. Choices vith a technical iapHcation vill be taken in the coaing 
years, for exacple betveen a universal netvort lite the existing 
telephone netvort and a group of specialised applications or users 
netvorts. 

84. For some ISON is partly a technical ayth, aeaning "I Still Don't 
ltHov!". 

85. The digitisation of transaission and svitching reaains eabryonic in 
.. ay countries where analogue switched speech networks co-exist with 
digital switched networks for data packets. The aove froa this 
situation to an ISDR is viewed differently by the leading countries. 

86. Rovever there is a kind of agreement on the installation of a so
called narrow band ISDR at 144 kbits/s which should, by the year 2000, 
fora a basic characteristic and govern froa that date onwards the 
technical development of coeponents and equipaent (Table I-8: 
Installation of a first-generation ISOM in the European countries). 

87. It is only after the year 2000 that it is possible to envisage a 
network capable of carrying high-definition colour iaages through a 
wide band ISDR or IBCR (Integrated Broadband C01111Unication Retvork). 

88. This distant target poses proble.s for the discussion on the imaediate 
standards for the narrow band ISDR. 

89. For example the choice of real-tiae synchronous aultiplexing for 
digitised speech, transaitted at 64 kbits/second seeas very arguable 
at the present tiae: the evolution of svitching will be affected and, 
with this, the coaing generations of exchangP.s (Figure 1-10: 
Necessary developments in svitching techniques: aaendaent to the 
ISON). 

3.3.3. Software and artificial intelligence. 

90. Any progress in the hardware 11Ust be accoapanied by progress in the 
softvare, whether opet"ating software - partly integrated into the 
hardvare as "firmware" - or applications software or dedicated 
programs for specialised uses. Software becoaes the critical point 
in the development of information processing machines. 

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

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

93. The search for continuity in the utilisation of programs has led to an 
attempt by the major infol'118tics aanufacturers to draw up jointly 
their next operating system. It does not seem that this can be done 
without difficulties. 

94. In the field of artificial intelligence one should expect the 
multiplication of expert systems, si~· "ifications in the use of 
information processing aachines 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 or PRODUCTION CONDITIONS IN ELECTRONICS 

4.1. The general characters of a multi-intensive dynamic 

4.1.1. Highly dynamic conditions 

95. The same type of evolution will be followed, irrespective of the 
product of electronics construction. 
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96. The rapid changes in <:be characteristics of the product •ans 
that inforaation proce:»sing aacbines are constantly less 
expensive, s .. ller and more ra:>id (Figure J-·12: Coaputers and 
information processing: cheaper, s .. ller and faster). 

97. Falling absolute prices vitb iaproved perforaance in the case of 
aass consuaer products such as the IBM-PC. 

98. In th~ case of other products it is the absolute price of the 
unit service rendered vhicb is falling. For exaaple the p~ice 
per KIPS (aillioas instructions per second) in infor11&ti:::s 
(Table I-13: Evolution of the KIPS cost for various IBM 
coaputers). 

99. This is also the case vith the cost of one channel on a com11Uni
catioos satellite (table I-14: Evolution of annual Intelsat 
costs). 

100. This is linked in particular vith evolution in the perforaance of 
coapooeots and should therefore continue vith the developaents 
forecast for these coapooents. This is confirmed by the costs 
of satellite telec01111U11icatioos circuits (Table 1-15: Forecast 
evolution of annual costs for a half-circuit in a 
telecomainicatioos satellite in 1983 US Dollars). 

101. Kore generally a fall in the cost of telephone c01111Unicatioos has 
been recorded. Technical progress such as fibre optics reduce 
the cost of services vhen they are advanced, that is to say for 
very high loadings (Figure 1-16: Cost/performance coaparisons 
between copper and fibre optics cables). 

102. These very dynamic characteristics give apparent facility but 
aask the difficulties linked to the aulti-intensive character of 
production. 

4.1.2. But vith difficulties linked to the aulti-intensive character of 
production. 

103. The intensity of technical progress gives advantages to producers 
near to the aanufacturers of coaponents (Table 1-17). 

104. This is impelling firas to vertical integration. 
105. The convergence of formerly more distinct branches and their 

co11111on and necessary proximity to the aanufacturers of components 
imposes and cements an extended range of contacts to remain 
within the rhytha of developments and on highly disputed aarkets. 

106. The high intensity of Research and Developaent requires aany 
highly qualified personnel and very high and increasing 
expenditure vith technical. progress, to such a point that in 
certain sub-fields, such ao that of telephone exchanges, it is 
necessary to expect a reduction in the nuaber of manufacturers. 

107. 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 suie tiae as the hardware and the automation of 
the production process. Generally speaking non-skilled jobs are 
tending to be aassively reduced in the electronics industry 
(Ta~le I-18: Eaployaent and its structure at Siemens (Germany)). 

108. The profitability of such intangible investments demands 
sufficiently large aarkets for which the automated plant and the 
adequate production capacities generally lead to high investments 
which make this industry increasingly capital-intensive. Some 
exceptions remain, for example for products manufactured for a 
protected market or defined vith original specifications, and 
which define a aarket segment (Table I-19: Technical and 
investment levels in some products of the electronics industry). 

• 



• 

- 9 -

4.1.3. Copying to avoid the difficulties. 

109. Escaping frOll the aulti-intensive character of the dynaaic by 
•svi .. ing in the vate of a big fish•. 

110. The IM compatibility "invented• in 1976 by AMIDHAL evapcrated 
vith tho? IBM-PC and the proliferation of its clones. It 
involved constructing an alllost conforaing copy of an inforaation 
prcx:essing -chine of which the -jority of the c011ponents are 
&vailable on the .. rket. 

111. this introduces a de facto standardisation and poses copyright 
problems. Kally actions have been initiated, llOSt national 
legislations trying to protect the market leaders. 

112. Copying is hov.:ver possible by agreement vith the original 
producers, and is fairly frequently practised vith OEM (Original 
lqui,.eat Kanufacturer) and second source systems. 

113. these general conditions .. y be u.ended or supplemented here and 
there as -y be seen in the tvo cases exaai.ned belov. 

4.2. The case of tbe integrated circuits - ae110ries 

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

115. The directing group of the producers on the market are atteapting 
to master an optimal trajectory for lovering prices vith the 
renewal of products, as for exaaple in the case of 11e110ries. 

116. As evidence a curve of global apprenticeship can be adduced 
(Figure I-20: The curve of global apprenticeship per 11eaOry
bits). 

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

118. All categories of integrated circuits have a very brief reneval 
and life cycle during which the price foraing proc~ss is itself 
aodified (Figure I-22: Product cycles in integrated circuits). 

119. Cycles froa one generation to another depend on increasing 
volumes (Table I-23: Evolution in deliveries of DRAM 
generations). 

120. In the sa11e manner the Research and Development costs and the 
duration of development ti11es are both rising. The 11ean R and D 
effort represents 10% of turnover and has risen to about US$ 100. 
for three years of vork in respect of the latest generation of 
11e110ries (1 llbit) placed on the 11arket. 

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

122. The invest11enu .:o be ude are therefore considerable. On 
average they represented 10% of the turnover in 197S and rose to 
23% in 1984. 

123. This very rapid path (Table I-24: Evolution in lithography 
plant) is ..ade •re 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). 

124. 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 1-26: The 
abnormal fall in 11emory prices; Figure 1-27: The Japanese path 
of investment in semiconductors). 
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4.3. Tbe case of the television receivers industry 

125. The television set. the origin of •ass consumer electr"nics. 
still reaains the pilot product. 

126. The industry is highly conct:ntrated 9 and tod~v fever thetn ten 
producers share the world •arket. 

127. Evolutions in techniques and the weight of investaents. even aore 
than the potential expansion of the .. rket. have made it 
essential to move on to long series production. 

128. The consequence has been a trend towards national concentration 
in the sixties. then on a global scale in the s~venties ... inly 
under the influence froa Japanese firas. 

129. The Japanese simultaneously exported their television sets by 
prc.>ting their brands and by purchasing Allerican plants and 
brands. 

130. Their success is reflected in the almost coaplete disaiantleaent 
of the local Allerican production apparatus. 

131. As froa the •iddle of the sixties nev lines of development 
appeared: relocation. autoaatioo and joint fir11S. .a{nly in the 
industrialised countries. 

132. European firms, protected until then by standards, reacted by a 
process of concentration around tvo firms. Philips and Thomson. 

133. Tboason has imitated Japanese knov-hov in autoaating. relocating 
and, like Philips, reducing manpower levels. 

134. Increasing the uniforaity of production conditions locates the 
critical size at 2 •illion sets a year in order to take account 
of the .. gnitude of Research and Development expenditure and 
technical progress. 

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

136. Other progress should be noted: iaproveaents in sound, 
reductions in energy consumption, the introduction of integrated 
circuits and i•provements in iaage quality (Table 1-28: 
Evolutions in television sets and the utilisation of integrated 
circuits in Japan). 

137. 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 t~be Froduction protects the producers 
of television sets. 

138. The ~oreans have oov entered this very competitive international 
oligopoly. They are turning towards the tubes aarket where they 
could generate over-production and aay be t•pted to lead a 
price var. 

139. Rovever the subsequent developments are not solely concerned vith 
the existing tubes because of the very considerable Research and 
Development efforts. 

140. Mass consumer goods will bece>11e, with digitisation, a high 
technology industry, and soae nev producers vith associated 
capabilities vill appear. 

141. The principal challenge, however, remains the complete renewal 
which is expected vith the move fro• 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 
OM ALL ECONOMIC ACTIVITIES 

1. The age of electronics has been installP.d 9 and the age of steel 
bas to give way to it. An industrial •utation is taking place 
and activities are being llOdernised. 

1. AB EVALUATION OF THE DEGREE OF DIFFUSION OF ELECTRONICS 

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

3. The mean annual rate of increase of sales of integrated circuits 
between 1982 an4 1986 is above 27% (Table Il-1: Destination. in 
percentages. of inte~;ated circuits. 1982 and 1986). 

4. The question of the 1iffusion of electronics and the industrial 
autation •ust be distinguislted from the rate of global growth. 

5. The penetration of electroaics into everyday life. 
6. Its penetration into enterprises. 
7. The significant diffusion of •icro-electronics into industry in 

Great Britain. Germaay and France according to the results of an 
in-depth survey. 

8. Between 1970 and 1985 industrial jobs are influenced by the 
spread of micro-electronics (Table Il-2: Extent of use of 
•icro-electronics by industry; Table II-3: Stage of 
development in use of micro-electronics). 

9. Users firstly utilise standard •icroprocessors in their products 
and equip themselves with programmable automatics. 

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

2. ABOTHER MANNER OF PRODUCTION 

2.1. !!!£!!!.tronics 

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 work.shop., to plants without workers (Figure Il-8: 
A scheme for a flexible workshop). 

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

15. The example of a 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 

17. Tvo probleas of comaunication linked vith aechatronics. 
18. The birth of the KAP project. 
19. KAP facilitates the developaent of local industrial networks. 
20. Autoaation on islands. 
21. Difficult production .. nageaent. 
22. laprovements involve a real-tiae communications network betveen 

the islands for centralised or decentralised processing and safe 
industrial control. 

23. Logistics Jinks internal aanageaent and the .wnageaent of inputs 
and output to ensure overall optiaisation. 

3. A CRITICAL APPRECIATiOR OF THE EltPLOY!tERT-PRODUCTIVITY DILEMMA 

24. Ro irrefutable deeonstration bas been able to resolve opposing 
views. 

25. The previously cited study shows an overall effect on tvo weakly 
negative axes (Table 11-10: Changes in employaent due to use of 
•icro-electronics: all users). 

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

27. Fro• a aicro-econoaic point of view technical progress threatens 
employment. 

28. But the vages which are not paid by the more productive 
enterprise return to the economic circuit and can serve, 
therefore, to provide other jobs. The problem of employment is 
also •acro-econ09tic. 

29. In the long t&r• agricultural eaployaent and then industrial 
employment will fall to th~ profit of the service sector. It is 
not electroaaics which has caused or is causing unemployment; on 
the contrary it increases the employment potential (Figure 
II-11: Evolution of the sectorial structare of jobs). 

4. AN INCOMPLETE LIST OF MODERNISED ACTVITIES 

30-31. 
32. 
33. 
34. 
35. 
36. 

Steel 
Chemicals 
Petroleum 
Autoaobiles 
Textiles and clothing 
Agriculture 

• 

• 
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SUMMARY OF CHAPTER Ill 

AN EVALUATION OF THE STRAT£:GIES OF FIRMS 
ARD OF NATIONAL PERFORMANCES 

1. With technical evolution the industrial structures are undergoing in
depth changes. Enterprises are led to revise the strategic options vhicb 
they had chosen up to the end of the seventies. Fro• then on every 
horizon is planetary. Products and processes, particularly in the high
technology industries, cao only be aarteted (and conceived) as a aajor part 
of the world aarket. The change in the scale of production obliges firas 
to define industrial coaplexes by way of relocation/autochthonous and 
cooperative strategies. 

2. Progressively, therefore, aost of the branches structure the.selves as 
oligopolies. The large doainaot firas seea to have consolidated their 
dOllination. Their capabilities exceed the fraaevork of their principal 
activities. Bovever the segmentation of activities aaltes 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 
atteapt to evade custoas barriers, requires today an effort towards 
autochthonisation, that is to say of assiailation within the industrial 
fabric of their pl .. .:e of establisb9ent. This operates aore vi thin tbe 
countries of the Big Three (Europe, the United States and Japan) than in 
the countries of the South, and all the aajor llallufacturers are subject to 
it. 

4. In addition to internal growth the growth of the aarkets and their 
segmentation requires recourse to the purchase of enterprises or to 
collaboration with coapetitors. Over the last four years the aovement 
towards cooperation in el'!ctronics has taken oo a hitherto unequalled 
•agnitude, moving in the direction of the oligopolisation of the aarkets. 

5. All sectors are subject to this aovement, from inforaatics vhere IBM 
was only able to build its PC vi th the help of Microsoft or Tander, to 
semi-conductors where the division of work between the design firas and the 
actual producers is widening. 

6. However these operations of finas result, at national level, in 
structural co..ercial iabalances. Vhilst the markets are located in 
Europe, the United States and Japan, auch of the production is in the hands 
of the Bevly Industrialised Countries of Asia with Japan, Mexico and 
Ireland. The gap between aarkets and production bas, as its corollary, 
very serious trading deficits in Europe and the United Stat~•. 

7. These deficits have resulted in unequal protecr.ionist tensions since 
tbe Second World War. The United States and Europe simultar.eously broke 
the GATT rules in order to protect their electronics industries which vere 
.. eting "unfair" competition froa the countries listed above. 
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SUMMARl ~r CHAPTER IV 

AH OVERVIEV OF PrBLIC AUTHORITY STRATEGIES 
iM T~E INDUSTRIALISED COUNTRIES 

The role of the strategies of the public authorities bas been of 
fund..ental iaportance in orientating the global technico-industrial 
evolution in electronics, and continues to be the saae today. Obviously 
it is the authorities of the aost industrialised econoaies vbicb exert the 
greatest weight vben deteraining this orientation. Thus it is the Borth 
Allerican public authorities vbich can undoubtedly claia paternity for the 
advance of electronics. Froa the seventies they had to faca up to a 
challenger which gradually bec..e doainant in an increasing nuaber of 
fields under the action of the firms but also, and aainly, because of the 
strategies of the public authorities. The older industrialised countrie~ 
in Europe followed, with some delay. the American electronics evolution 
and, fbding tbe11Selves somewhat outdistanced, sav that the tiaid and 
national aeasures vbich bad been taken up until that tiae vere 
insufficient. As a consequence. and within the fraaevork of the European 
C~ity, they iaple.ented the ESPRIT progra.ae designed to put thea back 
on course again. It is in effect in the electronics field that the real 
technological race between the industrialised countries vas being run vitb 
their public authorities supporting thea or even replacing tbea. Even in 
the case of the so-called deregulation of telecoaaunications one can 
observe the intensity of this global co.petition. 

The tradit" ·l tools which vere utilised, and which were found 
everywhere, inclu~ed 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. Old Europe's sOllersault 

3.1. A general overview of SOiie interventions 
3.2. The German policy 
3.3. The British policy 
3.4. The French policy 
3.5. The ESPRIT progr&111e 

4. Technological coapetition between the nations 

4.1. Mechatronics 
4.2. Deregulation of telecoamunications 
4.3. Artificial intelligence. 
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SU!VIARY OF CHAPTER V 

CHARACTERISTICS AND TRENDS OF THE VORLD 
KAR~ETS FOR PRODUCTS AND SERVICES 

1. The very unusual characteristic of the electronics industry is that it 
bas founded its grovtb on siaultaneously enlarging the existing 
.. rtets and also extending the possible spplications for this 
technology. !lass consumer electronics, dominant until the Second 
World Var, occupies an increasingly liaited part of world electronics 
production. giving place to industrial capital goods. 

2. With its significant share in the GDP of the principal indu~trialised 
countries electronics has becoae a aajor industry. But the technical 
upsets. with the motive force of the diainishiPg size and price of the 
active coaponents. have led to a very considerable seg11entation of the 
.. jor aartets within which certain niches are appearing - whilst 
others are disappeaiing. 

3. In electronic data processing,· or •inforaatics", the producers of 
universal computers and aini-computers are seeing their positions 
threatened by the widespread introduction of aicro-coaaputers, in 
particular since the power of the latter bas equalled or exceeded that 
of the classical aini-coaputers. At the saae time the aini-computers 
are encroaching on the preserves of the larger or very high power 
computers. 

4. As with inforaatics the software industry bas been turned upside-down 
by modifications in the hardware. Using archaic production methods 
they do not offer any gains in productivity, in such a vay that the 
software absorbs an increasing part of the operating costs of the 
systems. Furtben1Cre. with the increasing pover of the hardware the 
traditional operat~rg systems becoae 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 aanufacturers are 
increasingly turning towards UNIX. The languages themselves are 
becoeing obsolescent. FORTRAN, COBOL and BASIC have been abandonned 
for LISP or PROLOG, particularly in the field of expert systems. 

5. In telecoamunications the revolution consists of the implementation of 
ISDN (Integrated Service Digital Networks). These networks will aake 
it possible to transait speech, data and images at 144 kbits per 
second (kbps). The comaunication of data hH thus required a 
redefining of the network. Siaultaaeously increasingly fast 
aultiplexers are used to transait data by the conventional networks at 
lover costs. But these standards are already upset by techniques of 
signal compression/decoapression (CODEC) vhich make it possible to 
switch and transmit data at 64 kbps, reducing at a stroke the value of 
the ISON standard or fibre optics. 

6. In •echatronics the faltering aarket gained in strength vhen General 
Motors defined a COllllUoications protocol for use between the 
components of the flexible workshop. This MAP protocol should be 
accepted by all the aanufacturers 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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7. Frequently stagnating, and subject to the same economic conditions as 
the aarket for capital goods, aass consumer electronics gained its 
second vind tovards the end of the eighties vith the CD and the video 
recorder. The prospects are encouraging vith h~me informatics 
("da.otique"), that is to say the integration within the intelligent 
hoae of all the doaestic functions, collectively controlled by a 
central processing unit. In the short tera the priccipal effects of 
the recovery vill arise froa the digitisation of TV, vith the 
developaent of high-definition televi~ion (TVHD), but they will also 
coae froa the outlets offered to electronics by the do.estic 
electrical appliancas which have, unt:_l now, integrated little in the 
vay of electronics. 

8. The highly cyclical seaico:iducto::s industry is a considerable 
strategic challenge. The intense coapetition which operates on the 
standard aarkets leads aanufacture1-s to try to fall back on the 
markets for customised semiconductors (ASIC) which is less competitive 
and where the grovth is expected to be considerable. At the same 
tiae microprocessors will also undergo major 110difications at hardvare 
level (from 16-bit to 32-bit) and also in the softvare for their 
instruction set (RISC or CISC). 
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SUMMARY OF CHAPTER VI 

OBSTACLES AND POSSIBILITIES FOR PROMOTING ELECTRONICS 
PROMOTION IN T~E THIRD WORLD COUNTRIES 

1. TOO RESTRICTED A PARTICIPATION IN WORLD ELECTRONICS PRODUCTION. 

1. The countries of Latin America, Asia and North Africa are aostly 
producers, and some are exporters, of el~ctronics goods, although 
this industry is still young and a siailar situation took a 
hundred and fifty years to appear in the case of textiles. 
Bovever the participation o! the Third World nations in global 
electronics production seems to be too restricted. 

I.I. The 11Ultinationals relocate to lover vages: 
currency. 

jobs and foreipi 

1.1.1. 

2. 

1.1.2. 

3. 

4. 

1.1.3. 

The Rev International Division of Work. 

Analysts believe that they vere able to perceive, in the 
seventies, a nev international division of vort, involving moving 
production to countries vith lov vage levels for its subsequent 
export to the industrialised countries. 

The "offshore" installations of the multinationals. 

Firms have relocated their productions by installing themselves 
"offsh'lre" in the case of highly labour-intensive industries, 
which is particularly the case vith 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 
vere to be found "offshore". 

Public encouragement: 
tariffs. 

export free zones and special import 

S. 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). 

6. Tariffs 806-807 have been particularly used by the United States 
for their imports of semiconductors (about three-quarters of the 
total), and this bar been at the root of electronics productio~ 
in numerous Third World countries (Table Vl-1: Borth American 
trading in semiconductors and tariffs 806.30 and 807 .00 (1966-
1983)). 

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

8. 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 fmports into France from 
the developing countries after passive advantage; and Table VI-3: 
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Trading in electrical and electronic appliances in 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. The spontaneously increasing consumption of electronics eats into 
foreign currency. 

9. Television receivers, telecommunications and computers are three 
areas of increasing consu. ·ption which inflate iaports. ls it 
necessa~ to purchase or should one not, when the size of the 
domestic market is significant, produce them? 

10. Television broadcasting systems are becoaing aore 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 Vl-
4: Evolution of the rate of equipment with television 
receivers). 

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

12. 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. 

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

14. The development of the need to coD1Dunicate by way of the 
telephone seems to be closely correlated with the per capital 
GNP. ~~onomic growth therefore goes hand in hand with the rir2 
in telecoaaaunications, 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 Vl-5: Relationship between 
the level of telephone ownership and the per capita GNP for 
1978). 

15. States, everywhere, are adopting informatics. The international 
organisations are promoting this process and offering technical 
assistance in order to 1tevelop it (Table Vl-6: The ASYCUDA 
system of UNCTAD). 

16. Informatics projecta rely today on micro-computers. 
17. Micro-computers are proliferating not only within administrations 

but also in the priva~~ sector in most Third Vorld c~untries. 
18. Television, telephones ~nd informatics are leading, in most 

countries, to severe haemorrhages of foreign currency when it is 
not possible to produce locally. 

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

20. By contrast in the case of the medium and large computer systems 
difficult problems are posed: under-utilisation, lengthy 
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breakdowns and, for the administration, real dependence on 
foreign producers. This encourages them to use micro-computers 
and to promote their local manufacture. 

21. ~.~ the very least the decisions to purchase and use should be 
cleared by a unit consisting of a minimum number of nationals 
having the basic technico-industrial know-how • 

22. In the rase of telecommunications the procedure involves an 
international call for tenders, involving the most detailed 
consultations. 

23. The infrastructures which are installed cannot dispense with an 
efficient maintenance service, for which it is neccesary to 
obtain training for the local personnel. A large market may 
make it possible on the occasion of drawing up an equipaent 
programae to achieve the creation of an installation unit or even 
a unit for the production of components in order to facilitate 
maintenance. 

1.2.2. An emerging wish to transfora technology by way of electronics. 

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

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

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

27. The countries concerned, the UBCTAD 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 electronics 
(Figure VI-7: Extract from "Preliminary outline of the strategy 
for the technological transformation of developing countries" 
(Jlc~ument TD/B/C.6/L.73 of the UBCTAD Trade and Development 
Board)). 

28. The employment of electronics should, from this point of view, 
therefore contribute to~ards 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. 

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

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

1.3. Comparative advcntages in th~ laws of the World Industrial System 

1.3.1. The objective limits to wage cost advantages 

31. Whilst in a Third World country wage levt:ls, 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. 
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32. In order to participate more strongly in the fruits of 'tlorld 
expansio1• it is necessary to raise vage levels in international 
currencies so that competitiveness is then achieved by 
improvements in the other components of the overall costs. 

33. This takes us avay froa analyses in terms of comparative costs 
and leads us to the area of productivity: are there no sp.?cific 
productivity advantages held by the industrialised countries? 

34. Under the generally unchanged conditions the countries vith lov 
vages remain attractive for the most labour-intensive industries. 

35. Whilst the electronics industry is no longer ranked aaongst these 
industries the countries which have not registered any changes in 
fields other than wage costs do not attract any electronics 
relocations. 

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

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

38. Within the fraaeworlt 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 
product• intended for the local domestic 98rkets and where 
proximity constitutes a 98jor specific coanercial advantage. 

39. In fact the relocation aoveaents have been acc011panied by the 
creation of dynamic effects, creating specific advantages for the 
rece1v1ng countries, in particular the i.aproving of local 
industrial capabilities. 

40. One can cite the example of the high vages 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, vhich could not 
have been perceived by the analyses in teras of comparative 
advantages, have nevertheless been developed. 

41. This leads to the necessity to analyse the functionning 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. 

1.3.2. Difficulties in mastering a high-technology global industry 

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

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

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

45. 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 Vorld 
nations. 

46. The barrier to technico-financial entry is co111Dercial and is also 
very high. 

47. Finally the world electronics industry constitutes an 
internationally very convoluted field with highly competitive 
!Darke ts. 

48. It may also be te~pting to turn towards the few and rare 
facilities offered by this industry. 

• 
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The facilities for dependent insertion by vay of asseabling or 
copying 

49. It is possible, under certain conditions, to advance to local 
production after dissecting and then copying .any electronics 
goods. 

50. Kore coaplex assellbling remains possible, for a sufficiently 
large domestic -d:et, within the fra11evork of agreements vith 
the operator controlling the production. 

51. Intemational stadardisation or, on the other hand, national 
specifications, aay also constitute facilities for an entry into 
electronics production. 

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

2. TOWARDS AR IllDUSTRIAL STRATEGY FOR DTRY IHTO ELECTRORICS 

2.1. What point(s) of entry? 

2.1.1. A critical exaaination of siaplistic responses: softwares 
and ASICs 

53. Third World countries could have a coaparative advantage in 
softvare production. 

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

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

56. 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 fira which produces the hardware. 

57. In fact the barriers to entry are very significant. 
58. This can be illustrated in the field of software for aicro

computers. 
59. The software option is therefore a difficult one and not really 

optimal for an industrial strategy. 
60. Another option is that of designing ASICs, high-technology 

integrated circuits in a simplified version and without 
aanufaeturing thea. 

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

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

63. Softwares and ASIC• therefore constitute responses which are too 
simplistic to give to a difficult question. 

2.1.2. Focalisation-articulation requirements. 

64. Reasoning of an engineering type would 1eem to require pre1ence 
at all points because of the multiple interconnection• within the 
electronic• industry. 

65. Going back to micro-electronic•, or moving on to 1oftvare, doe• 
not solve the problem which is posed. 

66. It is nece1sary to seek a veak link for future mastery: this i• 
the focali1ation requirement. 
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67. At this point priority aay be given to those articulations which 
relate to it. 

2.1.3. Ca11plexity level requirements 

68. Entry into a bigb-technicity field involves three stages: the 
capability to iapleeent the production technique. an overall 
understanding of the process to be utilised. and technological 
aastery. 

69. Tbe temptation to advance by vertical integration. 
70. To devise a system which is linked to one constituent which is 

already acbievecl 11 with others of the same level, fores another 
route for progress. 

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

72. The gradation of levels of co.plexity .. y be illustrated by that 
which the international hierarchy reveals on a fully global 
scale. 

73. An exaaple of this gradation is given by l:.orean difficulties in 
informatics or telec01111UDications systems. 

74. This gradation applies equally to questions of 88intenance 
(Table Vl-8: Evaluation of the levels of coaplexity and of 
accessibility of electronics production according to the 
development levels of countries). 

2.2.Vbat tactics? 

75. Do not re-in~ent the wheel. 

2.2.1. Recourse to foreign technology 

76. 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 bad an 
international trading deficit on licences of more than 
US$ 11 billion! 

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

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

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

80. Soae exaaples of where this method of working has given 
interesting results. 

81. International cooperation can develop with private firms. 
82. Inter-state cooperation is also provided between the 

industrialised countries and the countries of the South. 
83. and 
84. South-South and regional cooperation, organised or not by 

international institutions, bas so far only obtained llOdest 
results. 

2.2.2. Seeking a level of global competitiveness. 

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

86. Even for a simple component there is value in seeking a level of 
global competitiveness. 
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87. This poses the problea of the choice of operators and possibly of 
their nuaber. 

88. This nuaber is linked to the potential of the existing resources 
and the forecast aarket for the product to be produced. 

89. The requireaent to reach a level of global coapetitiveness is 
explained in particular by the aultiple inter-relationships 
vithin the electronics industry vhich can, however, constitute an 
advantage. 

90. In the case of exporting the requirement is obvious. 
91. The search for global c09petitiveness can go as far as direct 

invesblent in the industrialised countries (~orea) (Table YI-9: 
Foreign investments by the ~orean aass consumer electronics 
industry). 

2.3. 11bat tactics? 

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

2.3.1. Rejecting aiserable dependence and sordid independence. 

93. Escape froa the traditional divisions. 
94. Be open to the rest of the vorld. 
95. This could lead to a situation of aiserable dependence, but to 

take the opposite path runs the risk of leading to a sordid 
independence. 

96. This voald result froa a desire to shut oneself off froa the rest 
of the vorld. 

97. A diagraa deaonstrates the orthogonality of the logics of the 
vorld industrial systea and the national socio-econoaic systeas 
(Figure Vl-10: The orthogonality of the vorld industrial systea 
and the national socio-econoaic systeas). 

98. It is therefore necessary to atteapt to articulate these logics. 

2.3.2. Linking a social dynaaic to the World Industrial Systea. 

99. Every successful strategy carries at the same tiae a national 
brand, that of its national socio-econ011ic system, and a date, 
corresponding to the state of the vorld industrial systea at that 
aoment. 

100. The iaportant 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 dynaaic. 

101. It is therefore necessary to try to organise a aodulated and 
selective opening up to a judiciously chosen target in the vorld 
industry. 

102. The process of technico-indus~rial catching up vith a vorld 
electronics industry and, aore generally, of a rapidly evolving 
vorld industrial system, together vitb the progressive elevation 
of the national capabilities, are the iaportant f~r•s of social 
transformation, the management of vbich is difficult and is the 
field of other disciplines than ours. 
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CHAPTER I 

A DESCRIPTIOR OF VORLD 

TECRBICO-IRDUSTRIAL EVOLUTIOR 

1. A TEClllllCO-IllDUSTRIAL DEFIRITIOR OF ELECTRONICS 

1.1. The technique 

1. Vbat is the object of the component analysis of •techni;iue•t On 
the evidence technique is .. terialised in the fora of a con<"rete 
object and its IM>des of creation and utilisation: the elementary 
technical object is tile tool. Since the stone age. the age of the 
tnapped flint. evolution bas been such that the reference to a given 
technique cannot. today. be reduced to the defining of a siaple tool. 

2. MorP- particularly. and after the accelerated advance of technical 
creativity froa the end of the 18th century onwards. any entity recog
nised and named as a technique in fact covers an asseably or a C011bin
ation of elwntary techn.iques. This 11Ultiplicity has a reality 
which is in fact very old. For exaaple in the neolithic age the 
technique of coating vith plaster was acquired. but this required the 
.. stery and cOllbination of aany eleaentary techniques: finding the 
gypsum. breaking it dovn by fire, producing the correct aix with nater 
so as to ensure that it would crystallise, applying it at the right 
time and in the right vay, and so on. It is therefore preferable to 
consider the concept of a technical coaplex under the definition given 
by B. GILLE (1978, p.17): •contributory techniques of which the whole, 
that is to say the COllbination, coabines to produce a well-defined 
technical act•. The technical act is at the saae tiae the creation 
of the technical complex and the utilisation or activation of this for 
the benefit of Man, the actor, and to the detriaent of Nature, the 
environment on vhich it acts. 

3. Technique is a kind of three-dimensional corner which Man digs 
into Rature. IU three diaenlions correspond to the three lines 
which intelligent h118811 action 11Ust follov in order to oblige Nature 
to serve Man: vitb a certain force. exercised on aatter, and a 
pbylical displacwnt, more broadly informational, Man transforms 
Rature to bis ovn benefit. Without 4lvays specifying vhat 
constitutes the unit these three dimensions are frequently invoked, in 
at least a separated aanner, by calling the• ENERGY, MATERIALS, and 
COMMU!IICATIOR. History bas seen these three diaenlions contribute 
towards a aastery, a more extensive, deeper and more profound 
transformation of nature with its consequent effects of size, both 
giganti~• and ainiaturisation, and of aanipulability, both targetting 
and speed of execution, the vhole normally being reflected in a 
relative increase in power. 
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1.2. Froa technique to industry 

4. Technical pover thus constitutes a potential for the 
transforaation of nature vbich. according to the more or less 
extensive usage of the technical coeplexes of vbich it is co.posed. is 
reflected in the industrial pover of production. The technical act 
is only accoeplished by .aking the production of an object ir.tended to 
procure satisfaction a concrete reality. Io this sense technigue is 
indissociable froe industry. the lauer constituting .!!!!_ 
iapleaentation of the technigue in order to produce. This close 
relationship between technique and industry did not pose any proble.s 
in earliest times vbere the teras •industry• and •technique• were used 
indifferently to qualify this or that sub-period of the palaeolithic 
or neolithic periods. 

5. By contrast • and for reasons linked to the context of 110re 
recent times (1), it is necessary to specify the content of this close 
relationship between technique and industry aod. initially. to 
underline the existence of a field of autonOl!I for the dynaaisa of 
technical creation which is effective. although obviously deliaited. 
This autonoay is principally served by a •gratuitous• and systeaatic 
curiosity1 by the desire to find out aore. Supported in this aanner 
by the existing technical content of a complex, and also by that 
existing in other coaplexes. technical creativity is expressed in the 
iaproveaent of existing techniques• by the superiapositions of new 
techniques or by the replacement of certain techniques by other 
techniques. newly invented or borrowed froa different technical 
coaplexes. Without the need for precise solicitations external to a 
given technical coeplex. a deep trend towards the search for technical 
iaproveaents underlies the dynaaism of technical creation in each of 
thea. 

6. This dynaaic. endogenous to the technique. is laid dovn on 
privileged lines of evolution vbich historians of techniques have been 
able to identify. As a result of the work by J.L. MAUNORY (1968) on 
i.:he genesis of innovations the two principal French historians of 
techniques have. in the case of one of thea. eaphasized a eode of 
technical creation with "relationships by lines" (II. 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 vbat it is possible 
to call a veritable genealogy of techniques. 

7. However to go beyond the simrle description of this genealogy 
which would appear, without a read•!rs' gui1e, to be a superb exam?le 
of entanglement, it is necessary to ara oneself with a number of 
concepts. The first is that of 110ther-techoiqL-•, those which are 
particularly prolific. One such ex•ple is the cylinder-piston 
assembly: froa 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 froa the same technical ~rinciple. 
Around a 11<>ther-t~choique 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 found in auch of the vork of the SPRU 
(University of Sussex, n) 1 but it corresponds directly to the 
•technical line• found earlier in the vork of the French historians 
(2). This concept underlines the existence of a certain autono.y or, 
to put it another vay, of a aini .... of deterainis• linked both to the 
structure, still poorly understood but pre-existent, of that Nature 
into vbich one vishes to excavate an "iaproved" corner, and to the 
present state of the corner. this deteraines at any given .,..nt the 
privileged dire~tions of evolution: indeterainisa is not total, and 
totally external choices for deteraining technical evolution aay prove 
to be aberrant (cf. Lysenko). 

9. It is clear that the aother-techniques theaselves develop along 
technical trajectories vbich aay be aultiple, linked to the technical 
COllplex vbich they organise, and giv~ng rise, at successive and 90re 
or less distant historical llOllellts, to veritable clusters of technical 
innovations, to follow the very early concept of .J. SCRUKPETn 0912). 
So, looking again at the cylinder-piston exaapl,., it is possible to 
eaphasize the aultiplicity of the technical trajectories of internal 
coabustiJn 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 Besseaer converters. 

10. Finally it is necessary to use the concept of the pervasiveness 
(3) of a technique. Certain technical trajectories aay lead a 
90tber-technique to give rise to techniques which are contributory 
towards a very vide variey of existing technical coaplexes. B. GILLE 
(op. cit.) speaks of technological transfer and diffusion, K. DAUMAS 
(op. cit.) of "the pervasiveness which aakes them able to contribute 
tovards all" the technical coaplexes. This pervasiveness constitutes 
a powerful factor for the hoaogenisation of the totality of the 
technical coaplexes, a totality vhicb, if it vere 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 term 
bas not been used for tvo reasons: 1) there is no accurate 
translation of it in English or in Spanish; 2) it is often 
confused vi th "filiere de production", or production route (or 
productive transforaation route). 

(3) (Author's ovn English translation of "fluidite•) 

(4) This is vhat B. GILLE felt able to do, but without making 
reference to a definition ~f the concept of the system which vas 
in conformity with systems analysis. 
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1.3. Froa technical progress to technological progress 

11. In fact technical evolution necessarily passes through its 
interaction vith industry since, as has already been pointed out, 
technique and industry are indissociable (cf. 4.). The tecl:-ical 
coaplex clearly only exists vhen it is activated, and t~e activation 
of this technical ca.plex is reflected in an act of production, an 
industrial act. The ho.ogenisation of all the technical coaplexes 
and their progress certainly passes, in the case of a not negligible 
proportion, through a coaparison of the levels of technical 
perfot'll8Dce to vhich the transfer of nev and contributory techniques 
gives rise. But this takes place even 110re by vay of the resolution 
of the tensions revealed between the industrial acts vhich the various 
technical coaplexes perait. 

12. These tensions .. Y consist of quantitative or qualitative 
distortions. Ve .. y take an exaaple of fairly contiguous industrial 
acts where the tensions and their stimulating character in regard to 
technical progress are obvious. At the beginning of the 19th century 
the British fira Horrocks, Killer and Ca.pany in Preston e11Ployed 700 
cotton spinners in its four •ills with 7000 weavers working in their 
h011es: the distortion in teras of quantity or •productivity• shoved 
the "backwardness• of the weaving technique as coapared with that of 
spioaing. Coapensation for this vas achieved by the multiplication 
of production sites; whilst the nev organis&tion for iaplementi.ng 
the spioaing technique seemed to be of more interest to SOile the 
pressure of progress in the technique of weaving vas much greater than 
that vhich vould result froa a situation of aautonomy•. At the same 
period the bleaching of the fabrics alco shoved a backwardness, but 
this was difficult to compensate for since the technical act required 
for its implementation considerable quantities of •ilk with constantly 
increasing areas of the fields and of days in the sun. rn the sa.e 
way the distortions in terms of quality could not, in general, be 
coapensated for. Still in this same econoaic field one should note 
the inadequacy of the techniques for printin~ the fabrics. So, here 
and there, strong industrial stimulants towards technical creation 
tended to focus the attempts. Without deteraining the technical 
evolution they therefore encouraged progress in one technical c011plex 
rather than another, or even encouraged the putting into use of one 
improvement rather than another, in this way 110ving towards .!. 
selection of technigues (A. llOU1'1ER, 1974). 

13. In addition to thb example it is necessary to accept that the 
interactions between industrial acts (5), and the tensions vhich may 
arise from them, nourish to a considerable extent the inter.ctions 
between the technical complexes vhich underly thea, thus constituting 
a fun~a11ental factor for h0110genisation. All the technical ce>11plexes 

(5) 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 exaaaining this relationship here, as it has already been done 
elsewhere (cf. for example HUMBERT, 1988a). 
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are thus hMtOgenised and evolve on the occasion of their being put 
into interactive use by industry; it is thus the existence of a 
technico-industrial systea which bas to be conceived. The totality 
of the coherences and liaiso~3 which aake a syste• viable are 
concerned vith the techniques and their iapleaentation. and vbat B. 
GILLE (op. cit. p.19) describes is clearly the rough sketch of a 
technico-industrial systea. 

14. Furtherwore it should be noted that. since the end of the 19th 
century. a new trend bas blended technique and industry into a single 
unity. the latter soon absorbing the for.er. In foraer ti.mes the act 
of technical creation simultaneously elaborated the industrial act of 
production. The advance of rational thought. in particular with the 
Creeks and :hen in Europe frOll the 13th century and certainly froa the 
17th century. entered into the field of technique. Froa philosophy 
to aathe.atics. the extension of the object of rational thought 
enabled us to pass. for exaaple with A. de LAVOISIER (1743-1794). froa 
alcbeay to cheaistry. One can therefore see, over several centuries 
and in a fairly independent .aoner, technical bov-bow, the 
technicians' art of production, cohabiting with scientific knowledge. 
the world of in~ntions and inventors. This separation between know
how and scientific tnovledge was accompanied by a chronological tiae
lag between these two types of knowledge in progress towards identical 
concrete objectives. It has often been eaphasized that the 
inventions or discoveries .. de 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 steaa-eogine 
which operated well before CARROT set out the principles of 
thenaodynaaics. 

15. The interaction between these two ordsrs 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 an1 of coal tar distillation at cote-vorts. provided 
the scienti~ts in this discipline with the birth of organic chemistry. 
In the 19th century there was a progressive convergence between the 
fields of techniques and of science. a convergence in their 
utilisation in the service of aan 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 boot entitled "Elements de l'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 technological progress. 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 vas the Holtzer company which, with Boussingault 
and Burstlein, organised in 1869 t~1e 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 syste• 

16. A stable technico-industrial systea is thus based on a 
hoaogenis~- and viable grouping of technical coaplexes; viable here 
is to be understood in the sense that those tensions which .. Y appear 
betveen the aultiple industrial acts find their resolution vithin this 
grouping. At the heart of the technico-industrial systea vill be 
found. at least in a definitive 1MUU1er after the 19th century. •the 
.. chine• rather than the siaple tool. and it is vith this that aust'be 
V'ildertaten the essential operation of the transforaation of nature 
with the three diaensions which have already been identified: energy • 
.. terials and communication. The industrial era is the era of the 
.. chine. The aachine. the key-element in the transforaation of 
nature by man, is thus seen as the target point of an accuaulation to 
produce aore objects in a aore efficient aanoer and the technical 
support around which industry organises production. This aachine 
aust obviously be integrated vithin a stable technico-industrial 
systea. Such a systea corresponds to a hOllOgenised assembly of 
technical coaplexes, achieved by the resolution of any tensions 
betveen the aultiple industrial act~. 

17. But it aust also be noted that this asseably of technical 
coaplexes can be found to be availing a nev hoaogenisation when a 
technigue of very high pervasiveness appears at any point whatsoever 
of this assembly. In effect this is liable to provoke the 
efficacious rec011position of a very large number of technical 
c011plexes. Such a technique constitutes a control eoi..!!, in the 
technico-industrial system: as the factor aating the grouping of 
technical complexes hoaogeneous and viable the tiae of its pre
eminence is also that of the stabilisation of the rec011posed technico
industrial system. 

18. Since the adve~t 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 fora of energy to drive the 
steam-engine vbich cuuld then actuate machines; the technical 
principle of this is still found in petrol engines. Tne amount of 
horse-power available to any nation is the yard-stick by which its 
place in the industrial hierarchy of nations is aeasured. Steam
engines penetrated into all industrial activities, 10 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 Cl 787). It is the epoch of emerging 
industry with a machine vhich is the product of a truly autonomous 
industry, the engineering industry. Until then machines linked vit~ 
industry vere built in a specific manner at the "factory" or "mill" of 
production, the two words being synonymous in English. 

(6) However the autonomy of technique in relation to industry, as 
defined in paragraph 5, evidently still exists; this is shovn by 
freqtJent criticisms made by executives in ind•1strial companies 
that research workers in their laboratories are often felt to be 
too little concerned vith industrial problems. 
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19. Steam continued to be used for a long tiae, up to the start of 
the 20th century; however a techn: sl leap, in a nev field vhich vas 
to be revealed as of very high per ·eness, took place in the middle 
of the second half of the 19th ce~- .-Y• It vas at this moment that 
steel, a aaterial vhicb had been knovn for a long vhile and the 
production of which bad been the object of numerous improvements, 
shoved its true iaportance. The inventions of Bessemer (the acid 
converter of 1856), of Thomas (the basic converter of 1879) and Martin 
{the open-hearth furnace of 1865) led to processes vbich vere 
exclusively used up to the aiddle of the 20th century and which 
allowed the rise in the rover and quality of the iron and steel 
industry. This quality was to be reinforced by the advan.!e in 
special steels containing chromium (1877), aanganese (1882), nickel 
(1888), etc. In fact fro• the last quarter of the 19th century and 
practically up to the fifties industrial power was nov aeasured in 
teras 6f steel production. This rise in power is also reflected in 
the phenoeena of concentration and the increasing size of firas. It 
was the epoch of heavy and concentrated industry and of the aanageaent 
of large works where efforts were aade to coordinate the activities of 
the aachines. It was at the aoaent vbe~ production line vorking 
appeared and developed that the technician was replaced by the 
engineer. On the deaand side the auto-consumption of the age of 
steam was replaced by the development of the open market, but external 
aarkets 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 good~. 

Vithin the national industrial spaces there vas established an 
effective national regulation which returned an important place to the 
domestic demand vbich vas gradually saturated in terms of food 
products and then developed its consumption of semi-durable and 
durable goods. The folloving diagram sU111Darises the principal 
characteristics of the different ages of the technico-industrial 
system and, in particular, that age in which ve live today. 
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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 
aicroprocessor by the INTEL company (USA). It vas no longer the 
aastery of an energy or of a aaterial which constituted the control 
point of the technico-industrial systea but mastery uf a means of 
comaunicating information, the aanipulation of a signal or of a code. 
This is the age of electronics, the structure of which will be shown 
later (cf Table I-2). M. DAU-nAS locates "the technological turning
point of the century" round about "1920-1940" 0981, 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 
aany fields electronics is really one of the fundaaental elements in 
the new technical system." 

21. The electron vas discovered in the closing years of the 19th 
century; however it vas necessary to wait until 1920-1930 for its 
r£al value to be recognise1 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 utilise variations in electrical parameters 
(electroma etic fields electrical char es) to sen~e transait and 
process information" (Vol 6, p. 57, 1970 • This definition is the 
aost pertinent of those which can be found since, if it is neither 
perfe=tly technical not exclusively industrial, it is technico
industrial. Electronics, the electronic technique, is made available 
in the service of the processing of information, of a signal, and of 
its manipulation: storage, combination and transaission. 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 tecbnico-industrial system has an ima>erious 
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 evidenc~ this clearly leads to a situation vhich has ?>roken 
away completely from that of the age of steel; a nev control point on 
the technico-industrial system has been created: electronics. The 
new tool is obviously the electronic component which ar:-ived at is 
maturity around 1970, hoir.ogenising the entire field of information 
processing and leading, through the perfect pervasiveness of this 
technique, towards a new stability in the tecbnico-industrial system 
which, for th~ 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 mother-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 
•anipulate a signal, "an element of information" which consists. potentially. 
of any complex form of information, whether a written or spoken message, a 
fixed or moving 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 iu the laboratory a transistor which reacts to the passage of one 
single electron in less than a millionth of a millionth of a second! (7) 

23. At least some of these problems bad 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 tvo technico-industrial 
sub-fields: on the one band the transmission of information and on the other 
the processing of information. These both have in COllllDOn the fact that they 
have been able to find, using the same mother-technology of electronics, 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 
d~monstrate 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 O.OS 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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2.1. The birth of the electron as the origin of a prolific aother-technique 

24. In the transaission of inforaation a first aajor advance aalting it 
possible to go beyond visual signals or the aoil was the electric telegraph 
of MORSE in 1843. It aay be seen that, fro• this first step, inforaation is 
linked with elecricity. Networks were in~talled 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 becaae international with a first submarine cable linking Dover to 
Calais in 1851 followed by a transatlantic; ~c1bJe in 1866 so that Europe at.d 
Allerica coiilci"'Co1111Unicate without any delays. l'!le techniques of sending and 
receiving were progressively i•proved together with the cables, due to the 
work of the French Emile BAUDOT (1874). Bis five-unit code is still used in 
the transmission of written •essages by telex, where the code is translated 
into electrical pulses. At the saae tiae the theoretical work of MAXWELL 
(in particular his 1873 treatise on electricity and aagnetisa, 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 aaterial (through the "ether", as it was believed at the ti.lie) was 
to open the way, with the aid of a series of inventions, to an innovation 
which would rapidly be seen to be fundaaental. After Edouard BRAHLY had 
developed his coherer, or wave detector, in 1890, there were few probleas to 
be solved (such as antennas) in order to develop wire-less telegraphy or 
wireless. In 1895 MARCONI succeeded at Bologna in transmitting a aesdage on 
a Morse tape over a distance of 2.4 kilometres; after a whole series of 
i•provements 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, s::.nce 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 developed 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 stimulated 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 B~reau 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 
where electricity played a role which vas already essential, was to find 
itself greatly disrupted and undergoing a first phase of structuring vith~ 
birth of the electron. The naae is due to the English physicist STONEY 
(1874), but the demonstration of its existence bad to wait for J.J. THOllSON 
in 1879 and J. PERRIN. The work of J.J. THOMSON vas to explain a phenomenon 
observed by EDISON in 1883 in the incandescent leap which be had invented in 
1897; this vas the bluish light between the electrodes (anode and cathode) 
of his lamp, and the electric current which vas detected, later ter.ed the 
therao-ionic or theraionic phenomenon. FLEMING, vho vorted vith EDISON and 
also vith MARCONI, developed the first vacuwa 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 fro. being a better detector, could also be 
used as an aaplifier and could, for example replace, vith the flexibility of 
total variability, the electr011echanical relays vhich had until then been the 
only ltnovn aeans of controlling the action of aore powerful aachines. The 
sub-field of inforaation, and particularly its transaission, vere to benefit 
very rapidly froa this remarkable progress. 

27. From 1915 onwards the triode vas 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 eaitters 
and the developaent of aethods for the modulation of these vaves by amplitude 
aodulation in 1915 (and frequency aodulation in 1933) and also for their 
reception (by the heterodyne technique in 1917), it became the origin of 11ass 
broadcasting, regular transaissions of vhich began in 1924. There vaS'iiO 
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 vith the 
binary system introduced by the French Louis COUFFIGNAL (1936) in 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 fundame~tally alter the possibilities for 
its transmission and, potentially, its vrocessing, 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 bas already been made of the names of EDISON, BELL, 
REMINGTON and MARCONI (EMI) who were both inventors and industrialists, and 
American Telephone and Telegraph CATT) 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: Thoms\)n-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 a11d its production 
subsidiary Western Electric had to relinquish their international operations. 
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Io Europe the coapaoy of the SIEMERS brothers together vith Philips 
Gloeilaapeo NV (in which GE held 17% of the capital in 1935}. like practically 
all coapaoies apart froa the Sviss Brovo Boveri r.Ollpany, sig6ed cross-licences 
with the American coapaoies to share out the vorld •arket. The latter also 
have fairly large invet..blents in Europe. The Deutsche Edison Gesellschaft 
(German Edison Collpany) vas the precursor of AEG in Germany, and around 1910 
the General Electric Collpany in Great Britain becaae independent of GE vhich 
bad founded it; in 1892, the year in which GE vas formed, the TbOllSoa-Rouston 
International Collpany (created around 1888), after having established British 
Tho.son-Houston, signed an agree.eat vith the French c011pany to operate the 
Tho.son-Houston processes in France, leading to the creation of the French 
Tbo.soa coapaoy, the only COllpany left today to perpetuate the na11e of the 
American inventor. 

29. Ia the field of data processing vith tabulators there appeared at the 
start of the century the principal participants in a global oligopoly vhich 
still continues today. Tbe company founded by HOLLERITH in 1896 had to merge 
vith others to •et toe co.petition. It became IBM in 1917 after being 
headed by F.R. KORDOLF vho was subsequently to become President of Remington 
Typewriter (a subsidiary of Remington-Raad) and then by G.V. FAIRCHILD, vho 
founded and gave bis name to a celebrated semiconductors firm: under his 
chairmanship the director in 1914 vas T.J. VATSOR vbo came fro• NCR 
(originally •anufacturers of cash registers), and so on. The principal rival 
company vbea the Hollerith patents (1909) came into the public domain vas 
Powers, also to be bought by Remington-Raad (vhich became the mechaaographic 
division of Sperry-Raad). At the end of the twenties it held 25% of the 
vorld .. rket compared vith 75% by IBM, vhich 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 fev in number, and the existing firms in related fields 
- such as NCR in cash registers or Burroughs in accounting machines - do not 
nov attempt to penetrate this .. rket. In total therefore one may consider 
that there is a real technico-iadustrial complex vith its mother-technology 
and its industrial actors vho 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 tbe signal 
0925-1955) 

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 bad 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 RuJsian emigre ZWORYKIN developed in 1928, and the 
first experimental television prograaaes 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 
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filas betveen 1893 and 1895. These obviously borrowed from the long 
photographic tradition but aainly called on the process of a photographic fila 
on a roll of G. EASnlAN (1884) vho produced the first "KODAJ.'." in 1888. By 
1930 the electrophone (the naae patented by Thoason) and the 
electra.agnetically cut disc vere widely used. and the sound cineaa supplanted 
the silent cinema. in part due to Lee DE FOREST. In fact the aagnetic 
recording of sound vas also to advance; the considerable iaproveaents in the 
process vhich POULSD had presented in 1900 were slightly held back by the 
dyuaisa of the phonograph. but after llARCONI tried to buy the STILLE process. 
vhich used a steel strip instead of a wire. the collaboration in Geraany 
between a chemical COllpany (I G FARBER) and an electronics fira (AEG) resulted 
in the develo..-nt of a systea using a substrate of a synthetic aaterial 
coated with a .. gnetic track. and by 1934 the tape-recorder vas functional. 

31. Other progress in respect of the valve (or •tube") vas to reinforce the 
so-called industrial electronics and. in particular. that intended for 
ailitary equipment. Worthy of note are the velocity aodulation and resonance 
valves vhich were to result by 1939 in the Magnetron of R.H. -BOOT and J.T. 
RARDALL 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 vith space. which vill be 
.. plified during the third phase, should be noted here. Aviation was to .. ke 
considerable progress as a result of the conflict. The Vl of 1941 was a jet
reactor and the Geraans had, by 1945, the first operational turbo-reactor 
aircraft whilst the first rocket was the first ground-to-ground missile. the 
V2. These developaents provided great industrial support to the techniques 
of information transaission, vhich vere themselves ~dvanced by the impressive 
efforts made during the var. 

32. It vas also space, but above all the var and the huge computing needs of 
the United States Aray, which aade it possible to take a major step forward in 
the processing of information and to make a real entry into the electronic 
era. V.J. E<XERT developed the IBM tabulators, mainly from 1934 onwards, at 
CO'iumbia University; at Harvard University H. AUEN worked in the same 
direction and, with the aid of IBM, built the MARK calculators; ltark I, which 
vas operational in 1944, operated up to 1959 and Vl' .. 'i 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 E<XERT, built the SSEC 
(Selective Sequence Electronic Calculator) which vas not entirely electronic. 
For reasons of reliability classical electromagnetic relays were preferred for 
this aachine which was completed in 1948. All this research work, including 
the previous work of the German ~onrad ZUSE, who produced the first calculator 
vith a recorded program in 1941, or that of BELL vho tried to assist in firing 
computations with a progru.ed calculator in 1946 (his J943 calculator 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 was the efforts made by the US Army which was 
to permit the passage from mechanography or electromechanics to the fully 
electronic machine, the computer. ~t 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 bistabl2 circuits of the Eccles and Jordan type as 
memories. With considerable reticence the US Army financed this project 
which vas 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 tiaes faster than anything which was possible up to that 
tiae. A first complete computer. tnovn under the project naae ENIAC 
(Electronic Numerical Integrator and Computer). was constructed at the end of 
1945 and comaissioned in 1946 (with iaproveaents it was used up to 1955) by 
the US Aray. Its defect lay in the tiae needed to pose the problea to be 
solved since progr-ing required the aanual shifting of a large nuaber of 
plugs. The ENIAC group. in vbich von REUJtAM particpated fro• the end of 1944 
onwards, invented the aodern aethod of recorded progr-ing. EaERT and 
llAUCBLY left the University to found the Electronic Control Coepany: its 
first product (the BINAC for the Northrop Aircraft Company) vas not a success, 
but the second, UillVAC I. which vas delivered to the US Adainistration in 1951 
for census purposes, aerits attention for tvo reasons. Firstly there vas the 
fact that. lacking finance to build it, the inventors offered to sell it to 
three fil'9S: IBM found it uninteresing. Rational Cash Register hesitated for 
too long. and it vas Reaington-Univac which purchased it, so ensuring that 
this coapany retained lOOS of the world coaputers .. rtet up to 1954. 
Secondly there is the fact that UIUVAC 1 bad no really superior successor 
until ve arrive at the third stage of structuring of the age of electronics. 

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

2.3.1. The aicro-electronic basis 

33. A third phase of structuring occupies about thirty years which aay be 
centred around 1970. It allowed the electronics technique to achieve perfect 
pervasiveness which first of all led to the complete electronisation of 
infor88tion handling and thence to its processing and transaission under 
extraordinarily iaproved conditions. This pervasiveness was acquired 
principally by the miniaturisation and densification of signal processing: 
using increasingly reduced volumes it was possible to obtain processing 
capacities which were aultiplied to a considerable extent. The vacuum valve 
in effect gave way to a triode on a solid seaiconductor (ger-anium): the 
transistor (BARDEEN, BRATTAIN and SHOCKLEY) appeared in 1948 aud 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) In 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 vbich was to be facilitated by Fairchild's Planar process 
(1961). What was involved here? The principle of the transistor remained 
auch more reliable than the valve; very much less voluminous it gradually 
became microscopic. On a semiconducting substrate (of silicon from 1954 
onwards), a few square •illiaetres in size, are integrated several transistors 
between which a circuit is etched. linking 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 "•emories" which retain information given tQ them in the 
form of a string of "bits" (!_inary 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 ovn "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 increasfog utilisation of electronic 
components in these. 
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34. The frst integrated circuits contained only a fev transistors and the 
tera SSI {Saall Scale Integration) vas therefore used to describe thea. By 
the end of the sixties integration had becoae aediua (MSI) and by 1970 
aeaories vere available for storing 1000 bits, or lt aeaories (9). At the 
beginning of the seventies integration vas spoken of as being large-scale 
{LSI), the chips containing tens of thousands of transistors, and integration 
vould seea to be doubling every year, as was predicted by G. ltOORE (of INTEL) 
in 1964. !lellories vere holding considerable aaounts of information: 4k in 
1973, 16t in 1976 and 64t in 1978. The end of the seventies sav Very Large 
Scale Integration {VLSI) with nearly a hundred thousand transistors on one 
chip. The coaponent is no longer just a CO!pOUent vben the unit of 
definition consists of seve1al tens of thousands of siaple elements, so why 
not interconnect thea into a coaplex circuit? The .American INTEL fira 
decided to do this in 1971 and produced the first aicroprocessor. This was.!. 
real ainiature aachine for processing inforaation: it can store data, be 
progr..-ed, call for inputs, effect cutputs and, obviously, execute the 
progr~s using a central processing unit of the type used in coaputers. 
Continuing progress on this aother-technology gave us, in 1985, 
aicroprocessors operating on 32-bit words with 256 tbit aeaories. One can 
therefore produce aicro-coaputers vbich, with several chips, can be carried in 
an attache case but are hundreds of tiaes aore powerful than the IBM 650 which 
caae out in 1955 and which was, in current Dollar teras, a hundred tiaes aore 
expensive! The chip aay 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 diagraa s~rises this situation 
which results froa interactions between fundaaental research in university 
laboratories and firms, but also between the ailitary-aerospace progra.aes of 
the public authorities, aainly 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 1-3 ELECTllOMICS CONSTRUCTION IN 1985 
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2.l.2. The developaent of the electronic processing of inforaation 

35. The constructional activity consists of assembling the basic bricks of 
different types during one physical operation. Hovever it is clear that 
success depends on the architect who draws up the plans, on which be conceives 
the whole before beginning to construct it. This non-physical activity 
becOlles all the 110re necessary as the number and the variety of the bricks to 
be used beco.es larger and when their assembly is to result in a 110re co.plex 
assembly. This analogy enables us to appreciate the difference between the 
llARDVARE, vbicb is physical, being the chips aid the .. chines vbich they serve 
to build, and the SOFTWARE, which is non-physical, being the aental activity 
needed to design the chips themselves, the .. chines, th .. ir general llOde of 
operation - the operating systems - and the aetbods of use: infomation 
processing .. chines are 110stly open to a wide variety of uses, for each of 
which it is necessary to consider the necessary piloting. The applications 
prograas, and also those needed for desigc including designing the chips, are 
nov written using information prncessing machines. This illustrates the 
indissociable character of hardware and software in the electronic 
construction industries. 

36. During this period the typical aachine built to this scheme vas the 
co.puter which vas firstly an accounting machine, then a computing machine and 
one which could handle strings o! characters and to process texts and finally 
a machine to process ioforaation 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 aother-technology, and 
the generations of computers are distinguished according to the use made in 
their construction of the new generations of components. The first 
generation of valved computers, started vith the ENIAC (cf paragraph 32)--ga;e 
way to the second generation of 1959 using solely transistors. The .!!!!!ersal 
_!utomatic Computer from the fathers of the ENIAC used magnetic tapes as 
external aemories 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 HIT in 1951 and used in his machine the 
Whirlwind, vith its 30,000 words and 48 bits, in 1953. In the following 
years the UNIVAC Solid State 1 vas entirely transistorised (J.L. PERRAULT, 
1981). At that time these computers vere gigantic machines vhict. 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 (Programed Data Processor) mini-computers, designed by IC. 
OLSEN. Machines which could be used in a research laboratory (or which the 
US Navy installed in its submarines) made electronic computing directly 
available to practically all scientists. The information processing machine 
is no longer an iaaense 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 vith a 
25,000-line compiler program for~nslating into machine code. 

37. This concept was not really confirmed until the launching of the third 
generation in 1965 with the IBM 360. In effect the third generation involves 
the eneral utilisation of lar e-scale cP.ntralised information rocessin 
("informatics" in large companies rather than the specific equi;>ment in 
their laboratories or design offices) and then in public administrations. 
In this way informatics passed from the major university, military computing 
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centres. or large netvorks such as airlirae and other transport reservation 
systems. to large enterprises and ad•inistrations. in particular for the 
aanagement of their personnel and their accounting. Certainly small systeas 
had becoae nuaerous and vere rapidly increasing in number (23.000 in 1965 to 
49.000 in 1970) but they were still •ainly 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 aore widely distributed outside the United States 
with a not ~.nconsiderable production in Europe. and subsequently in Japan. 
The Allerican total. with 3700 general computers. still however accounted for 
45% of the world total in 1965 and 52% in 1970 with 14.000 .. chines. 

38. IBM. vith its 360 series. was the king-pin of this growth. and this was 
not solely due to the progress in hardware. which had benefitted fro• a 
Research and Development expenditure of no less than US$ 5 billion! This 
aachine did not use the integrated circuits which FAIRCHILD had been selling 
from th~ir catalogue since 1962. but only hybrid circuits or aicro-.odules. 
However it is from this date that vertical integration dates with IBM. 
producing its ovn micro-modules and subsequently its integrated circuits. 
Technical progress was more in the softvare with a first standardisation of 
the operating systems which .. de it possible to use a program written for one 
aachine on any other computer in the series. at a time vhen clients were 
beginning to see progruming costs represent major costs which they did not 
want to have to meet again when changing to a more modern and •ore powerful 
machine. This meant an advantage for the client. but only if a nev IBM 
machine vas purchased, so keeping the clientele faithful. There vas further 
progress on the software by the development of a nev standardised EBCDIC code 
(Extended Binary Coded Decimal Interchange Code) vith 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 lover case 
alphabets. accents. punctuation marks. operational signs and commercial 
symbols such as @. &. $, £. %. etc. Corresponding to this the smallest unit 
accessible in the memory vas no longer the vord defined by several·characters 
but the character defined by an 8-bit octet. IBM's R & D expenditure vas 
also directed towards the problems of """'dIS'tribution 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 industrialised 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 simultaneously ronfirmed the arrival at maturity of the 
centralised lar e com ..ster s stems and the ex losion of other conce ts of 
electronic data proce:ssing EDP or informatics through the use of circuits 
with increased densities of integration and of microprocessors. The 
universal computers or mainframP.s also utilised this progress, replacing 
ferrite cores with integrated circuits; the perforated card~, which were the 
last vestiges of the 19th century tabulators, disappeared in their turn as a 
result of the time-sharing system vhich, from 1971 onwards with the IBM 370 
series, made it possible to enter p~ograms 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 
tiaes of a small fraction of a second for considerable quantities of 
information: one billion 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 
ce>11putations these technical possibilities resulted in the birth of the super
coaputers. The first of these was ILLIAC IV, 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 Illinois 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 expendve 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 IBM 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-technigue 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 "hich was the origin of the widespread explosion of 
informatics: in 1985 the world total of these micro-com uters was about 
twenty million (costing less than US$ 10,000 as compared with fifteen 
thousand large systems (costing over US$ lm), 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 but. has also influenced the transmission of information. 
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2.3.3. The mutation in teleco1111DUnications 

42. The unidirectional transmission of information did not undergo any 
aajor transfomtions before those vbich emerged at the beginning of the 
eighties. Up until then land-based radio links broadcast radio and 
television. Hovever 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 vas to combine 
unidirectional and bidirectional transmissions: telephony and television 
were to share the utilisation of the satellites. Froa the point of view 
of the general public receiving and storing the transmissions ve have 
already pointed out (paragraph 33, note (1)) the change to colour 
television and the video-recorder. Another combination vith telephony 
appeared vith the emergence of videotex (teletex): information of a nev 
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 vas launched in France with Minitel in 1983 and vas 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 ht a informatics(*) 
was coming into sight. 

43. The bidirectional transmission of information constitues what may be 
termed a coDDDUnication, 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 tvo coD1Dunicants in 
contact with each other by way of switching syst.!11!!.• in respect of the 
speeds and modes of transmission and, correspondingly, on the nature of the 
communications which were possible. 

44. Telephone switching was initially carried out manually using plugs 
invented by the American JACIC, establishing communication by jo1n1ng 
together two lines on a square switchboard. Research work rapidly 
established a system of automatic switching, each client having an 
identifying number. The fiut 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 Elect~ic (ATT) is still bei~g used to 
some extent th~oughout 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 aut~atic systems with centralised cont~ol. 
ln 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 el£ctronic control 
continues to establish a conventional spatial connection between the sub
scribers through which the aessages are transmitted i~ real time 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 in continuous contact but provides them, for 
example with 4 microseconds of conversation e~ery ll5 microseconds; this 
aeans that it is possible to ~bop up and then reconstitute thirty 
siaultaneous conversations on a single channel of c0111Dunication. The 
tiae-!lllitching 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 ~istortion. 
To arrive at this it is 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 r.oding (into bits). lli 
exchange becomes effectively an information processing machine with analog 
inputs and outputs, but primarily a point of "digital" ~rocessing and so is 
a true computer. The CBET was the originator, in 1970, of PLATON, the 
first time-switched subscriber exchange (for 2000 lines) which was 
commissioned in 1970 at Perros-Guirec in France. This exchange went into 
production by the CGE under the name ElO 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 enterr .. ises with the appearance, at the 
beginning of the eighties, of electtoni~ 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 teleco111Dunications lines on the networks those ser1•ices 
which remained, until the sixties, exclusively carrier services have always 
repres~nted a turnover which was many times larger than that of sales of 
switching or transmission equipment. The carrier senice has rem'lined 
linked essentially to management and invoicing. The unge of services 
offered will be extended from speech communir.ation to the communication of 
data, firstly on the existing channels and then on other~ bec~use of the 
needs of enterprises: they Wdnt to exchange between themselves the data 
which they utilise on their computers so that they can gradually manage all 
their activities and all their multiple installations d·:.spersed over the 
same country, even if this is vast like the United States, ftnd 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 ablP. to ~xtend the 
facilities for. consulting it beyond its normal users or visitors (those 
entering the actual building) who can consult it by means of co'lsc 1.es 
linked to the central computer: why not sell remote consultation? To go 
even further it is possible, when the processing capacity of a large 
comput£r is not all being used, to consider selling its part remote usage 
to a few clients... Face<! with such needs the carriers are often ublic 
bodies (such as the DbT in ~ranee) 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 al lowing access to the telephone to homes and 
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isolated areas without taking the relative s&rcharges on costs into 
account; that i~ to say they have to practise a generalised costing which 
means over-charging long distance coDDunications and under-charging urban 
co11111Unications. The technical progress linked with electronics can only 
accentuate the differences to be compensated for whilst encouraging the 
carriers to offer a service - advanced or value addetf - which vi 11 go 
beyond speech transmissicn: the transport of digital d,;a with addresses, 
temporary storage, the establishment of special higher speed radio or other 
links, electronic 11ail, new terminals, answering machines, radiotelephony, 
teleconferencing and telefaxing. The extreme diversification of the 
possible services, the ways of implementing them and 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 teleco111DUnications 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 A·n, whilst at the 
same time authorising it to propose value added 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 mother-technique towards micro
electronics and have continued to promote the development of telecom
munications techniques using rockets placed in terrestrial orbits, 
catapulted to th~ 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 to 
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 bad 11e>re than 100 members, used 680 land-based stations 
(owned by the aeabcr states) and offered 300,000 telephone circuits vitb 
aore than 1000 international routings and five television channels; it 
also leased transponders to aore than tventy countries for their domestic 
co-unications 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 11e>ve 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 connecteJ in this way. There are also 
national or multinational satellites to organise internal telephonic or 
informatics comaunications, 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 80 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 collll!l1lnications 
vhich,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 links, 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 · F.mission of Radiation). 
This was invented by TOWNES in 1958 on the basis of the MASER (Microwave 
Amplification by Stimulated F.mission of Radiation), of which he was the co
inventor (he al~o shared the 1964 Nobel Prize for physics) 1 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 light 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 tp3Jr attenuation is very high. With an .>rdinary 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 Glas~ company 
succeeded in retaining 40i 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 
vide pass bands. They do not seem able, however, to compete in the 
immediate future with the existing applications for trans•issions froa 
satellites, but they are particularly well suited to very high trans•ission 
rates over short distances {local infonaatics networks) or in hostile 
electromagnetic or electrostatic environments (ailitary co.aunications). 
It is however proposed to put into service in 1988 a fibre optics cable, 
TAT-8, 6600 b long between the United States and Europe, capable of 
carrying 40,000 simultaneous telephone conversations at a high speed (280 
aillion bits/second) and at a cost level of between 251 and 601 of that for 
the previous copper coaxial cable TAT-7. 

Z.4. The inauguration of a new technico-industrial age 

Figure 1-4 : THE STRUCTURING OF THE AGE OF ELECTRONICS 
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Actions are shown by heavy lines with the chronology of the impulses 
in figures: amplifying retroactions are shown by thinner lines and 
identified by letters. 

Source : "Mecatronique et modernisation industrielle", Marc HUMBERT, 
Les Enjeux, N°5Z, November 1984. 
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48. The above diagram shovs hov tvo technico-industrial fields, born in 
the 19th century and reaaining quite distinct up to the start of the 
fifties, are positioned around the coaponents. These tvo fields are 
firstly vbat is teraed in this report "informatics", that is to say the 
processing of information, or rather of data, and to begin vith solely by 
coaputation, and secondly vhat is teraed "telecoaaunications", that is to 
say the transaission of information, or aore precisely on the majority of 
cases interpersonal speech comaunication (telephony) or the unidirectional 
broadcasting of sounds and images. Under the main iapact of evoluti.>ns in 
the mother-technique, vhich becaae vb.at is COlllaOnly called aicro
electronics and which spread into both fields, there vas a prodigious 
expansion of informatics frOIB the sixties onwards which began to be a 
communicating-informatics: with distributed, diviied-up and portable 
operating systems between machines and local networks and the COllmUnication 
of data over a distance between computers, a aoveaent towards the inter
operability of information processing machines capable of working not only 
as calculators using nuabers but of processing texts, iaages and sounds. 

49. Under the influence of these saae causes teleco1111Unications were 
profoundly altered, passing fro• a aoderate usage of the aother-technique 
and of analog aodes of transmission to digital switching and transmission. 
This change is nearing completion in the case of telephony, it aay be 
forecast (cf. I.3) in the case of television broadcasting but has yet to 
coae, and is even moving towards a aarriage between optics and the 
optronics-electronics of lasers and fibre optics. This introduction of 
aicro-electronics is also extending to those services vhich it is possible 
to offer when a telec011DUnication link is established: this nov demands 
the extensive processing of information in order to digitise it, to form i~ 
into packets, to multiplex and switch it and then to reconstitute it. The 
new proximity of these old techniques is principally illustrated by the tvo 
American giants in each of the formerly distinct sub-fields: ATT and IBM, 
each of vhom are attemotiog to establish a footing in those activities 
vhicb vould until oov 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 telecommuoicating informatics, whilst 
IBM has entered the private automatic branch exchange (PABX) field vith 
telecommunications via satellites and major value added networks, 
videotexts, etc. 

50. Every-.1here, 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 aakes it possible to solve 
problems of the electronic handling of information vhich, in general, links 
together local processing and transmission. Whilst communications 
involving long distances and the communication of major quantities of 
information remain the specific field of telec011111Unications, and whilst the 
principles of the el6ctronic manipulation of information continue to 
constitute what ve 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 fiP.lds are able 
to meet the specific and differentiated needs of workshops, offices and 
private homes vheo existing equipment is being renewed. Mecbatronice 
("mecatronique") should thus lead to a nev 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 
acti•Tity which could be termed cerebrofactive. 
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Office inforaatics ("bureautique") brings vith it the in-depth transformation 
of all office activities: filing. classifying, the productions of original 
documents or copies of thea. even internal printing and distribution in 
organisations not involved in such activities. have all becoae possible and 
have made it pos~ible to go beyond the "inforaatised" aaaageaent of personnel 
and accounts. Finally doaestic equipment is itself in the process of 
transformation vbich deaands certain specific developments. This is not just 
a matter of converting the telephone into an intelligent terainal. of 
associating vi th it the television receiver and the tape recorder• or of 
making the ca.pact disc evolve towards a peripheral for a aicro-co.puter. but 
also of "cabling" the h'>use so as to aake it intelligent, to ensure its 
security and air conditioning and to operate, if necessary by re.ate control, 
the various appliances for household service and production: boae inforaatics 
("doaotique") also constitutes a kind of nev product-coaplex in the saae vay 
as aecbatronics or office inforaatics and calling on the saae tecbnico
industrial electronics coaplex. 

51. Finally the level of aaturity attained by the tecbnico-i~dustrial complex 
bas led to an extreaely iaportant evolution in regard to not only the 
manipulation of the inforaation but in the inforaation itself. Inforaation 
bas no existence unless it is c011BUnicated (or is at least c01111Unicable), and 
this requires "the 'foraatting' of a material substrate" (L. GILLE, 1987, p. 
30) to constitute an original vhicb vill then be delivered in that fora or 
after duplication. Vitb the Pxception of that vbich is experienced vithout 
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 co111DUnication service, is increasingly being carried out vitb 
recourse to electronics which increase the performance of the service. From 
creation to reception, through vriting, 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 coaaunication, 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 comunication 
(HUMBERT, 1987, p. 43), the alphabits which constitute the elements which are 
processed by the basic bricks of electronics construction. Tb~ new technico
industrial age which is being instituted is clearly also that of 
coaaunication. 

3. TECHNICAL PROSPECTS FOR THE EIGHTIES 

S?. The technical evolution of the coming years will be principally in the 
bands of thor;e actors vbo are at the preset time dominant in the technico
iadustrial 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 SWllllary of a 
considerable quantity of information extracted from professional journals 
which have not been systematically quoted elsewhere. This su111111ary confirms 
the pertinence of the approach whi~h we have adopted in the previous sections, 
and so allows us to set out the prospects for the eighties as being those of a 
period of the deepening and extension of the coverage of the technico':' 
industrial complex, the contours of which have already been well defined, ~ 
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not as nev ruptures in the coaplex. Evolution vill be pursued around the 
saae .other-technique but also by vay of increasing interactions vith certain 
contributory techniques, especially opto-electronics. The advance of .!!!!, 
digitisation of infomtion vill principally affect the field of television 
(and aore especially audio-video tecnhiques) and the field of netvorks, 
particularly the important aatter of the ISDN, the "Integrated Service Digital 
Revorks". These extensions of capacity, coupled with increasing povers of 
processing, will draw all the inforaation processing aachines increasingly 
tovards the processing of knowledge with on the further horizon, extended ISDR 
services, the Artificial Intelligence of the fifth generation coaputers, the 
intelligent house of hOlle informatics and the factory vithout men of 
.echatronics which will give a stiaulus to and provide the final objectives 
for the efforts aade in the coaing years and up to the year 2000. 

3.1. The deepening of the aother-technique: progress on the building bricks 

53. Developments in the density of integration of the basic bricks, of the 
chips and aore particularly the aeaories, bas constituted an essential element 
in passing to the age of electronics, making it possible to incorporate 
inforaation processing aachines into aost activities (see Chapter II). 
Requirements in tespect of density of integration, that is to say for 
processing even larger quantities of information, remain potentially very 
considerable and open up the possibilities of operating in all these 
activities with improved perforaance. Is it possible to envisage the 
~ti.nuance 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 Dynaaic 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 ROBIEH, 1986, pp.52-53) and in which we 
participated. Several factors intervene in increasing the level of 
integration : 

(;) 

(ii) 

(iii) 

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. 
which defines 
techniques for 

The elementary criterion is defined by the surface 
the intersection of two lines, the pixel. The 
draving on the subs~rate are obviously important. 

Design features Designers endeavour to store one bit of 
inforaation using the least possible number of pixels, where N is 
this minimum nuaber. It 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. 

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. Hovever S vill remain 
limited for at least two reasons: the first is that efficiency 
falls very rapidly with the surface area and secondly because the 
power which is dissipated increases rapidly (even if it decreases 
with the width of the line). The following table summarises 
probable dP.velopments 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 (aicrons) 60 2.4 2.25 0.15* 
Pixel (aicron1 ) 3600 5.76 0.0625 0.0225 
R (pixels/bit) 100 12 6 2.8 
R (I) 36 52 60 75 
s c-1 > 1 35 100 200 
Bits/circuit 1 256 tbit 18 tlbit over 1 Gbit 

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

Source : De ROBIER (1986, p. 53) 

55. At the present tiae 1 tlbit aeaories (1 Mbit • 1 aillion bits) are being 
sold which contain two aillion coaponents. Saaples of 4 tlbit aeaories, vith 
a line width of between 0.8 and 1 aicron, have already been produced by the 
aajor 11anufacturers who promise saaples of 16 tlbit aeaories in 1990. Their 
laboratories already envisage the production of 64 tlbit aeaories which could 
thus be in aass production towards the year 2000. In the following 
paragraphs we give some inforaation to highlight the certainty of these 
prospects, the iaportance of which is considerable. In particular it iaplies 
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 saae rate, these iaproveaents in performance, at least up to 
the year 2000. Furthermore, and even if the technical development of the 
basic bricks then falls off the tiae-lag in their utilisation in electronics 
construction will ensure that the latter enjoys some supplementary years of 
rapid evolution. It is obviously iapossible to forecast with the same 
certainty what electronics construction will achieve with these future basic 
bricks. However one aust 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 components. 
The problems viii have to be resolved by using the tools which the electronics 
construction industry vill be developing for itself, and which will tend 
towards artificial intelligence: ve 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 ti11e, is claimed to be unusable belov a vidth of 2 microns. After 
having produced a mask this is reduced optically using the lens of a reducing 
appliance, and this drawing is then repeated over the entire surface of tbe 
disc of silicon, or wafer: in this vay 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 equipment. such as ASK Lithography. offer optical 
photo-repeaters capable of production vriting of 0.6 air.rons and fitted vith 
lenses operating at a wavelength of 0.365 aicrons. Such equipment vill 
permit the production of 4 Mbit aeaories. They are also preparing for photo
repeaters vorking vith light Cin the ultraviolet section of the mercury 
spectrua) vith a vavelength of 0.248 •icrons and which will allov ainiaua 
draving widths of 0.3 aicrons. The difficulties vbich still have to be 
resolved vben producing 4 Mbit and 16 Mbit aeaories froa the side of the 
lithography equipment relate to the accuracy of positioning and the respective 
110veaent of the .. rts and the substrates, and this vill certainly be obtained 
by integrating automatic alignment systems. 

57. The second technique available today is that of X-ray photo-repeaters. 
The equipaent available today is satisfa~tory dovn to design criteria of 0.5 
•icrons; the nev equipment, using synchrotron sources, vill allow drawing to a 
aini .. vidth of 0.2 aicrons, that is to say it will aake 64 Mbit aeaories 
possible. It should also be recalled that the NTT laboratory announced in 
1987 X-ray drawing dovn to 0.01 •icrons... Clearly lithography is not a 
limiting factor. There is in addition a third technique, that of direct 
drawing vith an electron beam. This technique has not been widely developed 
since although it does not need any aasks, vbich could .. ke it attractive for 
short runs, the cost of the equipment is extreaely high and the exposure times 
are very long. In practice this is still a laboratory technique, but one 
vith potentially very high precisions of very auch less than one micron. It 
offers potential for the pursuit of the ainiaturisation 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 nov competitive techniques vhich utilise a reduced energy of ion 
bombardment whilst allowing greater selectivity. These techniques such as 
MIE (Microwave Ion 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 saae diabolical rate as the simple memories, even if their integration 
density follows. The reason for this is obvious: they are already extremely 
complex systems. Certainly they have their ovn 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 vas 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 shoved 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 
teleco11DUnications 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 no interest is seen in 64-bit microprocessors: 
many applications are still happy vith 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 h6lf that of the global sales of 
microprocessors. All forecasts are agreed in considering that the annual 
rates of growth of sales vill remain very high (of the order of 25% in volume 
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and 18% in value), even if the :.-ates of grovth for 16-hit and 32-bit 
a1~roprocessors vill be higher than these figures. The technical eVG:ution 
is that of the .. ssive diffusion of these basic modules for inforaation 
processing and by the aiddle of the nineties the annual production is likely 
to be in excess of one billion aicroprocessors. The following figure 
provides two diagraas illustrating the evolution of integrated circuits and of 
aicroprocessors. 
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Figure 1-6 THE EVOLUTION OF INTEGRATED CIRCUITS AND MICROPROCE3SORS 
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60. The ~volution of •icroprocessors could bovever be marted by some 
happenings. In each category of •icroprocessors ther~ are several 
generations, and in 19G8 there appeared no~ only new generations froa the 
usual manufacturers but also a nev concept vith the TR~N aicroprocessors from 
the Japanese manufacturers. TRON provides a nev concept of the operating 
systea at the same time as the American aanufacturers see• to be •oving ahead 
by abandoning the conventional CISC (COllplex Instructio~ Set Computer) 
archit~cture to aove towards an RISC (Reduced lnstructicn Set Computer) 
architecture which .. tes it possible to obtain more from the saae .. terial 
potential. Further.ore many applications do not use aicroprocessors directly 
but rather aicro-controllers which consist of a aicroprocess~r, i~put-output 

devices, peripheral aeaories. clocks and counters, ell on the saae chip. 
Sales of these in 1984 were more than four tiaes greater than microprocessors 
alone. These are aicro-systeas for information processing, more specialised 
than aicroprocessors, soae being intended for video recorders of telephone 
exchanges (vi th 4-bit aicroprocessors), others (vi th 16 bits) for control 
functions in automobiles, etc. Most of the aicroprocessors are theaselves 
intended directly and alW>st exclusively for use in aicro-computers, such as 
IITEL's 80286 for IBM's t>C-AT and for all its "clones". 

61. It can be clearly seen how the unitary component, because of its extreme 
density of integration, aore than ever - and apart from the aemory circuits -
constitutes a system which has to be found very near to its application. 
With the exception of systems offering major outlets in relatively 
standardised products such as micro-informatics, automobiles, mass consumer 
electronics goods, ISDN and perhaos its terainals of tomorrow, integrated 
circuits have to be defined as a function of specific applications and be 
proruced on a relatively small scale which does not make it possible to 
aehiave 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 customiseG, made-to-measure or 
personalised circuits, will therefor~ continue to be seen. Fully made-to
measure or "full custom'" citcuits will, because of their high cost, -:-emain 
restricted to very limited fields (military applications), whilst the 
prediffused netwolts or "gate anays" vherd the connections are made as a 
function of the application, or the "standard c~ll3" produced from a library 
of precharacterised cells, should continue to develop. With the cloning of 
IBM's PC's or its nev PS's a number of firms are offering ASIC'~ in addition 
to their microprocessors. Texas Instruaents is iteelf offering, through its 
Japanese sub•idiary, an assembly of five intee:-ated circuits for use in a 
PC-AT ••••• 

3.2. Speed and facility 
standardisation 

in co11111Unic!ltions: OEto-electronics and 

62. Apart from the fineness of the writing and etching of circuits, which 
allows their miniaturisation, there is also the problem of the cortc'!n::r-aticn 
of very many components on a very small space; on the oae hand this makes a 
greater speed of reaction poaaible whilst on the other it leads, because of 
th..:: concentrated contmmption of electricity, to too ..'ligh a level of diui2at_!~ 
.!!!.!!.· In this latter field th~ possibili~iu of •upercot1~uctivity and its 
properties discovered at tena,eratures which are moving steadly away fr~ 

absolute zero ir. a number of ceramics, t.ogether with the ~nnoun~em~~t in April 
1987 by IBM Zurich of "a simple w:>tlcing micro-electric device with spnved-on 
ceramic superconductor", 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 eleetrcnics cannot he predicted c~er t~e 
next dozon years. Many other promising fields have been the subject ~f 
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laboratory work over the last twenty years, such for example as the Josephson 
functions: for the tiae 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 
IIl-V coapounds in the atoaic table have predicted a wonderful future for 
Galliua arsenide, GaAs, as a replacement for silicon. The fact is that this 
aatcrial allows greater rapidity (see Table I-7) but vith a auch lover density 
of inegration. It would seea that this tiae GaAs will leave the field of 
discrete coaponents (of opto-electronics and high frequencies) to enter that 
of digitised integrated circuits (in France Thomson Hybride et Kicro-ondes has 
opened a foundry departaent). 

3.2.1. The search for technical combinations 

64. It vould seea in fact that there has been a further and aore extensive 
questioning of the distribution of relative performances according to the 
categories of integrated 'circuits, and that the coaing years vill certainly 
belong to the heterostructures. 

Sou1ce 

Figure I-7 : THE RELATIVE PERFORMANCES OF INTEGRATED CIRCUITS, 
ACCORDING TO THE TECHNIQUE 
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65. Until recently the integrated circuit~, almost entirely built on a 
silicon substrate, were subdivided into two main technical categories. .!!!!. 
bipolar circuits, the more rar-id circuits which are controlled by an electric 
current, use more electricity and hence dissipate more heat than the .!!Q! 
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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 tt·erefore 
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 aore integrated. In the MCIS group 
there are the N-MOS and P-MOS types (according to whether the aovenents of 
electrons or holes are utilised) but it is now the CMOS (Complementa~y Metal 
Oxide Seaiconductors) which are by far the most widely used; special 
applications have led to the production of SOS (Silicon On Sapphire) and CCD 
(Charge-Coupled Device) circuits. Kore generally it has been found that the 
CMOS are easier to produce. aore 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 advantage~; 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 transistors are. 
in particular. used as rectifiers (thyristors and silicon rectifier diodes) at 
high powers. On the other band one can oov see the arrival of very rapid 
bipolar transistors (such as TbOllSon's ETD) which should replace the MOS in a 
owaber of situations. At the saae ti.lie an increase in the power of the MOS 
is forecast; models are announced for very high 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 involves. as bas gradually been done 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 witb 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 muse 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 
programe, launched in 1983, should end in 1990 with the expected success; 
this will certainly be less spectacular that that of the VLSI programme but, 
a11ociated with the plane integration densities of the period, it should 
produce remarkable products in the nineties. 

68. One of the logics providing an impulse towards the development of these 
3D circuits is the deBire 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, solution is to 
aan•.1facture 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 i~ 
tvo diaensions or in three dimensions. The feasible solution is then the 
hybrid circuit which is half-vay between an integrated circuit and a printed 
circuit. There are certainly standard hybrid circuits (amplifiers and 
converters), but withi4 the logic of its development this circuit is one which 
should correspond to one application and so should be .ade-to-aeasure. With 
an extremelf 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 ful~illed by at least an entire assembly of components arranged on a 
printed circuit board. 

69. It is the concept of hybrid circuits which is at the origin of the SKD or 
Surface Mounted Device which can be used in all printed circuit operations and 
facilitates the techniques of automati~ insertion: this technique is likely 
to become more widely used in the coming years. Connecting the components in 
circuits, in particular printed ones, poses the problem of the size of the 
pins "#hich 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. Kost types of components are available 
today and can be inserted concurrently on a same classical epoxide resin 
printed cil:cuit 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 SKD components and their soldering by remelting. This 
technigue 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 sul:.strate, 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 potenti.31 industrial applications should take 
pla~e by way of a very considerable extension of the hybrid circuits technique 
which 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 technigue 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 cc.uld if necessary be on a single surface mounted printed circuit 
bol'rd - 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 featureir 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 dist~nt, of such a kind that 
one can use the tena coaaunication, is a search vhich, 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 coaaunication takes place over one aetre or thousands of 
kilometres, and if it is still a point-to-point comaunication, 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 in 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 vhich vill permit the transfer of 
information at speeds greater than 100 Mbits per second. In 
telecommunications the satellite still remains of interest for COllllunications 
involving multiple points of arrival, such as television, teleconferencing and 
private net11orks. By contrast in basic networks, such as the telephone or 
the future ISDR, 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 vill continue to rise in a spectacular manner to 
make the nineties the decade of fibre optics in respect of point-to-point 
coUDUnication over a distance. 

73. The particular problem which is posed in telec~;amunications 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 
vhich could, theoretically, ~e from a hundred to a thousand times faster th'~ 
the highest performance machines now available. However 1ibilst optico.;. 
switching seems to be on the direct technological trajectory ophcal computers 
seem, by contrast, to be less on the direct line even if potentially more 
strategic from the industrial point of view. 

74. If therefore certain dev1 :lopments are to be considered only in terms of a 
distant future it is still the case that many opto-electronic components 
( botons <--> electrons) were develo ed some time a o. Lighl-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 laborato~ies 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 O. 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 lights 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 colllllUnications 

75. The gains which can be obtained from the age of electronics, as 
co.pared with the situation in the age of steel, are linked to the rap~dity 
and efficacy of CCMmUnications. This requires that the coaponents control 
their internal c011mUnications rapidly, that co..unication between the 
coaponents in a system is rapid and that comaunication between systeas at 
•re or less of a distance are also rapid: at the saae tiae it is 
necessary that this comrunication is efficient, which aeans that the 
various c~nicating points speak the saae language and possibly also 
operate in the same .. nner. This is the field of standardisation. 

76. The International Standardisation Organisation (ISO) is the 
internationr.l body responsible for standards: it has developed the ~n 
Systeas Interconnection (OSI) model, which has seven layers, to facilitate 
the interconnection of systeas which thus becoae open. Since the 
beginning of the eighties this model has met with considerable goodwill 
from the major electronics construction firas in Europe, the United States 
and Japan vho vish to see information processing .. chines evolve in this 
direction, that is to say to permit not only "interconnection" but also 
"interworking". 

77. In most of the specialised fields of comaunication 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 vait until 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 
comunicability between machines in a company. General Motors required 
its suppliers of information processing equipment to make inter-functioning 
and co111Dunication 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 vill lead to major progress in 
regard to standardisation and hence to the possibilities of inter
functionins 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 living-room 
appliances, the increased intelligence of all the existing appliances ~ 
the extension of the electronics conce t t~ all domestic electrical 
appliances "white goods" , an indispen11able prelude to the effective 
appearance, after the year 2000, of the intelligent home and the coming-of
age of home informatics ("doraotigue") providing for the generalised control 
of all the domestic functions. 

c 
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79. Amongst all the products vbich have appeared in recent years ve can 
note certain expected but uncertain technical evolutions. for example the 
competition betveen re-writable optical discs on the one hand and video 
recorders and digital tape recorders on the other. Further110re it is 
probable that personal office tools vill aake their entry into the hoae in 
an appropriate fora: aicro-coaputers and laser printers. telephone 
terminals linked to the developaent of the ISDN and 110re complete in their 
functions than existing answering .. chines and the French Mi.nitel. In 
this field one .. y expect a proliferation of technically ainor innovations 
vhich are guided by newly created .. rltet opportunities vhere .. rlteting 
strategies will be deterainant. .Allongst such exaaples are digital 
photography to be produced on paper by a printer. 

80. However the .. in event in .. ss consuaer electronics 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 vill be 
certain television broadcasts able to reach nearly half of the inhabitants 
of the planet by the year 2000. alaost simultaneously (apart from some 
tiae-zone lags). The Olympic Ga11es at Seoul vill be only a pale 
reflection of vhat is likely be seen in the year 2000 as planetary cultural 
rites. Such broadcasting at global level. vill .. lte increasiag calls on 
the satellites vhich vill continue their technical developaent, whilst at 
the saae tiae it vill be integrated in various national networks, either 
ISDR (see belov) or specific networks. Technically it will be associated 
vith numerous other advances: major p1ogress in integrated circuits. the 
development of specific circuits for i .. ge processing (see paragrapg 67 on 
JD circuits). for the coding-decoding and compression of signals and also 
in the technical development of c&A1eras and the transmission and receiving 
systems. particularly antennas and screens. Furthermore many other 
domestic appliances will need to be connectable to the domestic television 
set vhich vill receive the high-definition broadcasts vhich could, for 
example. offer a number of sound channels in various languages to go with 
the same vision channel. Such aspects underline the considerable 
magnitude of the challenges linked vith this technical evolution vhich will 
take place during the nineties. 

81. Again one of the major problems to be resolved here is 
standardisation: it is this vhich will ensure the global character of th~s 
technical evolution an~ which will specify the technical trajectory along 
vhich it vill 9 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 
nov 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-Nyqu~st Sampling Encoding) for "Hi-Vision". the 
commercial beginnings of which could take place in 1990. In 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 
multiplexing). The Japanese 1ystem marks a complete break with existing 
teievision 1ystems and lead• imediately to a high-definition television 
which i1 already almost operational. The European 1y1tem 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 1tandard which should be the equivalent of 35mm films and 
then, in the case of the Europeans• ti . ..: move from D2-MAC to HD-MAC. The 
Americans, at first relldy to support the Japanese project, have no11 come 
round to the European project, paricularly after the purchase of RCA/&E by 
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the French Thomson company. Their transitory phase would be their ovn. using 
the ACTV (Advanced Compatible Television) systea. making it possible to 
advance from the existing American NTSC standard ( vhich is also used in 
Japan). The technico-industrial character of this evolution. the iaportant 
character of which has been pointed out above. is closely linked "ith an 
international legislatory decision and to its effective adoption by the 
nations which will open profitable .. rtets for the products developed 
according to these technical standards. 

3.3.2. Integrated Services Digital Bctvorks (ISDN) 

82. Technological advances in recent years in telecomaunications have been 
linked to their digitisation and based on the fact that the different types of 
equipaent used have becoae information processing machines. certainly directed 
towards specific applications and for which iaproveaents in performance 
depends on that of the integrated circuits. so allowing aore rapid and easier 
COllmUllication (cf 3.2. and 3.2.1.). This is obviously the result of the fact 
that the electronics industry is an industry building complex 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 iaages with sound in the longer term. 

83. Technical evolution. which is certain to take place in the nineties, vill 
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 technical 
trajectory followed will be made in the coming years: In Europe, within the 
framework of the RACE prograaae. 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 bod), 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 application~ 
and which, not having a publjc 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 teleco111DUnications 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 •uch as large exchanges, private exchenges or 
terminals, or the basic bricks for them, still constitutes ~ 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 
Funce, will continue to link the clasdcal telephone network to a digital 
network for the transmission of data in packets, using concentrators. This 
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aeaos the co-existence of two technical concepts: a unive~sal analog netvork 
for circuit switching and a digital netvork for packet switching. The 
European idea is to mate these tvo concepts converge• users having only 
liaited access to the nev potentialities as long as they remain analog 
connected and/or analog switched to the digital network. The Japanese 
approach. under the naae Information Retvork Systea (INS), seeas to be very 
aabitious. but perhaps in the longer tera apparently universal, but in fact 
110re enterprise orientated. The 11e>re pragaatic Borth-American approach 
seems to be clearly directed towards the iapleaentation of non-universal 
networks which are dedicated to specific applications (the Wide Area Retvorks) 
or intended for specific users with coapetition between numerous operators for 
these VAR or Value Added lletworts. In both cases enterprise users are 
privileged. 

86. In all cases telecommunications services with a wider band than those of 
the existing telephone netvorts wil! be offered, during the nineties. io a 
gradually extended aanner. The services offered vill be initially of the 
first generation ISDN type, for which initial international standardisation is 
in band. One still speaks of narrow band ISDN with channels handling 64 
tbits/second. '!':1is network, with relatively wide access, should be 
established fairly rapidly in Europe; nevertheless by the year 2000 it will 
constitute a basic characteristic and will therefore govern technical 
developments in coaponents and equipment. 
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Table 1-8 : INSTALLAT!ON OF A FIRST-GENERATION ISDN IN THE EUROPEAN COUNTRIES 

Country 40% 40% Year of 50% availability 
digitised digitised launch of for 
trans .. ission switching ISDN professional usage 

Belgiua 1995 1995 1985 1996 
Deimark 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 
Retherlands 1987 1995 1986 1995 
Portugal ? ? 1995 -
Spain ? ? 1987 1993 
Vest Geraany 1986 1990 1986 1989 

Source s. GRASSET "L'Europe du UIS dans les annees 90", !DATE 
Bulletin Ro.25, Rovetaber 1986. 
c. RAMELin "Dealing with global networks, a descriptive 
study", Tilburg, 30/31 Octobe~ 1986 

After FAST II, Dossier Ro.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 Kbits/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 vhicb is beginning to 
be called in Europe the Integrated Broadband Comunication Network or IBCN 
within the framework of the European RACE project. 
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Figure 1-9 EVOLUTION OF INTEGRATED SERVICES DIGITAL NETWORKS 
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(GAP) pour l'inlroductioa c:oordonMc du ll&eau Num&ique l ln1igrarion des Servica clans la 
communaur~; BrvxeUes, S juin 198.S; Proposals by die •Analysis and Forecaaing Group (GAP) ror die 
coordinated inlroduction oC droadband SeMca in the community ;·Brussels ; oaober 16, 1986. 

~ : FAST II, Syath(se des rlsu/tms. sous P'Plfammc comrnuaicqtion, f"arst 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 in regard to 
switching to a not inconsiderable extent during the nineties. It is not 
possible to envisage all the tecbnico-industrial problems vhich are still in 
suspense; we will aerely look here at one of the important questions for 
technical evolution. Tt.e decisions will be taken within the framework of the 
CCI'IT {International Telegraph and Telephone Consultative Comaittee) which. 
for the time being, bas defined only two types of access, a basic access at 
144 kbits/s (2B+D) and a primary access (30B+D) of 2048 Kbits/s and bas 
provided for five interfaces (R 9 S9 T9 U and V) which have still to be 
standardised. 

89. The ISDN is based on the standardisation of speech at 64 lcbits/second 
with transmission by synchronous real-time multiplexing (cf paragraph 44). 
The development of signal cOllpression techniques means that today less than 16 
lcbits/s will be sufficient for the transmission of digitised speech: the 
reaaining 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 fil 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 malting it flexible. Two technical trajectories are 
proposed today. The North Americans, with Arr, envisage Fast Packet 
Switching (FPS) in the case of Wide Band Packet Technology (VBPT). 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 coa:munication 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 1-10 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 DEVELOPKEHTS IN SWITCHING TECHNIQUES 
AMENDMENT TO THE ISDN 
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r!!1§ : WBFT : W'lde Band Packet Technology 
FPS :Fast Packet Swi1ching 

~ : O'apra Y. GASSOT, IDATE, Telecoms Magujnc, o• 10, Dec. 1987-jaovier 1988. p. 18. 

3.3.3. Software and artificial intelligence 

90. Every information processing machine uses an operating software which 
ensures that the aachine 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 accCHtpanied 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 fir11Vare 
or applications software programs vbich can be used without any special 
knowledge and vhich facilitate the use of the hardware for processing 
information: in the case of typical applications these are termed dedicated 
progrw. Until recently the techniques for writing the software had not 
developed greatly and r ... ined essentially new, whereas there bad been 
considerable developaents 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 1oftware 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 proce1sing machines. 
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91. This importance of software is reflected in the number of coaputer 
scientists who have to be devoted to software development. Hardware 
aanufacturing enterprises must have them for the operdting system; however in 
the case of applications software only a minimum number of staff may be 
needed, allowing other fir.s to grasp this opportunity. In certain cases, 
that of dedicated hardware, all the software bas to be designed by the 
aanufacturer, for exaaple in the design of a switching exchange. Thus in the 
networks division of the BELL Laboratories of ATT 90re than 40% of the 
technical personnel are engaged on software developaent, This trend is 
likely to increase in the coaing years and to become 90re widespread: .!!!!!. 
than 60% of working tiae in the production of electronics goods should be 
spent on the software. 

92. Such a trend will lead to progress, probably in software engineering and 
the appearance of vhat 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. Ve 
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 manner in which they were 
written. In a similar way this will facilitate their transfer to other 
hardware with different characteristics. 

93. This continuity in the utilisation of applications programs, vhen the 
hardware changes, bas become a considerable constraint, in particular in 
informatics. Informatics hardware is not dedicated but universal, and users 
have, thirty years after the appearance of informadcs, 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 comaunication between different systems (cf 3.2.3) , has 
led the major manufacturers to try to define 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 bad been improved in 
the American universities and then marketed in 1983 by ATT under the n£me UNIX 
System v. Its qualities led to its being widely adopted, and even IBM 
produced machines working under tb~s system. . However the chance operation of 
economic and industrial strategies lP.d ATT to make an agreement in October 
1987 with a dynamic work station manufacturer (SUN) for the development of a 
nev 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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94. Software evolution vill also involve the lllUltiplication of the expert 
systems which font the special field c~ vbat has been teraed artificial 
intelligence. This involves establishing within a given field a database of 
knowledge vhich is that of the expert, or of all the huaan experts in this 
field, and to develop a software capable of handling from this database any 
problea in this field, in the sa.e way as an expert vould do it. The first 
systems were: written in the seventies and vere particularly developed as an 
aid to the d·:.agnosis of certain lledical probleas. Up to the present time 
they have been written in LISP (List Processing) or derived languages. The 
new generation of computers - the project for o fifth generation launched by 
the .Japanese in 1981 - depends on using the Prolog (Progr-ing in Lo~ic) 
developed by a French engineer and this, from a certain point of view, 
constitutes an attempt to develop a universal expert •achine. 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 software research, of vork on 
establishing databases of knowledge and dso of progress in the b.ardware. 
Apart frroa a larger number of expert systeas t.?!P dP.velopment of highly 
siaplified 110des 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 fora some of the points for technical 
evolution in the coaing years. Figure 1-11 sumaarises the forecasts made by 
a .Japanese body belonging to the MITI • 
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EVOLUTION IN ARnFICIAL IN'IELLIGENCE 
ACCORDING ro Kin (.JAPAN) 
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4. EVOLUTION OF PRODUCTION CONDITIONS 

4.1. The gene~al characters of a ll1llti-intensive dyuamie 

4.1.1. Highly dynamic conditions 

95. Whatever the product of electronics construction the fact that it 
belongs to the same technico-industrial complex is reflected by the sa.e trpe 
of evolution in its production conditions. 

96. This is principally .. rked by the relatively rapid and extensive 
renewal of the characteristics of the product which has to fulfil the same 
function or to render the same service, but vith clearly superior performance 
and at a cost which is lover in absolute terms. Information processing 
aachines llUSt always be less expensive, smaller and faster. Figure I-12 
shows this evolution at more or less constant annual rates for general 
coaput~rs since 1971 (and the IBM 370), the supenainis since 1977 (VAX) and 
the supermicros since the IBM-PC. 

Figure I-12 COMPUTERS AND INFORMATION PROCESSING: 
CHEAPER, FASTER AND SMALLER 

Million S/Mlf'S 
10.0 Price 

Cubic feet/MIPS 

1.000 
Physical Size 

MIPS 
1oor-~~~~~~~~~~ ........ 

CPU Speed 

1.0 10~ 

.1 1 0 

Supermrc:ros 

. 01 ........................ ._..__._ ....... _._....._................................ 1 ...... _._ ........ .._.__._.L.....>_._..._ ....... _._...._.._. 1._. ........ ...._ ....... _._ ........ _.__._ ........ _.__._l...J 
1970 74 78 82 86 1970 74 78 82 86 1970 74 

~ 1. Ml'S-mAon~l*MCOfld 2. lirigle...-•-model•~ 3 CPU-c-,.rprocn-
loww: ......... T,..,Ad••liWWWWL 

Sum: U~Ci. lnduscrial Oullook, 1987, p. 28-3. 

78 82 86 

97. In more concrete terms one may note that prices are falling in absolute 
!!!!!!!, vith 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 bad fallen to US$ 
2580, less than half the launch price. THis price was to be maintained up to 
March 1985 (Business Veek, 25/3/1985). 

98. In the case of products which do not have large sales figures it is ~ 
price in absolute terms of the basic service provided which bas fallen 
spectacularly. In large system informatics this may be illustrated by the 
price per million instructions per second (KIPS). Table 1-13 shows this 
significant decrease for different models in the IBM large coaputers range. 

Table 1-13 : MILLIONS INSTRUCTIONS PER SECOND (KIPS) PERFORMED BY VARIOUS 
MODELS OF IBM COMPUTERS DELIVERED BETWEEN 1965 ARD 1987 

I l'Ddel I Ye•< of delivery I KIPS I US dollus/KIPS I 
1~-------------------1--------------------1------------------- ~-----------------· 
I J'O/SO I 196S I 0.2 7 011 000 I 
I )70/HS 1911 I 0.6 2 667 000 I 
1 170/lSI l97l 0.9 l 621 000 
I )70/lS&-l 1976 l.O l 614 000 
I JOll 1978 l.l 909 000 
I lOllS4 1981 2. 4 492 CiilO 
I JO Ill-! 198l ,. .o JS4 llOO 
1 JO 83-.:XO 19d!i> l. 2 277 OUO 

1 1090-ioo uas 2'1 • .> u2 ooo 
1 lO'i0-4110 1987 ~.o 189 000 

-----------------------------------------------------------------------------------

Sum: The Telecommunication lndllilry - Growth ilGd sLructuraJ change, E.C.E.-Unitcd 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 1-14 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, bad a 
working life of a year and a half, weighed 13 kg and could handl~ 480 
telephone channels (bandwidth 50 MHz). Progress in launchers made it 
possibl 6 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 techniques - and capable of handling 80,000 
channels with a bandwidth of 3.5 GHz, aore 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 aay be considered that systP.ms 
will continue to follow the same trend. This is shown by all the forecast 
calculations, such as those for this same comnunications satellites sector. 
Table 1-15 confirms this for us. 

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

l~~AT I ~rtb I 
'fe•c le•se I se-s-nt I ~t.•1 ~.,,,st. I 

cb•r9e I cost:. I ! 

---------- -------------!------------ --------------1 
198) 4 680 I 8 820 ll S'JO I 
H84 4 .HO I I 1"'0 11 soo 
1985 4 000 I 7 40il !l 400 
1981i l 6SO 6 810 lll uo 
1987 l 2411 6 170 ) 4l0 
1988 2 i>!>ll 57~ ll HU 
1911? i 2JI) S 2SO 1 .uo 
1990 1 9j;J 4 800 6 7l0 
li91 l 6Jil 4 l70 6 oso 
1992 1 4~il • uoo S Ou 
19!1) 1 iSoJ l 70•1 4 9Sll 
1994 1 070 J lW 4 4~il 

199~ ~lll l 100 4 Olil 
1996 7;0 2 1170 l 1>40 
19'17 6'0 2 640 l JOO 
1998 S60 2 4)0 2 ,.,., 
1999 48() 2 240 4 720 
2000 41(1 2 oso 2 460 

Sum : The Te/ecllmmunication Industry, 1987, 01>. cit., p. 37. 

101. More generally in the telecoaaunications industry the element 
comparable to the ~volution 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 ?er 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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~ : Th1: Telecommunica1ion lndusuy, op. cit., p. 39. 

102. Inadar as the industry appears to be an assembly industry, vhere 
performance and prices improve because of progress in components, it might be 
thought that production coli~itions are of extreme interest stnce they 
certainly ensure outl1!~~ vhich, because of this progress, are rapidly 
increasing. This apparent facility masks the multi-intensive character of 
production. 

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

103. n,e intensity of technical progress requires constant alertness if one 
is to be able to profit fro~ 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 116chine or any given system 
for the trans~ission and processing of information. This situation gives an 
advanta3e to producers who are very near the component manufacturers, at the 
sa.-:ae time that the components increasingly become systeu.s, as is shown by 
Figure 1-17. 
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Figure 1-17 
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Smu:tt: Japan Electronic Almanac, 1987, DEMPA, p. 205. 

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

105. Kore generally the convergence of those branches which were relatively 
distin~t in the past, such as informatics, telecoaaunications and mass 
consumer products, obliges ,producers in one particular segment to find ways 
of maintaining close contact with those in other s9giaents and with component 
manufacturers, so that they do not lose any opportunities and become 
outdistanced, cince rapid technical evolution is a race in which many 
competitors who vigorously dispute the market opportunities are engaged. 

106. The hi h intensit of Research and Develo ment becomes of increasing 
ccnsequence as the components become systems cf Figure 1-17 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 cir~uit 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 ~ecessary 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 vih R & D costs of US$ 400 million. Each of the large digital public 
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telephone exchange:. 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 aarkets vill only allow 2 naall number of the 
existing constructors to recover these costs so that either a retiuction in 
numbers or a aajor regrouping (or shakec.ut) of telephone exchange 
aanufacturers is to be expected. 

107. The high intensity of qualificati~ns of the workforce does not arise 
solely from the increasing iaportanc£- of R & D but also from the 
disappearance, in the production phase of electronics construction, of the 
assembly and cabling tasks vhich vere traditionally iaportant in this type of 
•construction" industry. tlbat vas called in the past •cabled logic" bas 
becoae ·i~tegrated logic• and the electronics of cabling and even micro
cabling, of the soldering iron or even the soldering of gold vires under a 
binocular aicroscope, has disappeared or is on the vay to disc..ppearing. For 
exaaple the SMD (Surface Mounted Devices) techniques (cf paragraph 69) 
inevitably lead to the •utomated 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 !!!!.. 
production of the hardware is tending to be automated and so considerably 
reduces the need for physical tasks. Table 1-18 shows how the type of jobs 
offered by Siemens, vhich is a major electrical and electronics enterprise, 
has altered: most of the enterprises concern~d exclusively with electronics 
generally have engineers in 50% of their jobs whilst semi-skilled workers 
rarely account for more than 10% of the jobs. 

Table 1-16 : EMPLOYMENT AND ITS STRUCTURE AT SIEMENS (GERMANY) 

1972 1982 

White-collar staff 16% 20% 
Engineers and technicians 25% 30% 
Skilled workers 20% 20% 
Semi-skilled workers 39% 30% 

I 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 a~tomated 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 !-19 there are 
nevertheless fields where production lags behind technical 3dvances and where, 
as a consequence, the necessary capital investments, intended perhaps for a 
protected market, can remain modest because of the nature of the less 
sophisticated plant needed and the size of the market to be supplied. 
Furthermore the original specif icationit of the products may define a niche, 
that is to say a restricted global market within which relatively low capital 
investments would make it possibl~ to obtain a significant ~hare. 
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Table I-19 TECHNICAL AND INVESTMENT LEVELS IN SOME PRODUCTS 
OF THE ELECTRONICS INDUSTRY 

Lewd or 

Sect.or Eumples of poducts 
lldnolo11 lnYalmml 

Mmulec:-
Desip 

anir.g 

Adv-- Advanced ICllliaiadiectors, CIOlllplloCIS. Hi&b Hip SUM> M and lbovc 
1t""*-wUcarian llluifn-L 

O.ip lmmsivc Minillupanaiao campulCIS. IOflw-. Hi&h Medium/Low SS-2S M 
Ampler lekpllone nrildUn& 
111uipncnL 

Medi- Tccllnolo&Y Color Tdc¥isions. vidto caucae low/Medium Low/Mediwn SS-~M 

RICClldcn. diK clriYa. mimi 111111111a1. 

Low Tedanolo11 Blad llld whiie ldcviliaas. paaivc Low Low Sl-20 M 
componaus. simpler scmicGndUCIOr 
devices. 

Sam : Ashoka Mody. The development of information i111lustries. 1987, conference al Brooking 
IDSlitutioo uo "Technology and ~ovcrnmcol policy io telecommunications and compulcr·. 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 
wake of a large fish in some way. 

110. In the information processing industry this was the policy, adopted in 
1976 by AMORAL, 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 frc;tm .. the Intel catalogue and 
an c,perating system, derhed from the MS-DOS 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 iqtrodu~e 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 aany of the compatibles, coming down in the 
case of some of them to very minor detai:s 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 
available on the intermediate 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 tirae compatible and superior but at a lower price. The very large 
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number of these aachines sold - several aillions - and the multiplications of 
t~e applications software, also sold on a very large scale, created a de facto 
sb ndard which left the non-cOllpatibles (apart from APPLE and its Macintosh 
VhG ti();;ver offered an optional rapprochement) outside a very rapid dynamic of 
growth. 

111. This standardisa~ion of what it is nece=sary to aake and to sell, often 
linked tO SGae Specific coaponentS Or SOftWareS I Ob"YiOUSly poSeS the question 
of copyright. Since the beginning of the eighti~s aost countries atteapt to 
protect their software froa being copied, in particular the software which is 
vritt~n on silicon, that is to say when an integrated circuit, a aemory or a 
aicroprocessor is designed. This is not easy, and some difficult legal 
acti:ms have been heard or are still in the courts. IBM accused the Japanese 
Hitachi and Fujitsu COllpanies of spying when they attempted to find out in 
advance the characteristics of its new range so that they could prepare ~heir 
future compatibles as rapidly as possible.... Intel 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 link~d 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 b a reement with the ori inal roducer of the 
equipment by way of the so-called Original Equipment Manufacturer OEM) system 
in information processing and for other types of machines, or agaiL by the so
called second source syste& in the case of sewi~onductors. In semiconductors 
most of the o~iginal American manufacturers have adopted the custom of signing 
agreement with other firas, generally Europec.n, so as to supply a vaster 
market an~ to supply their clients, without too 111Uch e~lay, when the cyclic 
demand is at a high point. 

113. Tf1.?~e general production conditions, >:thich are fou:1d in a more or less 
marked manner for the various products of the electronics industry, are 
evidently supplemented in the case of each of them by special characteristics. 
We will examime i::iter.rated circuits, memories and television receivers in 
rather greater detail. 

4.2. The case of integrated circuits - aamoriei 

114. The semiconductor~ industry thus offers the basic bricks necessary for 
the whole of the electronics industry tJnd 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. In 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 ttoted im.oediately: the largest 
world producer cf SQmiconductors does not offer its pr.oduction on the market. 
By its in-house produ~tion IBM in eff~et covers a not unimvortant 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 eumple in 
1985, according to the Integrated Circuit Engineering Corporation, out of a 
total North Ameri:an production of integrated circuits, evaluated at nt:arly 
US$ 14b ov~rall, it is necessary to count on a captive eroductio" of US$ 4.7b, 
or pract.ically a third. Clearly what th 1 analyst can really observe on this 
m•rket are the merchant-pro1ucers. 
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115. The averagely concentrated structure of the merchant-producers shovs a 
kind of "directing group" of about ten manufacturers vhich defines the 
situation in the industry. T~is is not to be understood as being a stable 
state, such as the oligop<;ly as ve are accustomed to see it, with great price 
rigidity together with various trading conditions. However this directing 
group operates rather like an iaplicit cartel or a collusive oligopoly which 
seeks to maintain the doaination of the directing group on the situation of 
the industry. This situation evolves very rapidly. What the directing 
group has to aaster is, firstly and in regard to prices, an "optiaial 
trajectory" for decreasing prices and secondly to combine this decrease with 
~ongoing renewal of the technical characteristics of the product and the 
processes of its production. In order to specify the movement of evolution 
which the directing group attempts to guide and to master in order to maintain 
its domination: this aay 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 1-20. 
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Figure 1-20 THE CURVE OF APPRENTICESHIP PER MEMORY-BITS 
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117. This ev\llution in the bit price of memories has repercussions on lhii! 
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. 
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Figure I-21 : EVOLUTION OF PRICES PER MEMORY-BITS 
AND OF ELECTRONICS PRODUCTS 
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113. The falling trend in DRAM prices is linked vith developments in their 
density of integration of the quantity of bits stored on the same chip {16k, 
64k, 256k, lH, etc.); this doubles about every 18 months. Ve 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 1-22. 
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 aade 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 vhich is more in accordance vith the state of the market, 
and finally the p~ices become stable with technological obsolescence. 

Source 

Figure 1-22 : PRODUCT CYCLES IN INTEGRATED CIRCUITS 
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119. Production and sales increase to a considerable extent from one 
generation to the next, obviously corresponding to the considerable global 
increase in electronics as already mentioned. Vhilst some 1 million memories 
(DRAM) were sold at the beginning of the seventies by 1985 this figure vas of 
the order of 1 billion. The cycles of sales from one generation to an~ 
thus rise in a kind of staircase for the various types of integrated circuits, 
as is shown by Figure 1-23 for DRAM lleBlOries. 
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EVOLUTION IN DELIVERIES OF DRAM MEMORIES 
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120. Froa generation to generation the costs of Research and Development and 
the time needed for it have increased greatly. Whilst the 11anufacturers hope 
to offset the rise in the time needed by having recourse to design assistance 
tools, it is however not possible to envisage reducing the costs. In 1987 
Rational Seaiconductor indicated the following orders of aagnitude for the 
development of aeaories : one year and US$ 2a for the first lk aeaories; tvo 
years and US$ 10. for the 16k ae11e>ries and three years and US$ 100. for the 1 
llegabit ae110ries. In all the so-called high-technology industries the 
seaiconductors industry is the one where the ratios of expenditure to turnover 
or to profits are the highest. and are increasing. as .ay be seen froa the 
following table relating to the United States : 

RESEARCH AID DEVELOPllERT 
expenditure as a ratio of 

turnover profits 
1978 1981 1978 1981 

Mediua 
High technology 4.01 nd 65.41 nd 
Aerospace 3.71 4.8% 93.01 141.8% 
Seaiconductors 5.81 7.1% 102.31 174.01 

Source: After Electronics, 17.1.1980, p.83, quoted by D. ERBST in The global 
race in aicro-electronics. Caapus Verlag 1984, p.65, 
and Business Week, 5.7.1982 

Taken over all the producers of se.iiconductors the R & D effort today 
represents about 10% of the turnover. Ir. the case of the .anufacturers 
producing the most coaplex products, such as aicroprocessors 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 paragraph 56) which alone accounts for a very 
considerable proportion: 401 to 451 according to experts such as M. BOREL, 
the bead of technological research on integrated circuits at Thomson 
(Electronique Hebdo, Ro.44. October 1987, p.58). The price of this equipment 
tends to rise, logically, vitb the increasingly high optical and mechanical 
precision demanded froa it. This is shown in Table I-24; the price of the 
equipment has been multiplied by ten vhilst production has fallen. 

Table 1-24 EVOLUTION IN LITHOGRAPHY EQUIPMENT 

Lithography equipment Year of Average 
development cost, US$k 

Proximity printing 1972 25-125 
Projection printing 1973 250-750 
Stepper 1976 350-1000 
X-ray 1982 500 
Electron beam 1983 1000-3000 

Source After P. DELMAS, The Cow-Boy and the Samourai, 
Ministry of External Relations, Paris, 1984, p.81 

Production, 
wafers/hour 

100 
50-8'1 
15-40 

so 
5-15 
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122. In order to aaintain bis position aaoogst those vbo set the pace for 
the industry every producer aust therefore aake aajor capital investments in 
plant whilst .. intaining contact vith the state of the art in technological 
.. tters. 'Ibis assumes the regular re-investaent of considerable suas in 
production which vill increase froa generation to ge~eration of products. In 
1984 tL.e joint production of seai.corductors 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%. This ratio vas 
of the order of 10% in 1975 and 16% in 1980 (according to M. FRERCB, The 
seai.conductor industry: an overview, Dataaation, April 1980, p.164). Ta'ieii 
overall, and for the most advanced aanufacturers, it is necessary to devote 
half, if not more, of the turnover 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 equiiJ91ent, and in vhich it is not always possible to aaintain a 
place. The aanoeuvres tbe11Selves are delicate, since the short-tera 
evolution is auch more disturbed than aigbt be assuaed froa the long-lasting 
trends vbich ve have described. After years vith increases of the order of 
40% there aay follow real crisis years vit:i negative rates of increase of 
sales, as in 1974-75, 1981-82 and 1985-86. Situated upstreaa of the 
electronics construction industry this production of tbe basic bricks 
obviously suffers froa the phenomenon of the acceleration of the derived 
deaand. The evolution of the custoaarily observed ratio of orders received 
to goods invoiced clearly shovs this cyclic character, as may be seen from 
Figure 1-25 • 
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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 inves~ment policies of some coapetitors. In periods of 
insufficient orders the fall in prices is held back, but the reaction of the 
suppliers, very desirous to aove on to the following generations, aay vell 
lead to a high level of iovestaents and a supply situation which can lead, if 
the deaaod is slow to become dynaaic, to excess capacities. These can 
provoke an accelerated fall in prices without any assurance that future sales 
will be of sufficient voluae to cover costs (increasingly high on the invested 
capital). This is what is shown by an article in Electronic Business of 
Barch 1986, froa which Figure 1-26 is taken, whilst Figure 1-27 iilustrates 
the course of Japanese iovestaeots. It aay easily be understood that such a 
situation in the industry• which has no structural stability• reseables a 
peraanent exploit involving the ascent of a succession of constantly aore 
difficult peaks; this is not the result of a tacit haraony between individual 
firas but rather of a very vigorous coapetition. 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 1-26 : THE ABNORMAL FALL IR MEMORY PRICES 
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Figure I-27 THE JAPANESE PATH OF INVESTMENT IN SEMICONDUCTORS 
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4.3. The case of the television receivers industry 

125. To begin vith the supply of mass consuaer electronics products vas 
saall, coaing froa producers stemaing froa 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. Al.8ost all of the enterprises present on this aarket operated 
over the whole of the .. ss consuaer sector. The continuing expansion of the 
world .. rket for television sets and the develo.,.ent 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 consuaer product (now accompanied by the video-recorder) and the 
pivot of the nev age of electtonics in the house whilst ·awaiting global 
doaestic informatics. 

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

Philips 
Matsushita 
Sony 
Toshiba 
Hitachi 
Th011Son/Thorn * 
GE/RCA * 
Samsung 
San yr 
Sharp 

Japan 
Japan 
Japan 
Japan 

France 
United States 

Korea 
Japan 
Japan 

Millions TV units 
produced 

6.2 
4.7 
3.8 
3.2 
3.1 
3.0 
2.8 
2.5 
1.8 
1.7 

* In 1987 Thomson bought the Mass Coasumer 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, aade it necessary to llOVe on to production in long runs. These 
tvo constraints have continued to operate. By vay 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 structur~ug of the industry was effected by way 
of national concentrations. Thus in Great Britain the number of 
aanufacturers of television rP.ceiver• fell froa about 40 in 1955 to about ten 
in 1965. Tb~ •eventi•s vere characterised by a further restructuring of the 
industry, this time at a global level under the impulse given by Japanese 
finas; this is still continuing. Initially the Japanese attacked the 
American aarket. 

129. The Japanese tactic adopted two principal routes. The first consistad 
of massive exports of television sets which profited from the relative 
weakness of the Yen; theu were fol loved by the establishment of marketing 
cOCDpanies after ensuring the reputation of the brand na111•i. The aecond wu 
based on the American brand names, in particular by purchasing production 
units in the United States. Thus in 1976 Sony produced 300,000 colour TVs in 
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San Diego, vbiht Quasar had been transferred by Motorola to Matsushita in 
1974. 

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

131. Froa the aiddle of the seventies the Japanese aanufacturers operated 
along other strategic axes. They practised the relocation of their 
production units to areas vitb low wages, in particular to South-East Asia 
such as the Hitachi plants in Singapore an~ Taiwan. Io addition they aoved 
on to the automation of their existing units. Since 1978 85% of Matsusbita's 
production of colour TVs has been automated. Finally they have established 
joint ventures with local actors and are building production unit~ in areas 
vitb aajor potential aarkets. From 1974 onwards Japanese firms were 
establisbe~ 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 
Geraany) whereas Japan and the United States bad the saae standa=d (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. Two 
!.!:!!!. 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 (1082) in Germany, Thorn in Great 
Britain on 1986 and MCA/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 a million sets a year but had only 80 
models, whereas at their Angers plant Thomsnn 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 ~ingapore where the hourly wages cost in 1986 was 
12.5 FF as against 85 FF in France. To this process vas added the closing of 
many plants (Philips in Berlin in 1982) and considerable manpovP.r reductionJ. 
Once conditions of profitability bad been reestablished the firms were able, 
as a result of the margins achieved, to look towards innovation and to leave 
the market for productt at the end of their life cycle to producers with the 
lowest production costs. 

134. The growing uniformity of production conditionl'I 11akes 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 11ust be 
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taken of the magnitude of the Research and Development necessary to keep up 
vith technological developaents in television receivers. The need for scale 
econoaies relates principally to the magnitude of investaent:; in production 
capacity (automation and plant development) and to the high productivity 
needed to achieve price coapetitiveness. This aust not be allowed to obscure 
the fact that every producer must adapt to rapid technical progress if they 
are not actually to promote it. 

135. The first technological break-point vas the introduction of colour sets 
as replaceaents for aonochroae sets in the aiddle of the sixties as a result 
of the iapulse from RCA: the American fira was able to iapose its 
apprenticeship curve on the following firas. SIJ9e were not able to aaster 
the necessary know-how and were therefore excluded fro. the aarket: this was 
the case, for exaaple, with the Argentinian firas. 

136. Other technological evolutiocs took place, and are continuing. One 
aay note iaprovements in sound due to the iaproved perforaance of acoustic 
enclosures. Also to be noted is the aoveaent towards reduced energy 
consuaption (as a function of screen size) since 1960. In a general aanner 
the introduction of the electronics of integrated cir~uits 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 I-28 shows the 
rapid advance of the introduction of aicro-electronics in television sets. 
For the viewer the aost remarkable feature is in another field, that of iaage 
iaproveaent and the format of the screen, as a result of progress aade on 
coaponents and tubes. This involved firstly the introduction of tubes vith 
square corners, then tubes vith flat screens. 

•Year 

19705 

1980I 

Figure 1-28 : EVOLUTIOBS IR TELEVISION SETS .A!fD THE UTILISATION 
or IBTEGRATED CIRCUITS IR JAPAN 
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137. The increased usage of specific components and the strategic importance 
of the tubes in the process of manufacuring ~eceivers - 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 aillion CRT's per year with SEL (bought by Nokia in 1987) producing 
2 aillion units. The situation on the CRT aarket is such that the 
"traditional" producers fear the arrival of new entrants. 

138. The Xoreans arrived. knowing hov to adapt themselves to technological 
evolution in the field of televisioc sets. After having started at the 
bottoa of the range (aonochroae sets in the first half of the seventies) they 
nov control about 10% of the world aarket vith a foot in the American aarkets 
and. aore recently. the EurGpean aarkets: for example Korean firas are 
established in Portugal and the British Isles. They are nov turning in a 
logical aanner towards the CRT aarket (more than 60 aillion sold in the world 
in 1987) where perhaps vith other producers in South-East Asia they ~ 
generate excess production and be teapted to operate a price var. 

139. Another consequence of the increasingly aassive integration of 
coaponents in television. as in all the aass consumer products. is that the R 
& D expenditure of the principal groups have increased markedly since the 
beginning of the eighties. For examp!e Sony. vhich achieves practically all 
its turnover (TO) on the mass consumer market, the R&D/TO ratio increased from 
S.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 nev 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 vhich 
up until now bad specialised on the upper end of the range or on specialised 
products (for example the first combined television-telephone-computer of 
Loeuve Opta, Vest Germany) in the mass production market. Thus Nokia 
(Salora/Luxor) vhich produced 600,000 television sets in 1985 has increased 
its capacity by 100,000 units a year since .. hat time. Furthermore this 
Finnish firm has purchased the TV branch of Electrolux (200,000 TV's/year) and 
SEL (l.~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 
televil'ion receivers by 1995-2000 vith high-defini ion sets (cf. 3.3.1.). 
Production methods vill be similar, but the tubes and the principal components 
will be largely renewed for broadcasts which vill mostly come from direct 
broadcasting satellites. If 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 productd have to be manufactured have become 
extremely difficult. 
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CHAPTER II 

OF THE AGE 
ECONOMIC 

0 F E L E C T R 0 N I C S 
A C T I V I T I E S 

1. Chapter I has shown clearly the importance of the technico-industrial 
evolution of electronics since it has taken us into a nev age of the 

• industrial era. In 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. Betveen 1913 and 
1952 industrial growth, certainly interrupted by tvo world wars, bad been 
slow; it was to become more rapid from 1952 to 1973 but then seems to have 
reaained at a scaled down le~el. The industrial landscape had increased in 
density to some extent, but always around the same central subjects. 
Rorthern icauce and the Geraan Ruhr still symbolised Industry vith its vaste 
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. Ste.el 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_·'! no longer lies with steel 
and with its machinec but with microprocessors an~ wi~h communications. If 
one can identify her~ 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 snd 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. rliiS 
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 principal.!I. 
inserted are the integrated circuits, !!!emories 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 11-1 relate to two years, 1982 and t986, 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 comraent on the coincidence between the overall Japanese 
.l?!!.~mance 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 II-1 : DESTINATION IN PERCENTAGES OF 
INTEGRATED CIRCUITS, 1982 & 1986 

U.S. JAPAN EUROPE 
1982 1986 1982 1986 1982 1986 

Military 
expenditure 17 15 - - 5 5 

lnforaetics 40 40 13 33 25 20 
Teleco11RUDications 21 18 10 18 20 27 
Industrial uses I 11 12 26 10 25 18 
Consumer goods 

(MCE, cars, etc) 11 15 51 39 25 30 

Value in US$b 7.3 13.2 2.6 11.5 2.0 6.5 
Ratio, 1986/1982 1.8 4.4 ~!2 

REST CF 
WORLD 
1986 

-
20 
14 
13 

53 

2.7 

Source 1982 OECD, after C. EDQUIST and S, JACOBSSON, "The integrated 
circuit industries of India and the Republic of Korea in an 
international technico-econoaic 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 27%. Between 1982 
and 1986 the GDP rose by an average of slightly more 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 af view one can sa~ that new ways of producing, 
as a result of the spread of electronics, can be ma~e 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 thu~ 
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. Ve should note 
however that the modernisation of activities offers a high rate of growth to 
electronics and that, in due course, its increased importance in the 
productive apparatu• 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 specialising in electronics will thus have an v~erall 
rate of growth which may be even higher than the others. 

5. Several other coaaents could be made on this table, but we will only 
point out the ca1e of consumer goods where, despite the ve.ry rapid annual 
growth, the demand for integrated circuits has increased from 22% of the total 
to 27%. This provides an index of the .2!.netration of electronics into 
everyday life. 

6. To look a little further at the penet~ation of electronics into 
enterprises we can consider the results of a survey carried out simultaneously 
in three European countries, Great Britain, Germany and France, and which was 
publi1hed 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 •icro-electronics from two aspects, the introduction of aicro-electronics 
into tbe products and the usage of electronics consumer ~oods. 

7. Table 11-2 shovs the diffusion of aicro-electronics as a percentage of 
the number of establishments and according to the ~ndustries. Electronics 
equipment bas a diffusion vhicb extends to all the sectors, whereas in the 
case of the products aost of those involving the incorporation of electronics 
belong to a fev branches: engineering, electt:onics and autoaobiles. But 
this is obviously linked to the nature of the goods: clothing or papers 
provided vith integ=ated circuits are still only gadgets. The aagnitude of 
the diffusion of such equipment reached a aean and significant threshold: 
between 40% and 50% of the establishllents in these three European countries 
have introduced aicro-electronics. 

Table 11-2 EXTENT OF USE OF MICRO-ELECTRORICS 
BY INDUSTRY (VEIGBTED) 

-.gllred fol pe~ old nunul«runng esuollsllmenfs 

.._ clleM 
- -- elec - .... Cloe ..... ................... ... -- - ... ~ .... ,°' ... 

BASE ........ 3320 3.252 .. flif 5.461 3251 r.1163 2 927 3 11' 3 S7r I 2r3 31.U 

'*-• 4f00 5426 2.301 s.056 4.512 2.100 r.er2 3227 2.1so e:n1 «1.rer 

F- 4!111 3253 S.SN s.rr1 2043 531 2.zeo "°"' 3.518 '121 31. rra 
PROOUCT USERS ·- 0 0 1 21 50 14 0 0 0 3 10 Ge_, 0 7 5 42 42 ' 1 0 6 3 13 

Fr-. 0 1 4 23 21 23 0 0 4 6 

PROCESS USERS ·- &O S1 40 4S St 33 JO 27 62 31 43 
co. .... _ 

46 52 43 S9 54 3t 40 32 n 37 47 

France 39 43 31 31 33 51 34 23 50 21 35 

ALL USERS 

........ 60 51 40 54 7J 33 30 27 12 37 47 

c;c ....... , 46 S3 44 67 16 41 41 32 eo 31 51 

France 39 43 31 4S 49 S9 3S 23 so 31 31 

NON·USCllS .,.. .... 40 4t &O 41 27 11 70 73 31 13 S3 

co.-- 54 17 51 33 34 SI st II 20 62 4t 

France 61 57 62 SS St 41 65 77 50 .. 62 

TOTAL 100 100 100 100 100 100 100 100 100 100 100 

~---

(1) In the case of France the figures for metals are included under metal 
goods and not under chemicals. 

Source NORTHCOTT et al., 1985 

8. Table 11-3 reflects this overall insertion !n the number of employee• 
in the establishments concerned vith this spread of electronics. Since such 
introductions are, on average, rather more frequent in the larger 
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. 
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Table 11-3 : STACE OF DEVELOPltERT IN USE OF 
MICRO-ELECTRONICS (WEIGHTED) 

a.--, F-- .. -
~ .... 050 NO • rJt.530 

APPLICATIOllS ................. 2..211.- 32.1 5'1.162 

Uader•uclap1 aaa l M.195 ...... 1.2 
Fe....., ......... ' 31.921 

TOTAL 2-797.191 .., IU.ll5 

!PROC£SS APPLICATIONS ................. 5..153..157 1.:.1 2-419-219 l----- t 
1S3..1ft 

SSUM ._. 
Fe • ..., ........... 13'.6S3 

OTAL S..JM.9'1 a.a 2-111LM1 

jAu. APPLICATIONS 
I 

"'proClucliaA ........ S-»S.Jn n.5 :US2-426 

Under decelap 111 alll I 229.215 ....... 1.2 
Fe•Slllilily inftSllpled 1A-Si2 

OTAL 5..IJUn IU 2-Ml.233 

;NON-USERS 1.MC.1n 15..3 1.191.297 

I 

NORTHCOTT at al., 1985 

.. 
HID 

112 

2-1 

••• 
16-2 

51.4 

3_7 

3..3 

15.• 

51.7 

u 

••• 
71.2 

21.1 

9. Tabies II-4 and II-5 make it possible to make rather aore precise what 
is to be understood here as the introduction of aicro-electronics. In the 
case of the products it is a matter of integrated circuits which are ex
cata!ogue or more or less custoaised. If the latter circuits are used this 
generally involves, as may be seen froa Table 11-4, the additional use of 
standard ex-catalogue micro,rocessors. Programaable logic controllers 
followed by CRC machine tools are the tn · of equipment llOSt widely used for 
production processes whilst robots (which have often inflamed iaaginations 
because of their android character) have only a modest place. 
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Table II-4 TYPE OF MICRO-ELECTkORICS COMPONDIT USED 
PRODUCT USES 

~ol-~-ts 

~ ..... ,, ... .. ...... ....,.-i 
I• lf!U'I a1t1H11i , ... , ....... ., 

MSE .. 290 fB 1'107 S.25 2.aJ 

................ "'*' .... ~ ..... .., • .,. n as .,. ........ I I I I 

~--.... ~ .... , .. • • • a » 12 .. .... 9$laclk ..... •• 

1= 
I &11111 .... dlalll J1 12 25 12 14 21 

• 51 15 .. 
U2 ... 199 123 ,., 117 TOTAL 

..- J--·--•CIJ.oec-s.--a;a-'f'fSID ___ _ 

Source: RORTHCOTr et al., 1985 

Source: 

Table 11-5 TYPE OF HICRO-ELECTRORICS BASED EQUIPllDT USED 
PROCESS USES (VEIGBTED) 

·~·-----..... ·n.-e ~·-•·--•aw-. I ------- .................. ..... Genuny Fnnu 8riUin eoe ....... , Franca I 
--; 

BASE lci3115 19083 IJolllS 37 IOIS "",,, 38 rro I 
I 

TYP£ OF EQUIPMENT USED 

; CAD -" Slall0ft5 13 17 15 ' I 5 
; 

CNCmKflilletools 2J JI 31 10 17 ,, 
PLCs (programlQOla 
logoc"con .. oaers) 29 ., .. 13 19 14 

Macllona contrakrs ,. 27 29 7 1J 10 

Process conlrallers 15 17 17 1 I 5 
' 

Pidl-and-place _ ....... 4 5 1J 2 2 s 
' . 

Rollols 2 J 7 2 ' I 

NORTHCOTr et al., 1985 

10. Figure 11-6 and Table 11-7 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 110re efficient use of labour. As far as the disisdvantages or 
problems which could hold back the diffusion of electronics were concerned the 
sne two 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 generat ly favourable 
economic situation. 
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ADVANTAGES, DISADVANTAGES AND PROBLEMS 
(f'OR GREAT BRITAIN ONLY) 
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.SJmm: NORTHC01T (J.), ROGERS (P.), 1982. 
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Table ll-7 llAifl DISADVANTAGES AND PROBLEMS IH USING 
MICRO-ELECTROIUCS (Vl.!t;RTED) 

,... •111 e1--nniu.if111ec:11111'111f...,ill' •••i.lliis1111-www-iaia,.... a''11a'...,. _,....,_... 

~- f'llGCISS-- ML-.......... ._ .......... ._ .......... .._ 

SASE 3.707 5.f25 Z.433 '4JJ01 rt.oa •3. •rf r7.7r• 20~ r•.527 

Gew81111 ••le ....... • 21 2J a 2J 11 a 24 17 
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2. ANOTHER !WIRER OF PRODUCTION 

2.1. tlecbatronics ("La .ecatronique•) 

11. The .ecbanical engineering industry bas been strongly revivified by the 
age of electronics, and it is the evolution of this industry which vill 
condition the future of the entire industrial systea. Froa the industrial 
standpoint the transition froa aechanical en ioeerin ("aecani ue•) to 
aechatronics (•aecatroeigue• is reflected by an in-depth modification of the 
•product• vhich is prod11ead by this branch: instead of offering aachines it 
aust aov deliver 11erltsbops or systeas of aachines. This eroduct-cO!!Plex 
vhicb the aecbatr•ics industry has to provide is an assew.bly of four types of 
elements 

- a systell (~in~ormatics•) for the Control, aanageaent and llOnitoring 
of the whole assembly; 

- an assembly of .achining centres consisting of aachine tools vith a 
vide ra11ge of tools and able to vork on parts vitb different 
characteri1tica; 

- a systea for conveying the parts froa the entrance of the workshop, 
froa .. chining centre to .. chining centre and thence to the exit from 
the vorksbop; 

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

12. This siaple state.eat shows that any attempt to speak of robotics is a 
reduction of mecbatronics to the int of caricature. The robot mst 
frequently encountered, the robot-handler or possibly welder, painter, etc.) 
is certainly present, but in a workshop which is totally renewed. Dataaatioa 
emphasized, in its April 1984 issue, that "A robot is only really useful in a 
flexible e~virooment•. 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 
iaportant in this context and can be the aain barrier arainst the diffusion of 
new foras of automation [ •••• ]. The flexibility provided to batch 
.. nufacturing by nev forms of confers on batch operation is not solely due to 
industrial robots. The increased flexibility is the result of the increasing 
use ucle of numerically controlled .. chine tools, the ability to integrate 
aachine tools into aachining centres, the integration of robots into 1ysteas 
and direct nU11erical control of aanufacturing sy1t .... • Gerard GUILLEMETTE, 
of ASEA'• Robot Division, ha1 bi.118elf pointed out that "The electronics are 
not very iaportant, but the mechanic• are iaportant for the continuous, hard 
and accurate work a robot bas to perform in a factory.• 

13. The object of eaphalizing these factors is to re-affirm (again) the 
paradox encountered in the evolution of the industrial system: breaks within 
continuity. From Josepk WHITWORTH to Prof. R. YOSHIKAWA, it is always the 
industry producing the aachiaes; 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 
de1pite this history, which can only be built on the legacy of the past, it is 
a qualitative leap froe 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 desigoe.1 { ••• I. The entire factory layout and 
vork organization aust be redesigned and restructured if maxiama benefit is to 
be obtained frCM the nev systems.• A Japanese, Prof. H. YOSHIICAVA, is 
regarded by .any as the leading thinker behind flexible workshops and 
factories without workers. Be is responsible for a layout of the factory of 
the future vhich bas often been reproduced and vbich ve set out belov as 
Figure II-8. 

Figure II-8 A SCBEllE FOR A f ..EXIBLE VOllSBOP 
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- Prof. B. 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 bu.an pres~nce. Clearly all the .. chine tools are directly 
nuaer!cally controlled by a coaputer and vill be modular .. chines as is .. de 
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 conceptualisation would see~ to demonstrate this, 
but today the Japanese experience can provide us vith something better than a 
theoretical discourse: concrete exAIDples show hourly productivities of 
factories Multiplied by several units, vhilst the productivity per worker is 
increased by "' factor of more than ten. The lathe and machining centre 
.. nufacturing plant (all obviously numerically controlled) which YAMAZAKI has 

....... 
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installed at Kinotaao is one of the finest flovers of' the "tlecbatr<'nics 
Valley" and prefigures the Systea 21 (for the 21st century) of the Japanese 
strategy. As far as the flexible lathe production vortshop (FHS 21) is 
concerned the folloving cu.parisons vith a conventional systea, as provided by 
this COllpany (Table 11-9), are very eloquent. 

Table 11-9 : THE ADVAITAGES OF A FLEXIBLE WOUSHOP 
(YAllAZHI, JAPAK, 1984) 

Sys tea Conventional 
21 sys tea 

Floor area 6,600 • 2 16,500 a 2 

lluaber of aachine tools 43 90 

lluaber of operators : 
- factory 36 170 
- production control 3 25 
Total 39 195 

Production tiaes : 
- Machining times 3 days 35 days 
- Asseably of the unit 7 days 11 days 
- Asseably of the vhole 20 days 42 days 
Total 30 da}S 91 days 

15. At the present stage the productivity of the workshop has been 
aultiplied by three: the total cycle to produce a lathe nov takes four weeks 
instead of twelve; with the nuaber of workers being reduced to a fifth the 
productivity per worker has been multiplied by fifteen. When manageaent of 
the workshop is optimal YAMAZ~I believe that they can do better, reducing the 
overall time for the production of a lathe to 7 days; the factors by vhich 
the productivity vill have been aultiplied vill then be 12 and 48 
respectively. 

16. This e:uaple concerns the actual production of aachioes. It is here 
that the heart of the iodu.trial systea, of aechatronics, is to be found, it 
is here vhere production line working aocl the scientifi~ organisation of vork 
h&9 not been able to increase productivity sufficiently because of the 
discontinuous character: of the production proceH. Io the light of the 
orders of aagnitude celating to increases in productivity one can appreciate 
the interest there is in aastering it frOll upstream. In Japan about half the 
sales of aachine tools go to the .. chanical engineering industry itself and a 
quarter go to the autOllObile industry; unlike the USA or Europe one does not 
find the aeronautics outlet. !t is possible to see the iapulse given by the 
aechatronics evolution through capital equipment goods and a classic of 
durables consumption. The Japanese rise is not limited to electronics; it 
is also concerned, as is ltnovn, vith 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. Tvo 
attention. 

c<>11111unications problems concerning mechatronics merit special 
The first is linked to the multiplication of intelligent units, 
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the rational usage ..)f these requiring that they can communicate aaongst 
thee.selves: this i~ the role of the local industrial netvorts. The second 
is concerned with utilisinr the increased flexibility of the production 
apparatus to rationalise inJH&tS and production as a function of the output 
which is needed to satisfy the demand, and this is the proble• which has to be 
regulated by the logistics. 

18. The need to allov intelligent .. chines to comaunicate with each other 
resulted in the birth of the l!AP (Manufacturing Autoaation Protocols) project 
launched by General llotors. This fira has sought to aate a gigantic effort 
by way of electronisation to overcoee what it saw as an inevitable decline in 
tile light of the gap between its productivity and that of the Japanese 
... ufacturers (vehicle costs US$ 2000 higher per vehicle). At the end of the 
seventies it was already using 20,000 progr .... ble auto.ats, 2000 robots and 
40,000 intelligent units, bot only 12% of these could inter-c~icate. 
Since it wished ~o llOltiply 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 •st 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 becoee increasingly 
precise; from 1986 onwards the MP Users' Group bas bad •re than 1500 
lleabers in the United States including the largest .American firms, whilst the 
Eur-,~-1s have created their 01fll DIUG (European MAP Users' Group) to which the 
larg( European firms (about 200) belong, and the Japanese have done the 
same. A demonstration of the inter-operability of aachines using the 
MAP 3.0 version (cf Chapter V) took place in Detroit at the end of 1987. 

19. The existence of !!!!, is very important since it establishes an 
international standard for the architecture of c~ication between 
industrial aachines for cooperation between the constructors and the users. 
This is an entirely nev phenoeenon, one of the implications of which is that 
of f9c1litating 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 bad become aore generalised vith the 
aultiplication of progr&11mable autoaats. The progr .... ble aul'lllat is 
generally supplied with the production aachine, and this applies to all kinds 
of industries. It bas taken its place in aanufacturing industries employing 
.. jor continuous or batch processes. FrOll the small f ira to the large one it 
•st frequently carries out processing on the control part of the aachines. 
It carries out sequential n1111erical automation and regulation operations, 
bordering on specialised regulators, numerical controls with their ovn control 
(which aay be an auto.at), robots with their ovn control, aicro-computers and 
also ce>11puter assisted management of production (CAMP), coaputer assisted 
design (CAD), aut011ated testing, etc. To a certain extent vbat has developed 
i• aut011ation on isolated islands. 

21. The management of production requires that one can envisage, at any 
llOllent, exactly vhat the automats are doing, certainly prograaaed in such a 
way that everything works harmoniously, but that as soon as a problem arises 
at any point the ti .. needed for infor•ing all the points concerned will be 
11e>re or less lengthy and the time needed for devising the decisions to be 
taken so that coherence is re-established vi 11 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, etc. 
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22. Without discussing either principles or objectives (for example the 
"five zeros" of the Japanese tanban or "just in time") it 1111st be emphasized 
that it is obvious that the iapleaentation of a real-tiae communication 
network between all the existing programmable autoaats aates it possible to 
think in teras of a centralised control with the rational aanageaent and 
sujlervision of all the tasks. For this purpose it is possible to provide the 
software resources for coaputer assisted design and coaputer assisted 
aanagement of production. this obviously demands effective inter
Ca.llUDicabi lity and even inter-operability. This also demands that there are 
no non-autoaated islands and that the sensors and actuators of various types 
be aultiplied so that the s7stea of industrial control is effectively and 
fully inforaed and can carry out a sufficient number of operations. The 
local industr~al network also aates it possible for the local autoeats to aate 
decisions autoeatically as a function of inforaation sensed by aore or less 
distant sensors, without the control syste11 doing anything aore than to verify 
that the auto.at is carrying it out correctly. Industrial control clearly 
does not prevent ~he operation of sub-systellS. 

23. Logistics thus atte11pts to lint the aanagement of production within the 
enterprise with its enriro08ent: its suppliers and its clients. The 
flexibility of the production aanageaent aates it possible, through the local 
networks, to take into account information on the products to be delivered and 
the .,roducts to be received in order to optiaise their circulation and to 
eliminate dead ti.ae. As an ex-ple one can cite a large French footwear 
enterprise (ERAM) which receives e~~ry evening in its plants precise 
inforaation on all sales of aodels 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. Froa autoaobiles to footwear, as froa electronics to steel, 
is obviously another aanner of production which has been estoblished with the 
age of electronics. 

3. A CRITICAL APPRECIATION 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 - aore than a thousand in English and 
French alone - have raised questions as to the relationship vhich could exist 
between levels of employment and the "technological" evolution which increases 
productivity. Ro irrefutable demonstration bas been able to resolve the 
opeosing vievs and allow precise views. In th~ long tera all, or practically 
all, the world will finally accept that history sh~vs that technical progress 
is accOllpanied by increased employment, and that ther~ is no reason to doubt 
that this will continue to be so. In the short term a very large number of 
experu continue to consider that technical progress will cause jobs to 
disappear. Numerous recent analyses, such as that of a. liPLIRSKY (1987) 
shov however that job losses following the introduction of micro-electronics 
are, in the worst of cases, only s .. 11. 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. 0985), which we quoted .1bove (point 
1.1.) also provides a survey of the effect of the introductior1 of micro
electronics on employment, and the results of this are given in Table 11-10. 
One can also see here a globally slightly negative effect (a fall of between 
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0.5% and 0.8% over tvo years, according to the country concerned). This 
effect results froa not negligible aoveaents in the opposite direction which 
locates the existing probleas in soae other place than a close link between 
e11ployaent and the use of electronics. 

Table 11-10 : CRAllCES IB EKPLOYKEBT DUE TO USE OF KICRO-ELECTROBICS 
(AVERAGES ARD TOTALS Ill PAST TWO YEARS): ALL USERS 

~ altdnumOers ol ,obs 

s...,. All•an d1U 1Aa 
..i1111isll ·- ............... --..... co..-., Fr-. ....... ,..._, frMA 

SASE 171 9f3 72& ,,_,,, 20232 tc.527 

.acanAGE OF au.usa 
ESTA• ISllUElnS Wl1ll: 

._.._ ....... ... • 10 I • t I l 
i 

NoC-..injldls ... .. " 11 " 74 15 

Decreaseilljldls ... 20 19 11 11 15 10 
I 

DIUNA ... 1 2 1Z I 2 t 
I . 
I 

A'ftllAGE CttAJIGE .. ....at OF .IOeS: 

Ill estalllislllll•- ..- increases llO.. -n ·11 ·30 ·13 •11 ·12 

"'~--dect•a- llO.. -34 -35 -39 -1: _,, -15 

..................... ao.. -5 -3 -3 -2 _, ·1 

TOTAL P£11C£NTAGE OIAlllGE '"JOIS: 

In ellalllislNlleft ... iftcrHMS ... -3.t -u •4.4 ·I.I 

In eslalllislllnents ..- declHses ... -3.1 -5.1 ·4.6 -1.5 

Ina• .............. ... -0.7 -u -0.1 -0.5 

TOTAL CHANGE IN NUlllllER OF J09S: 

In es .. lllisllmenls ..- increases ·ooo -20 • 17 -13 

'" Hlalllisllmenls will! HCIHMS ·ooo -S4 -47 25 

In an eslalllisllmenls ·ooo . J4 -JO -12 

Source HORTH COTT et al. (1985). 

26. A• a re•ult of the manner in vhich this productivity-emplozment dileaaa 
is frequently pre.ented one can only conclude, whatever the resulu of the 
•urvey• or the argument• advanced, that there has been a loss of jobs. In 
fact it is more often a que•tion of studying the impact on employment of 
aicro-electronics, carried out within a context of sloved-dovn growth and of 
unemployment. First of all the scapegoat, the guilty party, '• designateo; 
the aachine which takes avay a Mn'• work. Technkal change adopu an 
iaplacable character and the entrepreneur in order to at lea•t :ationali•e the 
aituation - and one could quote a thouHnd and one example• - r.lplaces men by 
robots. 

27. If it is viewed from a micro-economic k<?!!!!...of vi~v the guestion can be 
understood. In a work•hop where there vere 100 men th~ technical progress 
which introduced auto11ation hH no other reaso1 than to make it po:Jsible to 
obtain, perhaps by 50 men not carrying out the ~ame operations as previously 
and having to provide proof that they have other skills, a production which i• 
at lea•t equal to that obtained in the pa•t. If this workshop is not able to 
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release tvice as many products onto the market then the ent~rprise will not 
take the decision to open up a second workshop. Kore generally, and in a 
context of limited growth, technical progress vill, at the micro-economic 
level, pose eaployment problems. 

28. However it is not very probable that the wages paid to the employees 
will be doubled. The coapany's turnover being unchanged it will ~e used for 
soaething. The vages not paid by this company vill however be returned into 
the economic circuit in one vay or another and may serve somewhere else to 
provide jobs and to pay wages. This aeans that the problea of employment is 
also a aacro-econoaic ?roblea. 

29. On this point it aust however be added that there has already been .!. 
decline in jobs in agriculture and, aore recently, a decline in employment in 
industry to the benefit of the service industries. Table 11-11 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 
aicro-electronics slips the bolt: it does not cause unemployment but provides 
the technir.al resources for increasing productivity and hence production. 
Rovever it is necessary to organise these nev 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 II-11 : EVOLUTION OF THE SECTORIAL STRUCTURE OF JOBS 
A COMPARISON BETWEEN JAPAN AND THE UNITED STATES 
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Seisuke KOMATSUZAICI, Research Institute of Telecommunications and 
Economics (RITE), "Approches japonaises de l'economie et de 
l'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 "Ro iron and steel industry can 
escape, in the long ter~ ••• from the entry into informatics. This poses, 
amongst other matters, a training problem. Faced with the very extensive 
technical possibilities orened up by informatics it is necessary, if they are 
to be seized, not only to have S!1ecialised personnel but also to ensure that 
all the pe1sonnel can be inserted into the networks which are then 
established. 

31. Every steelworks in the world must today equip itself with inform~tion 
processing systems, that is to say a local industrial network with extremely 
powerful central processing computers. Process computers operate with slow 
codes in the same languages so that they can co111DUnicate, 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 in4ustry have been 
centralised by means of inforaation processing systems for 11any years nov. 
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 
i.aportant client with a very dynaaic demand: 11aterials for integrated 
circuits, optical fibres, various types of plastics and different films. 
Speciality cheaicals should reach sales of US$ 15 billion to the electronics 
industry by 1990 (J.L. ALEXARDRE and ~. BLUNDER, 1986, p.61). 

4.3. Petroleum 

33. Practically all the segments of the petroleum industry are today 
operated with the support of electronics, from research to refining, froa 
114nageaent to distribution and even down to the petrol pump with the usage of 
credit cards with 11agnetic strips or chips. The reduction of costs in 
offshore operations in the Horth Sea (NOROIL Review, October 1985), or the 
cost of refining by overall autOll8tion since the end of the seventies ~d, 
perhaps soon, that of distribution centres, will make the petroleum industry 
one with the highest level of information processicg. 

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 i~'J manufacturers those who also construct machine 
tools: it was in the automobile industry that r:>bots 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 11-12, 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 t>!Xtiles and clothing industries are on the way to becoaing 
knovledge-intensive industries according to most of the experts in these 
industries (e.g. C. DERVELOY and L. tl!TEUA, 1986). The design and 
manufacture of the products are carried out with the aid of inforaatics, 
whilst management and distribution are also transforll8d by the use of the 
resources of the electronics industry. As an illustration of this ve .ay 
cite something which -y seem simple but which is iaportant for the industry: 
the autoa::ction of fabric inspection. Very expensive systems (2-3 aillion FF) 
operating with lasers inspect and check the quality of the fabric at a high 
speed, covering the entire width at 250 metres/ainute! Vhat is best known in 
the clothing industry is the inforaatics systea for cutting out from patterns 
(LEC'!RA in France) which allows savings in .. terials, tiae and labour. The 
textiles industry foms one of those activities which have been profoundly 
transforll8d by electronics. 

4.6. Agriculture 

36. By contrast agriculture bas 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 fara .. nage11ent 1 not solely of 
accounts but using software to follow up production and even using expert 
systeas for the diagnosis of animal or vegetable diseases. In countries with 
a 'hortage of agricultural labour robot fruit pickers are appearing (Sciences 
et Techniques Ro.26, May 1986). Within the framework of joint European 
research the EOR!IA systea includes an Anglo-Dutch project for a cereals 
11U1age11ent systea for fams. In France several expert systems for disease 
diagnosis can be consulted by way of the French Videotex and ltinitel (a 
terainal provided free of charge to all telephone subscribers) and about ten 
thousand farmers possess aicro-coaputers whilst forty thousand use the 
services of a shared coaputer systea. The coaputer bas COiie to the fara. 
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CHAPTER Ill 

Of TRE 
RAT I ORAL 

1. THE FIRllS : THE BOILUG UP 

1.1. A planetary dimension 

1.1.1 ?he stratep : a global vision 

STRATEGIES Of 
P E R F 0 R II A II C E S 

1. Competition on the electronics aarkets has changed radically in 
inteasity since-the llid-seveaties. ?he .. cro-econOllic context undoubtedly 
constitutes one of the detendnants of this change whilst budgetary aad fiscal 
policies have played a role in the contrasting results of the national 
•cllaapions• in the United States, Japan and Europe. ?he globalisation of 
these activities constitutes a response to the erratic variations in national 
ecollOlli.c situations 1 where interdependence has not yet been c9letely 
achieved. Faced with differentiated coats of capital and with the 
undifferentiated tastes of cmaaumers coapanies are seeking flexibility in the 
.. rket and the expansion of their outlets. Relocation, vi th agreements, 
becOlles a pri.lle strategy for achieving these objectives. 

2. Rovever relocation can no longer take the fora of the subsidiary, ready 
to take over and acting as a kind of sales counter responsible for 
distributing the products of the group. Coapaoies have to beca.e real 
industrial coaplues, developing auton090us divisions in the .. jor 
geographical zones of Europe, Japan and the United States. With the 
emergence of these oligopolistic coaplexes vithin the Big Three (~. OBMAE, 
1985) there is a risk that nU11erous ... 11 COllpanies will disappear. Unlike 
the riod 1975-1985 durin which there was a boilin u vith the creation of 
ente rises the next ten ears vere to be -een as ears of consolidation R. 
COllRADS, 1985, p.162 • Ru.erous seg11ents of the aarket bad, in fact, arrived 
at a pre11ature aaturity. Too 11&11y COllpetitors vith exceH productive 
capacity enter.ed into price vars and caused an even greater segmentation of 
tile aarket. For exaaple the aajor infor11atics finu which vere IBM's 
coapetitors, the BUllCll (Burroughs, Univac, BCR, CDC and Roneyvell) were 
cnuhed between IBM, the d011inant coapany, Japanese coapetitors lite REC and 
FUJITSU and nev coapanies such as Sun Microsysteas, Pri• Collputer and Strata. 
COllputer. They therefore had to regroup: URIVAC and BURROUGHS •rged to 
fora URISYS and changed .. rket segments, RCR progressively abandonned 
universal infor11atics whilst llOREYVELL quit infor11atics altogether. 

3. With the convergence of the urket structures towards an oligopoly 
scale and range econoaies becOlle preponderant in every field of activity f roa 
develo,.ant up to marketing and including pro<!uction. Even software is 
subject to this logic of seeking an optiaal size, the level of which is 
increasing. Consequently whereas up to the present ti• available capital 
vould risk financing the creation of enterprises on the basi~ of a nev 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 a1n1aua optimal size bas contributed tovards an 
explosion in the nuaber of agreeaents, alliances and aergers betveen firas of 
the saae or different nationality. The objective of .. ny of these agreements 
bas been to share products or coaponents aanufactured on a large scale in the 
plant of one of the tvo partners; others reach agreement to develop nev 
processes and products or to share a .. rketing network. Rovever the 
multiplication of agreeaents does not aean that they are always observed, and 
a large n~ber of thea are cancelled on the grounds of having been 
adai.nistered in an incorrect aanner. If they are to continue in force these 
alliances aust benefit from an adequate structure and special aanageaent. As 
a consequnce of this a company cannot envisage aultiplying tbea, and it is 
probable that the vast aoveaent taking place at the present tiae vill 
progressively slov down (R. COllRADS, 1985, p.163) 

5. Apart froa the agreements relocation aay also find its inherent liaits 
in the organisational probleas of the enterprise. the disllf!llberaent of their 
productive apparatus by the Borth .American transnationals CO!J?lies with the 
CLEE 80del, that is to say the search for advantages linked vith low labour 
costs and sales on attractive .. rkets. Bovever this 80del is obsolete 
because of aechatronics and the aanifest protectioni .. of the large industrial 
cour.tries (I:. OHMAE, 1985, pp.67-68). Furtheraore the Japanese groups, 
inserted into a territorial network of sub-contractors, either subsidiaries or 
not, encounter aany probleas in segmenting the productive processes. The tvo 
80dels (CLEE and Japanese) are autually exclusive, whilst the European groups 
atteapt to establish aajor autc.ated production units, vertically integrated 
and located in the proxi•ity of the national aarket. 

6. To these factors of uncertainty one aust 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 saae tiae, to aaking 
increasingly risky those technological gaables which require ever-larger 
capital investments (cf Chap. I). this gives an advantage to the larger 
groups: they alone vould see• to be able to finance, to launch and to support 
the developaent of a product-system such as a uiversal coaputer 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 
b!!ying mller c011panies. Finally the rising cost of R & D explains the 
frenzy which surrounds its appropriation and the hardening of the legal 
actions taken against coapetitors. 

7. With the consolidation of their positions on the markets of the Big 
three !iras in the electronics industry are confronted vith unsuspected 
factors of uncertainty. Technological prospects, the stability of agreements 
and the legal systeas 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 fires are led to 
seek in the flexibility of organbation and of production the margin of 
aanouvre 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 vas realised by the twenty leading groups (see 
Table 111-1). 

9. These twenty fir115 .. J be regarded as the leaders in the electronics 
industry; their orientations will deteraine the overall evolution of the 
branch. Mlongst these twenty are nine .American Er.s (IBM, ATT, General 
llotors, GE-RCA, Xerox. Uaisys. Digital Equipment, Revlett-Pactard and 
llotorola), seven Japanese firas (llatsushita, IEC, Hitachi, Fujitsu, Toshiba, 
Sony and Sanyo) and four European firas {Philips, Sie.ens, CGE and Thomson). 

10. The urket is characterised by a national structuring vhich is still 
very .. rited. As a general rule the urltet of the country of origin reaain.:1 
the primary outlet of the present participants in the industry. The modes of 
organisation and operation of these .. rltets retain specific characters vhich 
influence the activities of the firas. 'Dae .. jor participants in the world 
electronics industry today fora a relatively differentiated vhole. 

11. The structure of the production still remains highly contrasted 
according to the .. in global zones of production , as .. , be seen frOll Table 
111-2. A relative siailarity .. y be seen between the Aaericaa and European 
structures. 

• 
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IHU FIRMES PAYS CA Elt:C. ~TCI '"'a Cl.JU ~. LE~lJEn 

1 IBM USA 51200 tO 10 1GG 
2 MATSUSHITA JAP 1940(i .a 1J Ja 
3 PHILIPS P-a 1650Cl J ti 32 .. ATT USA 1SOOC: J 19 29 
5 GENERAL MOTORS USA 1-'9CX 3 22 2S 
6 NEC (SUMITCMO) JAP 1-'8Ull J 25 2S 
1 GE-RCA USI. 1300Cl 2 27 25 
1 SIEMENS .. A 1~ ~ J(i 25 
9 HITACHI JAP 1260Cl 2 J2 2S 

10 FWITSU JAP 12-'0<i 2 JS 24 
11 TOSHIBA (GE) JAP 10UUll 2 37 2<i 
12 XEROX USA 940Cl 2 38 HI 
13 CGE (1) FAA 9200 2 .&C 1~ 

1.a UNISYS (1) USA llGllJ'J ~ .;2 17 
15 DIGIT Al EQUIPMENT US.\ a.&OO .: .&J 16 
16 SONY JAP 71U'.:. 1 .is 15 
17 THOMSON FRA ;.soc 1 .&6 1.& 
18 H~WLt l l -PACKARO USA 71oc 1 .&8 1.: 

19 MOTOROlA USA 5800 1 .;9 11 
19 SANYO FISHER JAP saoo 1 so 11 
21 GEC G-8 5300 1 51 l(i 
22 eos:;H HFA "900 1 52 tt 
22 MITSUBiSHI ELECTRIC JAP .i9QO 1 53 tC 
24 ouvern ITA 4il00 1 SJ 5 
2S TEXAS INSTRUMENTS USA 4700 1 5.& s 
~6 BULL (1J t'rtA .isoo 1 :s s 
26 ROCKWELL USA .;silo 1 So ; 
28 ERICSSON SUE .&.&00 1 5; ; 
28 NORTHERN TELECOM CAN .i.aoo 1 sa s 
JO NCR USA 43SG 1 5S e 
31 RAYTHEON USA .&JOO 1 53 ~ 

32 HONEYWELL (1) USA 4200 1 60 e 
33 SHARP JAP 4000 1 61 8 
34 CANON JAP 3700 1 62 7 
35 SEIKO JAP 3600 1 62 ; 
35 TRW USA 3600 1 oJ 7, 
37 RICOH JAP JSOO 1 6.a 1: 
JS CONT"Ol. DATA USA 3400 1 o.: 7· 
39 WESTINGHOUSE USA 3100 1 65 6; 
40 FOAO USA 3000 1 65 6! 
41 IRI HA 2aoo 1 oG 5 
4l LITTON USA 2800 1 c;; 5 
"1 LOCKHEcD (1) USA 2200 I 67 s 
44 3M USA I 2illG ? 6a 5 
45 STC (ITT) u·B 2670 ' 6~1 51 
45 WANG USA :?oii: 1 ;s 5 
47 MARTIN·t.tAR!Ei"'U lSA "" .. "' _:; :)\, l .;, s 
48 THORN·EMI G·B ~.:~r,1 '~ it~ ~ 

.&9 MC DONNELL DOUGLAS US.\ .?JuCI :;1 iC .:.: 
' ~~OKI J..\P ~:?or.1 •JI iC.1 -

I I ~OTAL 371590 701 726 

Source : Thomson, 1987, p. 37 
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Table Ill-2 : STRiJCTURE OF 1985 PllODUCTIOll BT THE MAJOR ZONES AS PERCEMTAGES 

Biens d"cquipcment 
Composants 
Biens de consommatioa 

Etats-Unis 
73.8 
22.8 
3.4 

Europe 
73.S 
17.6 
8.9 

Asie 
38.8 
33.S 
27.7 

Source : Puuwna clc t•iadustrie Qectronique mondiale. E.l.C •• 1987. 

12. Tbe industrial structure of each of these zones re11ains bighly 
•pecific. In a general llllllller tbe American constructors are 90re bighly 
•pecialised than tbeir foreign bOllOlogues: they realise an iaportant part of 
their turnover in a liaited number of •ectors. By contrast tbe .Japanese 
groups are characterised by tbe high degree of diversity in tbeir activitie•. 
Betftell tbese tvo extremes Europe includes firms lite lull and Bixdorf. which 
are specialised in informatics. and others lite CGE and Siemens• vhicb are 
highly diversified. 

13. Although electronics products are nov increasingly h0110geneous across 
all world .. rtets it would appear that tbe principal producers do not 
coastitute an undifferentiatad category. Tbe differences in the national 
industrial structures have orientated tbe foras of tbe international division 
of labour and hence tbe specialisation of firas on a world scale. .!'.!!!. 
opening up of aarkets to the outside has been effected on the basis of the 
CO!J!!titive capacities of tbe groups 1 thwelves founded oa the specific 
advantages furnished by the domestic eovirownts froa which they started. 
Tbe .Japanese find their forces in the rapidity of diffusion of new aass 
cons1111er goods and in the search for quality in their production operations. 
Tbe American firas depend upon the high level of developi8nt of their domestic 
aarltet. the base for the e.ergence of innovations. thus .Japanese finu 
occupy iaportant parts of the aarket in the aass consumer electrGnics and in 
certain fields of seaiconductors such as 641t and 256k DRAM's. American 
suppliers dominate the production of information processing equipi8nt. 

14. Further110re the internationalisation strategies of the electronics 
groups take their national specificities into account. It .. y also be 
pointed out that the American firms have chosen to develop on an international 
scale by vay of the creation of subsidiaries abroad, firstly at the points of 
.. rketing, then seeking out advantageous wage costs. Europe is therefore 
penetrated by .Allerican investllents and so the approxi .. ting of its industrial 
•tructure to that of the United States can be seen to be accelerating. The 
large .Japanese firas, for their part, having based their coapetiveneH on a 
do•Htic production capacity for standard products with a high level of 
quality. are nov constrained to export products rather than .. nufacturing 
techniques. Their penetration of world .. rkets has aoved from those consumer 
good1 which do not require the iaplementation of an extensive network for 
customer 1ervicH to el ... ntary coaponents and before 110ving on to products 
vith a higher value added. In order to .. rket their production the Japanese 
firas have often operated 1trategie1 of alliance vith European or American 
fira1; recently, however, with the rise of the Yen against the Dollar and 
European currencie1, the establi•iiment of 1ub1idiaries ha1 accelerated. The 
European group•, caught between the technological advances of the American• 
and the efficacy of Japanese production aethods, and not having the optimal 
volumes of outlets on their territories of origin, have often only been able 
to carry out local reli1tance operations again1t foreign penetration. In 
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order to palliate these deficiencies they saaetimes atteapt to becoee 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 
international scale liai.ta the list of candidates to the largest existing 
groups. ID order to be able to play a aajor role iD the coostitution of the 
iadastry at world level it is aecessary to possess considerable resources. 
Firms mast possess ~!7 extenfive f:iaaacial resources if they are to face up 
to ccepetition which is Dov OD·• global scale, and away froa those zones which 
are sheltered by aatioaal policies. It is also necessary to devote 
coasiderable suas to research and developmeat. 

16. Secondly the groups mast possess a broad apectrlm of bov-hov and 
co.petences. !lost of thea already occupy positions of strength in se,,.ral 
iDclustrial seg11ents concenaed vi.th electrooics technologies (see Table 111-3). 

17. 'l'be formatioD of an oligopoly will be accompanied by a aajor industrial 
restructuring, inasfar as this will be the result of vigorous competition 
between the various candidates, all of whoa knov that their surri.val is at 
stake. The conflict can only be resolved by the disruption of 11a11y positions 
acquired on the aajor utional aartets. 'l'bis must necessarily come about by 
the iaposition of nev rules for the fuactioning of industry and hence by a Dev 
definition of its frontiers and its organisation. 

18. Reducing the principal actors to a saall nuaber iaplies that these vill 
be seen as suppliers of CO!J?lete and integrated solutions rather than as 
offeriDg isolated goods. Several trends militate against this route. One 
finds, first of all, that the evolution of the technology of COllponents is 
iacreasingly orientated towards increasing their degree of integration. 1!!! 
CO!pO!lent increasingly approxi .. tes to a systee. In the situation on the 
existing .. rket, d011inated by a price var, only those groups capable of 
controlling very high volume production outlets can face up to the competition 
and benefit froa the value added in the dovnstreaa stages of COllponent 
11&Dufacture. The captive producers are those which are best able today to 
resist the crisis of overproduction in this segment of the industry. 

Source 

Table III-3 : THE TD LEAJ>IRG GROUPS IR THE WORLD, AS CLASSIFIED 
BY THEIR ELECTROBICS TOUOVER- .. 

Total 1987 1987 HD Infora. Telec011a.Int. Circ. 
US$ a US$ a 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 l 5 
GM 101,781.9 4,071.2 31 - nd 
RC 18,236.8 1,711.4 5 4 2 
GE 40,515 1,194 53 - nd 
SIEllDS 28,615.7 3,455.7 7 5 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 

Datamation, 15.6.1988; ThOll9on, 1987; FORTUNE, April 1988 
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19. Finally it aust be noted that penetration of an increasingly vast field 
of applications, from .anageaent to production, through electronic techniques 
to inforaation processing, leaves users increasingly at a loss when faced with 
the problems posed by the installation of systeas in vbich complexity 
iocrease$ ~ithout cease and vbich ~oday cause difficulties because of the lack 
of compatibility of the various elements froa vbich they are built. 
Furthermore commissioning a systea froa its co.pooeat parts becomes a 
c09peteace io itself. The leaders of the oligopoly vill therefore become 
vast integrated groups offering co.plete solutions. this vill be followed by 
a reduction in the degree of specialisation of the principal actors (E. de 
ROIIER, 1986, p.179). 

20. tbe coapetition in regard to co.plete solutions on a world .. rtet and 
the reduction in the degree of specialisation of the participants vill 
definitively lead to the arovi.ng siailarity of the organisational and 
operational characteristics of the principal protagonists. tbe existing 
differeaces 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 iapleaentation of a global oligopolistic unity. 

21. tbe advance to integration will. in the last resort, take off froa a 
double point of departure: that of production co.petence, or that of 
utilisation. It is found. in fact, that the principal actors consist on the 
one side of groups which COiie froa the traditional segments of the electronics 
industry. such as IBM. ATT, Philips or REC and on the other side of newly
arrived firas fro• .. jor user sectors and with foraidable financial resources 
such as General Motors or even General Electric. The first category justify 
the11aelves by the fact that, as enterprises already engaged in thi3 type of 
activity, they have the design and production know-how vhich allows them to 
construct an assemblage of coapetences which integrates all the coapleaentary 
eleaents necessary for establishing a supply of c0taplete systems. The second 
category are founded principally on a capacity for integration by enforcing 
the standardisation of the coeponents and on their financial power which can 
encourage thea to ext~act advantage froa this successful integration to become 
assemblers in thei~ turn. In this respect it is particularly interesting to 
note that this strategy vill 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 constitution 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 111-4 
sets out the possible evolutions of the five American groups when account is 
taken of the growth perspectives of the various urltet 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 Rong ~ong in 1962 vas the start of 
the continuing vave of relocation of North Aaerican electronics firas. In 
fact from the beginning of the sixties Japanese firas had begun to contest the 
Aaerican advance in the field of active coaponents. In 1957 Aaerican firas 
produced 29 million transistors and the Japanese 6 •illion: by 1961 the 
figures were 191 aillion and 180 •illion transistors respectively. The ratio 
had thus fallen froa 4.83 in favour of the United States to 1.06 (J. GRUNWALD 
and K. FLAMM. 1985 9 pp. 68-70). Such a threat led the Aaerican producers. 
until then doainant. to modify their production processes: PHILCO totally 
autoaated its production. FAIRCHILD chose relocation. The choice made by 
PHILCO aade it difficult to aake changes in technology in an industry where 
the life cycle of the product is known to be very short. Some years later 
the firm bad to abandon its semiconductors activity. Most aanufacturers 
followed ~be example of FAIRCHILD. 

24. It was also Japanese co•petition 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 in both 
Taiwan and Mexico to manufacture or assemble television sets. In 1971 ZENITH 
followed the same route. At the saae time the US Tariff Comaission accused 
Japanese manufacturers u:" dumping. This resulted five years later in the 
impleaentation of the Orderly Marketing Agreement (OMA) which was siaply 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 bad 
meanwhile established themselves on the American market. SONY bad 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 
cbRin 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 vas 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 Horth American electronics firms had nearly 1\ million 
employees outside the United States (Table Ill-5) of which 391 are in 
informatics and 25S 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 the&~ 
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 indu,try (Michael McGRATH, 1988, p.144). 
International production makes it possible to increase sales significantly. 
Thus, as shown in diagram Ill-1, vhen the percentage of European saJ.es 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 20% of 
turnover can be achieved in Europe vith little or no local production, but 
beyond this point local production becomes necessary. A firm like COMMODORE 
is not just relocated but fl also perceived as being autochthonous in West 
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Germany or in the United Kingdom. According to K. OHMAE s~ch a 
characteristic constitutes one of the conditions allowing a company to become 
"triadic" (K. OHMAE, 1985, pp. 299-304). 

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

MIOD Total % Qmda. 8JEqJe ..... lat.la. Mia 

Office ml aeneral 
in.fomatics 3]IJ(JOO )IJ.72 289CX> 220:m 3260> 24700 

Radio, 'lY -
~mcatioas 187700 21.96 9100 62700 lo:D> ~ 51600 

°"'P"'lfll!!ts -
~IOries l<WIOO 12.21 6700 33500 3600 5600 53100 
~t-

pncisim 215400 25~21> 16CXX> 13S<XX> 16fi00 2~ 61.oo 

'lOfAI. elecb:mics 84noo 99.()IJ 60700 451500 6m> 105100 111100 

Softlme ml jnformtics 
services 7ax> 0.91 Im 4700 0 

OUDAU. 'lUlAl. 854900 100.00 61500 456m 6m> 105100 111100 
.ALL IC'tlVItDS <i64G100 12.87 91DX> 2766700 ~ 1350600 S268X) 

Source GERDIC, from data from Electronic Business 

Diagram Ill-1 : CORRELATION BETWEEN SALES AND MANUFACTURING 

Source 

~ Europan sales as a pen:enlaQt of &oral sales• 

60%-

50% - ~. 

4~- DEC 4.~ 

10',{, -

Nell •• 4. llM 

DG ,..,... ' .... HP l'Mll 
•• e-.q ~w 0• "" ...... """"' 

""" -
20%-

I None Low Medium Hlgll 

Degree of European manuf acluring ....... , ..... 

Electronic Business, 1 May 1988, p.144 

Others 

27«X> 

9100 

"6700 

181700 

18ft<XX> 
1384m 
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27. North American firms were not the only ones to opt for relocation. 
European and Japanese firms have been very active since the beginning of the 
eighties, and the movement is becoming intensified. Table 111-6 gives the 
position regarding foreign electronics firms in the United States: tvo of 
them, Philips and Matsushita, realise 54%, and aost of them h~ve production 
units in the United States. One can see the significant share of these 
groups on ~he Borth 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 tvo branches included. This brings the share 
of the Borth Alllerican market held by the groups set out here to 18.6% and 
14.7% respectively. 

28. Initially concentrated on their ovn territory the Japanese firms have 
subsequently been led to follow the relocation aoveaent. Protectionist 
tensions and variations in exchange rates have amplified the phenomenon. 
Japanese electronics firms now have 501 establishaents outside Japan, 82 (16%) 
being in the United States, 61 (12%) in Europe and 279 (56%) in Asia. The 
search for lover 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 v1th the 17,541 electronics companies listed in Japan. 
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Table 111-6 THE ELECTRONICS TURNOVER OF FOREIGN GROUPS 
IN THE UNITED STATES 

•••••••••••••••••••••••••••••••••••••••• 
tH 11 ions de dollars • 1986-87 " 1985-86 " • 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• MATSUSHITA • 6700 18.86S 6520 17,76S • 
• PHILIPS E • 3993 11,24S 3430 9,34S • 
• HITACHI • 3030 8,53S 2920 7,95S • 
• NORTHERN TELECOH • 2860 8,05" 2870 1.a2s • 
• SON"f • 2634 7,41S 2250 6,13" • 
• TOSHIBA • 2000 5,63S 1310 3,57S • 
• NEC • 1948 S,48S 1450 3,95" • 
• SHARP • 1600 4,50S 1460 3,98S • 
• SlEtlENS E • 1500 4,22" 1340 3,65" • 
• JVC • 1335 3,76S 950 2.59S • 
• MITSUBISHI • 1200 3,38S 1000 2,72S • 
• SAN"iO • 1200 3,38S 1200 3.27S • 
• FUJITSU • 1170 3,29S 650 1,77S • 
*· CANON • 1150 3,24% 1090 2,97S • 
It GEC E • 1100 3,10% 980 2,67S • 
• CGE E • 865 2,43" 320 0,87" • 
• OLIVETTI E • 835 2,35S 620 1,69" • 
• SAMSUNG ELECTRONICS • 800 2,25" 550 1,50S • 
• KYOCERA • 542 1,53" 485 1,32" • 
• C. ITOH • 500 l.41S 500 1, 36" • 
• RAC AL E • 475 1. 34" 470 1,28S • 
• SCHLUMBERGER • 450 1,27" 900 2,45S • 
• TDK • 450 1,27" 430 1, 17" • 
• LEX SERVICES E • 442 1,24S 390 1,06" • 
• THORN EHi E • 430 1,21S 430 1, 17" * 
• THOMSON CSF E • 425 1,2os 300 0,82S • 
• ERICSSON E • 400 1,13S 310 0,84" • 
• BAYER E • 370 1,04" 0,00" • 
• ALPS • 325 0,91S 240 0,65S • 
• PLESSEY E • 280 0,79S 260 0,71" * 
• COHHODORE • 230 0,65" 360 0,98" • 
• BROTHER INDUSTRIES • 185 0,52" 138 0,38" • 
• BOSCH E • 180 0,51S o,oos • 
• AEG E • 140 0,39S 100 0,27" • 
• HITEL • 139 0,39S 130 0,35S • 
• NIXDORF E • 130 o, a1s 130 0,35" • 
• HANNESl'1ANN E • 120 0,34" 120 0,33S • 
• CANADIAN HARCONI • 98 0,28S 110 0,30" • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• TOTAL • 35531 100,00" 30193 82,24" • 
• dont eur·opeennes • 11685 32,89" 9200 25,06" • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Source GERDIC, from data in Electronic Bu1ine1s 
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Table III-7 THE OVERSEAS ESTABLISHMENTS OF JAPANESE 
ELECTRONICS FIRMS 
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29. Symmetrically vith the initially veak movement of relocation of 
Japanese firas the level of foreign establishment in Japan vas aodest. The 
fifty leading foreign electronics firas eaployed 78,900 person in 1985 {Table 
111-8), hardly 6% of the 1.2 aillion eaployees in the electronics industry in 
this country. Furtheraore the 251 foreign subsidiaries in electronics listed 
by GERDIC account for 88,300 jobs. It is obvious therefore that the aove.ent 
towards globalisation of firas reaains iDCQ!plete and, if the hypothesis of 
~. OIUIAE is verified, ve are likely to see a very sustained expansion of 
Direct Investllent abroad. But this aovement meets nationalist pressures, for 
example in the United States, vbich could prevent it froa taking place. 

30. Irrespective of its degree of achievement this globalisation results in 
increasingly large intra-fira flovs. The 1982 lenchaart .. tes it possible to 
retrace, in the United States and for the electronics industry, the trade 
flows betveen the parent coapanies, their subsidiaries and the rest of the 
vorld. This data is set out in Table III-9. It shovs the .. gnitude of 
these flows vbich nov represent US$ 226 billion, froa vbich are to be deducted 
US$ 127b sold by the parent f iras in the United States and vbich thus do not 
enter into international trading. In total US$ 36b are exchanged within the 
Borth American multinationals, or 26% of the US$ 140b worth of electronics 
vbich vere traded in the vorld in 1982. 

Elqlorted 'l'O 
flDI 
Pannt 
9Dsidiary 
OtberlE 
Other 

'lUfA1. 

Perc:entaae 

Table III-9 : TRADING FLOVS OF AMERICAB MULTIRATIONALS IR 
ELECTRONICS IR 1982 {US$a) 

Puent ~- Other m Other Total 

16Xl8 126936 8315 151559 
52n 14856 ll(j() 51100 n688 

348 348 
2984 2984 

8256 31512 127396 59ft15 226579 

3.6 13.9 56.2 26.2 100.0 

,!!!!!!. : <m:>IC, frcm US Department of Camerce, 1985 

{%) 

66.9 
31,6 
0.2 
1.3 

100.0 

31. Progressively, with this globalisation of production, there is a 
decoupling between the production of firas and their territorial base. In 
Table III-9a we provide a breakdown of the turnover of firms in the major 
zones of the Big Three. Vith 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 10% 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 COMPARISOM OF TEllITOR.IAL Pl.ODUCTION AND LOCAL TURNOVER. OF 
FOl.EIGN FlllltS IN 1984 (in US% ai.llions) 
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1.2.2. Cooperation in all directions 

32. During tha sixties the joint subsidiaries vith foreign firas had as 
their objective a reduction in costs and so followed the proposals of the CLEE 
aoclel. Since the eighties the significance of these alliances bas been quite 
different, being essentially to affir. the ca.petitive advantage of their 
associates. Previously the coalition vas tactical, that is to say that, 
li.aited in extent and in tille, it allowed less costly and 80re rapid access to 
the aartets and the technology. 1'ov it is strategic and links co.petitors in 
a structured aanner (K. POTrS and P. BEHR, 1987, p.27). 

33. Purchases or mergers, often preferred to cooperation, have coae to the 
fore since the beginning of the eipties. In the field of software and 
inforaatics and services alone purchases bad i.-creased by 491 in 1985 in the 
United States. The present vave started in i.)82, finding its origin in 
several events. Firstly the latent inflation of the seventies resulted in a 
considerable under-e•aluatioa of assets. Then risk capital became in short 
supply for nev firws; this is vhy soae of the. sought buyers. Finally the 
accumulated excess production capacities in numerous sectors led to mergers 
between foraer ca.petitors. Ia the electronics industry these aergers were 
spectacular. Table III-10 shovs soae of these purchases in tbe United 
States. The first four such mergers alone cost 80re than US$ 17b. But this 
movement had been favoured in the United States by the .acro-econoaic context 
and fiscal legislation. It is blown, for exa91?le, that the 1981 Ecoooaic 
Recovery ~ax Act allowed Borth American firms to release very considerable 
liquidities by aecelerating certain a110rtisation procedures. Further.ore a 
legal decision of 1935 reaoved 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 8110rtise it. 

34. Parallel ·~o the merger 110ve11ent there vas a consid£ able phenomenon of 
disinvestllent o a the part of certain fims. There vere aany reasons for 
this: soae vere financial, For exaaple assets bad a higher sale value when 
they vere ... !gamated vith an industrial group or vitb a conglomerate. Once 
again inflation had aeant that share profits increased less 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 vhy one observed the restructuring of older conglomerates 
auch as LITTON. ITT, for exa11ple, sold 66 of its divisions up to 1984 and 
then 19 during the first six months of 1985. TEXTRON Inc. sold four 
COllpanies so that it could buy AVCO, SINGER sold three of its electronics 
divisions, etc. 

35. In addition to the financial choices it vas the checks to mergers which 
often explained disinvestments. Mc~INSEY Consultants examined a sample of 58 
acquisitions between 1972 and 1983: 32 of them did not provide a yield which 
would aake the capital profitable, whilst 30 did not ieprove the 
cOllpetitiveness of the group (S.E. PROlESCH, 1985, p.65): one acquisition out 
of three is abandonned. Between 1980 and 1984 the number of disinvestments 
increased by 35%, bec011ing the effect and the cause of "mergermania". 
Observing acquisitions exceeding US$ 100 million in 1986 McKINSEY found 
that 751 of the purchasers soon abandonned the new assets vhich had been 
acquired. This figure vas only 20% at the end of the seventies (J.H. 
DOBRZYMSll, 1988, p.58). 

36. In fact much 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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COllpetitors rather than remain in the bought-out firm: the purchaser has thus 
purchased an eapty box, often at a high price. Kore than half of these occur 
in high technology sectors. 

37. In 1983 the number of cooperations announced in the United States in 
these industries vas higher than all those previously announced in these 
sectors. R.R. OSBORR and c.c. BAUGBR (1987) observed the foraation of joint 
Japanese/United States subsidiaries between Aut\19D 1984 and Autuma 1986 • 
They listed 189 of these. 67 being in the electrical and electronics 
industries. divided up as follows 

Electrical and electronics industries 11 
TelecOllllUDications 14 
Precision engineering 11 
Inforaation processing 18 
Software 4 
Seaiconductors 5 
llechatronics 4 

These relationships rest on the specialisation of the tvo partners and force 
thea to respond to capital additions or in liaited technology. If the older 
alliances• in the sixties• depended on an as,_try of resources of the 
partners they are nov concluded between coapanies of c011parable technological 
level. This explains vhy R & D plays an important role and vhy joint 
subsidiaries. which show the desire to aake cooperation last, are preferred to 
licensing agreements. This also explains vhy joint subsidiaries vhere one of 
the partners is American are aore numerous in Japan and vhy aore Japanese 
fires than those of other countries fora joint subsidiaries in the United 
States (D.B. CBRISTELOV, 1987, p.11). Table Ill-11 shows the fifty leading 
joint subsidiaries established in Japan in the electronics industry, 
classified according to the criterion of nuaber of employees. It will be 
seen that 84% ~f the employees belong to subsidiaries in v!iich one partner is 
an American group; this confirms for the electronics industry the aore 
general observations of D.B. CBRISTELOV. 

38. European firms have not ignored this movement towards cooperation. 
Exaaination of a sample of 497 agreements involving European firms in 1980 and 
1985 L.~.MYTEUA and M. DELAPIERRE 0987) found that scarcely 25% of the 
agreements are concluded between European firms, whereas 54% of them are 
established vith North .American firms. These geographical choices reflect 
the search for partners vhose 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 exaaple that between STC and ICL or the purchase of 
DATASAAB by L.M. ERICSSON. The European prograames have contributed towards 
multiplying intra-European agreeaents but have not however modified the 
opening up of European groups to the Big Three (Figure 111-2). 
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Table 111-10 : A SAMPLING OF RECEMT llECADEALS IM 
t8E ELECTROIICS IRDUSTRY 

A sampling of recent megadeals 
in the electronics industry 

........... 
~ Eleclnc Co.IACA Corp. 

GeMral "-n CorpJHugMs ~Co. 
..... $ognll Compai"9S Inc.Nied Corp. 

llMIMCI Communcalion.s Corp.~· 
MCl~~Businns5,-m 

Dow Jon9S ' Co./felenM Inc:. 
fl.ale TlleSIS ~ lllClldries Inc:. 

American &ptns CoJFftr 0.. Aaaulas Inc.~~ 
Brilisft ~ PlcJMMI Corp. (51') 
~DD Rrrrtd' Inc:. 

..__,,GIOUp(Wmft. ~ Dlfa ~Corp. 
(Ive u.s --- unils) 

Easlmln Kodal ~m Corp. 
.,.,._,~~v 

Times Minar Micrawaw ~Co. 
s.n-s AGlr.lecom Plus~ Inc. 
~ SaftwalW lnc.llnfannalic ~Corp. 

ConlinlfQr Telecom inc.IAmerican SC.-. Co. Pd 
Space Communiclllions Co. 

a.n & How9ll CoJ\lnMfsily Micralilms Inc. ~ uniQ 
Aesoun:es lnc.ITRT Communicaons Inc. 
AT&T~ions Sacellile Corp. 

(5C)IMi at °"" Eann SUlionsJ 
Concineftlll Telecom lnc.JIPC ~ 

Sysaems 0.519MfS lr-..marional PlcJWamnglOR A.uocialres Inc. 
A11anCic: Rese.n::ft Corp.ISysiematics Genetai Corp. 

Naflo~I Business Syslems lf1c:JOEK IOenlifalion Sysiems 
(diviMln d MoftaWk Om Sciences Corp ) 

McDonMI Douglas lnfonNliolt Sysiems Group' 
Applied Rese..ai d Camondge. UK 

Pstc. peld 
(S ldoonsl 

S6.2IO 
SS.000 
SC.950 
S1JJOO 

$4&0 

$4&0 

$C31 
1239 
1217 
1215 
S1IO 

111.: 
$175 

$145 
S14' 
$105 

$100 
S56 
S55 

SSS 
$26 
$2( 
S13 

S13 
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Table III-11 : JOillT SUBSIDIARIES IN JAPAN AS AT 1 JAllUARY 1985 
(Nuaber of eaployees and date of creation) 
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Figure 111-2 THE RUKBER OF IN't'.ER-EUROPEAN AGREEMENTS SIGNED 
WITHIN THE FRAMEVORI. OF ESPRIT 

---------------------------------------------------------------------------------- I I 
I I 

[7] 

C:Sl 
AEG C12l ClOl 

I \ \ C5l---NIXDORF --CBl 
I C5l \ I \ : I 

I I I 
I I I 

C7l-OLIVETTI 
I 

[131--STC--
[7] 

C6l STET-C5l-GEC-----------C7l--------BULL 
\ C6l I: \ \ : : \ .!· 

[6] : 

\ 
C9l----SIEl'1ENS 

\ I I : \ C5l--CGE----C5l----:: 
TH011SON [131: \ I 

\ C5l -----C7J--: 
[5~ C5l C:Sl 

\ PHILIPS 
PLESSEY----C5l--: :---------------ClOl---: 

---------------------------(61-------------------
BB The diagram excludes pairs of companies having less than five projects 

in comaon. 

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

39. The relaxing of the anti-trust legislation has undoubtedly amplified 
the vave of bilateral collaboration vhich ve can see. Bovever it vould seem 
to us that it meets a structural rather than an economic necessity: hov else 
are ve to understand hov REC, the principal competitor of IBTEL 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 
simultaoeGusly prohibiting acquiring enterprises there. 
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1.3. Zooming in on the sectors 

1.3.1. Informatics : the nev datum 

40. Since the beginning of the eighties evolution in the architectures of 
inforaation processing systeas bas accelerated vith the convergence of 
telecommunications and informatics and, also, the aultiplication of micro
coaputers in the field. The highly centralised systeas have had to evolve 
rapidly towards a distributed architecture, at the saae tiae demanding the 
establishment of c~ications networks. The producers of coaputers 
experienced aany difficulties in satisfying the nev needs of the users in 
regard to connections, integrated applications or coexisting interfaces. The 
principal cause of these problems vas the absence of co..unications standards, 
and all manufacturers therefore attempted to develop and to promote the Open 
Systems Interconnection (OSI) standard. 

41. The fonnation in 1984 of an informal association of twelve European 
manufacturers, the Standard Promotion and Application Group (SPAG) stimulated 
the development of the standardisation vork undertaken by the International 
Standards Organization (ISO). It was as a result of an ISO initiative that 
the seven-layer structure or OSI vas published in 1978. In response to the 
European initiative all the major North American manufacturers joined to form 
the Corporetion for Open Systems (COS) in order to iaplement 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 (EVOS), 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 systems. 
For the manufacturers this Mans that, in the future, the use of multi
su lier informatics installations Cthat is to sa e ui ment rou in to ether 
units from various producers will 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 system3. Open (and universal) Local 
Area Networks (LANs) will provide the competitive challenge • 
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44. Technological evolution bas transformed information processing 
equipment into a "product" which buyers can purchase at aoderate 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 aicro-coaaputers produced in long runs, each manufacturer had 
his own systems architecture and bis own software. After having bought the 
hardware froa a aanufacturer the site was "locked in ", since software and the 
peripherals added to the system could not be transferred to another aachine. 
Obviously the manufacturers obtained their margins on these two classes of 
product, and a producer do~inant in central processing units could establish 
his de facto domination in peripherals and software. Examination of the 
results of inforaatics groups in 1987 shows this older state of affairs since 
there is still, in the case of aanufacturers of universal coaputers, soae 
proportionality between the aarket 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 111-12). By choosing small 
systems the users can avoid getting "locked in" in this way. 

• 

• 
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Table III-12 TH~ POSITIONS OF THE TWENTY LEADING WORLD GROUPS IN 
INFORMATICS BY MARKET SEGMENT IN 1987 

(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 competition through 
prices. Since the sales of nicro-cOllputers repres~nt a groving proportion of 
their income the p~oducers of universal computers are becoming vulnerable. 
Without being in danger IBM presents deceptive results: an increase of 5.9% 
in 1987 vith a reduction in net profits of 18% in the second quarter of 1988 
because of the restructurings undertaken. Firms vho had developed their won 
softvare attempted to acquire exper"tise in comaunications by buying 
independent softvare 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 vhich, according to Dataquest, 
fell from 71% in 1984 to 34% 1986. In order tt.> keep itself aloof from a 
market vhich it was failing to mastP.r the Armonk cOllpany was forced to put 
forward a PC, the PS/2, vhich was difficult to imitate and vhich runs under 
its ovn operating system. Delivered from 1987 onvards, 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 comyatibility tests vhich allow it to di5cover the 
"clones" which infringe its patents. However the grovth 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 APlLE, have resisted standards which would have 
opened up their systems and subjected them to the same levels of competition. 
This bas led to some rapprochements, such as DEC-IBM and DEC-APPLE, to try to 
integrate the hardware of ona 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 IBM, 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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THE STRUCTURE OF THE VORLD INFORMATICS 
MARKET IN 1987 
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GERDIC, after DATAMATION, 15 June 1988 

1.3.2. Software : consolidation 

48. The market for software and informatics services is directly subject to 
the restructurings operating in informatics. Users are looking 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 proc£:ssors 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 COllputers in a department. The constraints are of two 
orders: perfect compatibility with the standards of the Integrated Services 
Digital Network (ISDt!) and those of the OSI (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 technique). 

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 l•unched its SYMPHONY applications program 
and its new versior1 of 1.2.3, the marketing costs accounted for 20% of the 
turnover. Failing thh 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. Nev difficulties are accuaulating for this industry which developed in 
the seventies as a result of the establishment of new enterprises (ASHTON-TATE 
vas founded in 1981). In the United States the retirement funds vhich had, 
until the present tii.6 1 provided a regular source of risk capital, evaporated 
after the stock aarket crash. The creation of young coapanies risks being 
liaited by this phenomenon vhilst 1 at the same time, firas vith private 
capital vere obliged to defer their entry onto the stock aarket. This leaves 
firas little choice between leaving the industry, being bought out or merging. 
This movement is nov in operation; since the first nine aonths of 1987 there 
vere, in the United States alone, 65 aergers or acquisitions in the software 
and inforaatics services industry, totalling US$ 1. 78 billion, and this has 
accelerated in 1988: Thoason-CSF has bought the Sii Divi:;lon of DUR & 
BRADSTREET, CAP GEMINI SOGETI has launched an OPA on the largest firm in the 
field, DATALOGIC, and has bought 51% of the capital of SESA, 36% of that of 
CISI and 28% of that of CAP GROUP, whilst W.ARG bas acquired GIS. 

51. From their side the hardware aanufacturers are seeing their hardware 
margins collapse vhilst succeeding in aaintaining them in software. 
Furthermore the software aaltes it possible to differentiate systems between 
the machine producers and also to distinguish the latter from the Independent 
Software Vendors or ISV. Further examination of Table III-12 shovs tae 
relative veight of the software turnover of the major firms: 13.5% for IBM, 
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 than to accentuate the competition with them. 

52. The relations between IBM and Microsoft shov clearly bow micro
informatics bas demanded strategic revisions on the part of the manufacturers. 
Nov offering integrated solutions to the users they are gradually becoming 
"producers of services". To do this they must multiply their alliances 1 

vhich can take different forms. Some consist of exclusive distribution 
contracts, such as the IBM-ROGAN 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 III-4). 
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Figure III-4 STRUCTURE OF THE WORLD MARKET FOR SOFTWARE 
AND INFORMATICS SERVICES IN 1987 
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1.3.3. Teleco11111Unications the challenges of ISDN 
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53. The deregulation of ATT in the United States in January 1984 
established a kind of reference point for the telecoanunications industry. 
Its effects, vbich it is still too early to evaluate fully, have above all 
been to introduce competition through prices in telecomaunications equipment 
and to accelerate the establishment of the Integrated Services Digital Network 
(ISDN). 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 
ATr is trying to adapt its numerical 5 E~S 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 T~lecom firm. Finally, 
and more spectacularly, the transfer of the teleco1D1Duni:~ations branch of ITT 
to CGE in 1987 shows the tensions operating on this market. The 
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aultiplication of agreements and alliances, foreshadowing an i .. inent 
restructuring, is thus even 11.0re characteristic of this branch than those 
discussed above (Table III-13). 

55. IBM itself bas not ignored this shift towards the intelligent network. 
In June 1985 it purchased 401 of the shares of Satellite Business Systeas 
(SBS) 9 an activity it lacked. Then it acquired 261 of the capital in MCI. 
tbe principal competitor of ATT in long-distance COllllUllications. It 
transferred SBS to MCI. after having cleared its debts. Siaultaneously it 
signed agreeaents with Sieaens AG or L.K. Ericsson to develop interfaces 
between its coaputers and their respective switching units. In addition, and 
vitbin the framework of agreeaents vith United Telecomaunications Corporation. 
and obviously also with llCI Comaunications 9 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 firas. However the transfer in July 1'88 
of IBM's shares in MCI indicates a withdrawal by IBM from the 
teleco..unications 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 seaiconductors industry is 
expecting considerable returns. Kost 11&11ufacturers offered prototype 
seaiconductors in 1985 or 1986. It is true that telec01DUnications represent 
201 of the world .. rket for integrated circuits an~ the seaiconductors/ISDN 
segllellt is promised a high rate of growth; it bad already trebled in the 
United States between 1982 and 1985, reaching US$ 1.6 billion. ATT 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 uperience. 
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Table 111-13 : A BLOSSOMING OF AD HOC AGREEKENTS FOR -
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57. The telece>1111unications industry, vhich in the eyes of •any observers is 
insufficiently concentrated, needs to be restructured. In public svitching 
units this phenomenon bas begun. Thus GEC, Plessey and STC have come 
together to develop System X, whilst GTE and ITALTEL are vorting together on 
the Proteo UT-10. There is a progressive oligopolisation of the supply. 
There is even a aove tovards a duopolistic structure of the aajor aartets 
CATT-Northern Teleco. in the United States, Plessey-Fricsson in Great Britain 
and Sie.ens-SEL in Vest Geraany). According to G. DANG RGUYEN the 
teleco.aunications industry bas, after a long phase of U..Obilisation, begun a 
aajor restructuring. The establishment of the ISDN .eans for the European or 
J•panese {NRR) telecoaaunications bodies an anti-deregulation arm which .. kes 
it possible to avoid coapetitive anarchy. But the aanufacturers are seeking 
to expand into external aarkets whilst still hoping to aaintain their 
privileged links vith their national operators {G. DANG NGUYEN, 1987, pp.35-
36). It is within this context that the alliances will be consolidated or 
denounced, in the latter case leading to a 11Ultiplication of mergers which are 
preferred to fragile alliances. 

Figure lll-5 : THE STRUCTURE OF THE WORLD TELECOllmBICATIONS 
MAllET IN 1986 
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1.3.4. Mass Consumer Electronics (HCE) : new prospects 

58. At a vorld level the principal HCE 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 111-14). 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 le,ding 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 ~orea have honourable positions amongst the fifty leading 
firas of the branch: LUCKY GOLD STAR in 17th position, SAMSUNG in 20th 
position and DAEWOO in 27th position. LUC~Y GOLD STAR .. nufactures aass 
~ons1111er electronics products, and has introduced new technologies in its 
de>11estic electrical appliances. SAMSUNG is a conglomerate; 10% of its 
turnover comes fr011 aass consuaer products. The doaestic informatics branch 
was one of the entry routes into production in the electronics branch for 
firas in the developing countries in the sixties and seventies. The high 
level of COllpetition at world level, and the automation which brings vith it 
the necessity of aanufacturing in long production runs. fora increasingly 
aajor barriers to entry for these firas. 

60. The firas in doaestic informatics are those firas operating in .. ss 
consuaer electronics and also in domestic electrical appliances. because of 
the increasingly frequent introduction of electronic c011ponents in household 
appliances. The de>11estic electrical appliances industry therefore represents 
a vast aarket for electronic components such as aicroprocessors, clocks and 
sensors (cf Chapter V). It is estiaated that between 1. 5 and 3 aillion 
d011estic electrical appliances use soae type of electronic control; in 1987 
this only represented 5% to 10% of all such appliances. 

61. The juxtaposition of different productions is not organised in a ~andom 
aanner 11 certain industrial configurations being auch aore frequent than 
others. The first configuration is specialisation in mass consuaer 
electronics products: this is the case with some of the Japanese firms such 
as SONY and PIONEER. The second configuration is specialisation in doaestic 
informatics• the coming together of aass consumer audio-visual products and 
doaestic electrical appliances within the framework of firms resolutely 
orientated towards the aass consumer aarket. such as GENERAL ELECTRIC. The 
third configuration is that of firms engaged in different segments of the 
electronics segaent, such as SHARP, vbich produces office equipment and aass 
consumer products, and CASIO vhich is orientated towards informatics. The 
fourth configuration is the diversification of firms in the electronics 
branch. These firms, such as Philips and Thomson, manufacture professiGnal 
or ailitary electronics products as well as mass consumer products. Finally 
the fifth industrial configuration which one finds in domestic informatics 
firas 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 111-14 : MASS CONSUMER PRODUCTS 
TURNOVER IN US$a in 1986 

:~ PAYS G.P ""ro1 ... CUM .,_ ....... --
t MATSUSHITA J- 11200 t6 16 100 
2 PHIUPS P-ts 6W\ 10 25 ,,~ 

3SONY JAP 6300 9 l' 561 
' SANYO FISHER JAP 580C: 8 •2 52· 
5 HITACt-41 JAP .lSOC - •9 '° 6 Ge-ACA USA I :?500 s 5"' 31 
6 TOSHIBA fGEl .;AP I 3500 - 59 31 
!! SHARP J- I 2300 3 fj2 21 
9[THQMSON If-RA 2200 J 65 20 

10 - ·--·· J- nKAJ 3 68 t8 
10 SEIKO JAP ~ 3 i'O 18 
12 MITSUBISHI ELECTRIC J/.P 1~ 2 i'2 13 
12 THORN-EM! G-B lo&OO ' 7• 13 
1• CEPERAL MOTORS USA 1300 2 i6 12 

I 15 ZENITH USA I 12JC 21 i8 11 
I I Ii CASIO JAf' 1:mo i.' 80 11 

17 BOSCH RF,\ I 1100 , 81 10 c. 
17 LUCKY GOLD STJ.R Curt I 1100 2 SJ 10 
17 NEC (SUMITOMO) J,\P I 1100 2 a.a 10 
21) CLlRION JAP I IOCOI t a& , 
2!J SAtASUNG CUH I hlCO I 87 9 
22 FORD CSA 900 t 88 a 
23 Sii.AH SUI I 650 1 89 " 2• AMS TR AO tbB I 600 I 90 5 
25 CITIZEN J/llP s:io I 91 5 
2"i TRIO KEHWCCO JAP 52~1 1 32 5 
27 A~I (M1Tsue1SHI) .!AP 5CO l 92 .a 
2i CGE (I) 1""1A 500 I 93 " 27 DAEWOO Cv" soo I 9• " 27 NIPPON COL (HITA) JAP 500 I 9• ' 31 AIWA(SONY) JAt" .lOO I 95 " 31 CHRYSLER USA 400 I 96 4 
JI FWITSU .; """ I .lOOI l 96 4 
3• EPAERSOt' RADIO U~A I JBIJI ti 9; 3 
)5 NOKIA IFIN 350 :1 9; J 

I 36 LITTON us.a :!OC1 ') 98 3 
I 36 SANSUI JAP I JI)') c 18 :? 
I 38 GEtlERAL CORP. .lAt" I 200 0 98 2 

I 3! HONEYWELL (t) USA 200 ') 99 2 
3e TANDY USA 200 c 9!? 2 
38 TATUNG If-UH 200 I} 99 2 
42 DIEHL Hl"A 130 c 9(] , 
•3ASEA•ELECTROLUX sue 100 0 99 , 
'3 TCAC JAP 100 0 100 I 

45 HASLERIAUTOPHON {I) ~u1 I •') 0 100 I 

•• 6 TAOIRAtl (KOOR) I:>" I 6(i 0 101) I 

•7 ELEC'TrtONSKJ. ltlO. (IJ so c 100 0 
•i l~A" Sl~-::iLE" 

. ';SA ' 50 0 100 I) 

4;' ~·.·~')fl T~QE 1 1.:~ ... I =·=1 .I •c·~ r, 
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Source Thomson. I 9R 7. p. 3 I. 
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62. Since the aiddle of the seventies there has been, in world domestic 
informatics, a concentration of vorld production in Japan which has resulted 
in mergers of firas in other countries such as General Electric and RCA, 
Telefunken and Thoason, and then the ltCE Division of RCA was sold to Thomson. 
Finally there was the emergence of firms in the newly industrialised 
countries, essentially South lCorea and Yugoslavia. These aanoeuvres have 
taken place whilst the products of domestic informatics are becoaing more 
complex and addressed to aore sophisticated buyers. The colour television 
receiver, once standing solitary in the aiddle 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 iaproveaents in their performance offer to the ltCE 
producers an opportunity for growth by offering new prOC:ucts as proaising as 
television in the sixties or the video recorder today. It is also an 
opportunity for European and Horth Allerican producers, shipwrecked by the 
Japanese offensives. 

1.3.5. Components : the aajor upheavals 

63. The components industry is largely doainated by the Japanese manufac
turers; amongst the fifteen leading firas one finds nine Japanese firas, 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 nuaber of downstream 
branches. Table I11-15, which gives the turnovers in components, is not 
therefore sufficient to indicate to us the real doainance 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. If one is interested in the market for semiconductors (which represent 
about half the components) it can be seen from Figure III-6 that the American 
firms are more present on this market than appears from Table I11-15. In 
fact IBM is the largest producer of semiconductors with a captive production 
(111 of the market) and ATT holds 4%, but observation of the coaaercial market 
alone shows just how the Japanese firms have ~.-ecently upset the structure of 
the world market (Figure III-7) • 
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Figure IIl-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. Aaongst the structural characteristics of this industry 
(particularly that of the semiconduct~rs) 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. . In 
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 technoiogy 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 "ishing 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 companies 
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 vhi 1st 
concentrating on the ongoing innovation of the partners. 



-153-

Table IU-15 1986 TURNOVER IN COMPONENTS in USS millions 

l1U . .. PAYS 1,;UMt" • %tut %CUM %•"" .. ,"""' 

1 MATSUSHITA JAP 3100 5 s 100 
2PHIUPS P-8 3000 5 10 97 
3 NEC csuurrOMO) JAP 2800 5 15 90 
' TOSHIBA (GE) JAP 2600 ' 19 84 
S HITACHI iJAP 2300 4 23 " &TDK .IAP 2280 4 26 7• 
7 TEXAS INSTRUMENTS USA 2070 3 30 67 
8 FWITSU iJAP 2000 3 33 65 
9 AMPIPAMCOR USA 1900 3 36 61 

10 ALPS ELECTRIC JAP 1800 3 39 58 
10 MOTOROLA USA 1800 3 '2 sa 
12 GE-RCA IUSA 1400 2 " ,5 
13 KYOCERA IJAP 1300 2 46 ,2 
1' MURATA JN" 1200 2 '8 39 . 
15 3M USA 1100 2 50 35 
15 SIEMENS Ht-A 1100 2 52 35 
17 INTEL(IBM) USA 1000 2 54 32 
17 MITSUBISHI ELECTRIC JAP 1000 2 55 32 
17 N.S.C. USA 1000 2: 57 32 
20 OMRONTADEI . JAP 950 2 58 31 
21 ITT USA 900 1 60 29 
21 !THOMSON . ffiA 900 t 61 29 
23 SHARP JAP 850 1 63 27 
24 RAYCHEM USA 800 1 64 26 
2, SAMSUNG COR 800 1 65 26 
26 B.AS.F. IHM\ 740 1 67 24 
27 BAVEFIAGFA IHt-A 700 1 68 23 
28 AMO (SIEMENS) USA 620 1 69 20 
29 EATON L'SA 600 t 70 l9 
29 LITTON USA 600 11 71 19 
31 FAIRCHILD S.C (SCHL)(1) USA 500 1 72 16 
31 GEC G·B 500 1 72 16 
31 MITSUMI JAP 500 1 73 16 
31 OKI JAP 500 1 74 16 

I 
35 LPL (1) USA 490 1 75 16 
36 ROHM JAP 470 1 76 15 
37 FUTABA JAP '°o 1 76 13 
37 NIPPON CHEMICON JAP 400 1 77 13 
37 PENN CENTRAL USA 400 1 78 13 
37 TRW USA 400 1 78 13 
37 VARIAN USA 400 1 79 13j 
37 WESTINGHOUSE USA 400 1 eo 13 
'3 IRI HA 380 1 80 12 
44 MOLEX USA 3:>U 1 a1 11 
44 WESTERN DIGIT Al. USA 350 1 31 11 
46 GENERAL MOTORS USA 300 01 at 10 
'6 GOULD (1) USA 300 0 81 10 
'6 HONEYWELL (1) USA 300 0 82 10 
"'6 LUCKY GOLD STAR COR 300 0 a2 10 
"'6 SEIKO JAP 300 01 83 10 

I TOTAL 511SO 84! 1650 
I I 

Source : Thomson, 1987. p. 33. 
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66. As far as manufacture is concerned the semiconductors industry fifteen 
years ago vas a labour-intensive industry, vhich explains the investments by 
American groups in countries vith lov vage 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 
t~eir 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 
capitalistic, 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$ 1 of turnover has 
increased from US$ 0.2 in 1972 to US$ 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% of their turnover. Furthermore they give priority to productive 
investments (automation, increasing 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 allovs 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 CAMD) 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 ne li ible since invo1c1n from 
suhcontractin or inde endent oun ries reache US 9 Om 1n 198 and sh'OU"id 
reach US$ 1.2b in 1988. 
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These foundries are mainly Asiatic: for example Hyundai Electronics 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 agreeaent 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 Vaferscale 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 Taivan Semiconductor Manufacturing Coapany, 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. Vith 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 marketir.g or research. Simultaneously 
barriers to entry and to mobility seem to have been raised up, leading 
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 bad acquired companies, as a result of the 
profitability of their activities, from a financial standpoint, or. ~-··:.:,Y may 
not have known how to chol''!Je a "metier". In both case:i, as is sho1'ru 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 vorld. 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 h1.d acquired an undeniable superiority. Largely dominated by the 
production of civil 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 TH1: PRINCIPAL 
INDUSTRIALISED COUMTRIES (US$ aillions) 

1957 ., 1962 

Etats-Unis 12 566 15 16 300 
Japon 620 3.7 I 600 
R.F.A. I 130 6.7 I 200 
Royau"Dc-Uni I 130 6.7 I 300 
France 590 3.5 1 050 
Canada 480 2.8 450 
Italic 240 1.6 380 

Total 16 750 100 22 280 

Source : GERDIC d'apres le Conscil Economiquc ct Social. 1966. 

Figure III-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. Hovever 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 consid~cable dependence on 
the United States in certa~n fields, Europe bad acquired honourable positions 
in sheltered sectors such as telecolllllUnications or military applications. 
Japan, by contrast, organised concentration on the COllpetitive sectors of •ass 
consuaer electronics and then active co.ponents. Finally the establishment 
of foreign firas in Asia or Latin .Aaerica gave these zones a role vhich vas in 
no sense comaensurate vith the size of their national productive apparatus. 
Revertheless these establishments have alloved the development of local 
industrial structures vithin vbich are juxtaposed national small and aedium 
sized enterprises, foreign groups and, s011etiaes, national groups as in South 
~orea, India, Brazil and Taiwan. 

73. This technological catching-up had upset the hierarchy of the nations, 
and vbilst the European countries individually held positions vhich vere 110re 
fragile than at the end of the var the European COllllUllities accounted for more 
than 20% of vorld production. Raving arrived at second place in the vorld 
electronics industry in !961 Japan bas subsequently 118intained 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 cOllpared with their position in the 
fifties (Figure 111-8). 

74. F.lllployment 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 manpover but only 
realises 21% of the p~oduction. In Japan, by contrast, only 20% ~f 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 lndu:1trialised Countries (NIC), it is the variations in the 
combination of production factors vbich 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 shovn 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 Americ3n 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 thirt7 countries in 1986 (Annex Al) 
a typology of the territories appears very clearly. The active variables are 
the relative weights uf 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 compon~nt~: only Thailand 
has a significant MCE pole. Ireland benefits from a very considerable 
production of informatics hardware which exceeds 60% of it3 electronics 
production and differentiates it from other nations. Then comes the group of 
four Asian NICs, with Singapore slightly separated because informatics bas a 
weight more proper to that of the industrialised countries. ·raiwan, Hong 
long and North Korea have a structure dominated by MCE and active components. 
Korea and Indonesia are distinguished by the weight of .. elecommunications. 
In the industriali3ed coun.trie3, more specialised in high value added 
products, the structure of their production depends mainly on the exi3tence or 
not of .i military-directed industry or a telecommunications pole (see Annex 
A3). 
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ANALYSIS INTO PRINCIPAL COMPONENTS OF THE 
STRUCTURE OF PRODUCTION 
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2.1.2. Markets ~nd trading : factors for tension 

75. Markets and productions are dominated by the aajor pole of info1"1Batics 
and office inforaatics vhich accounts for 28% of the vhole, and accepting that 
software and services are not included in the BEP statistics. According to 
the EiC software and services vould represent 12% of the vhole. The tvo 
other major poles are ailitary/c01111Unications and passive coaponents {Figure 
111-12) but it toes not clearly distinguish the other bran~hes, the 
contribution of vhich varies between 10% and 11% with the ~ception of aedical 
and industrial {signals, laser systeas, security) the contribution of vhich 
ranges around 1%. Aut011ation, vhich does not fig\&re in the data, corresponds 
according to the EiC to about 6% of the total aarket. 

76. The electronics markets, estimated by the BEP at US$ 442 billion in 
1986, should have benefitted froa a growth of 17%, but a large proportion of 
this is due to changes in exchange rates. The real grovth is in fact auch 
aore modest, in the region of 1%, vith a fall in the deaand in the United 
States of 1.6%. The year 1987 vill have been characterised by a recovery, 
since world markets have increased by 4.7r in real terms, reaching aore than 
10% in the Asiatic countries with the exception of Japan {BEP, 1988, Vol.II, 
p.19). 
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Figure 111-13 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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THE MAJOR ITEMS IN THE 1986 TRADING BALANCE 
(US$ billions) 
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77. The production of electronics aaterials is 90Ving froe Japan to the 
countries of Pacific Asia. Countries lilte South ~rea, Singapore and 
Malaysia are attaining rates of production growth of the order of 241 whilst 
the traditional Far East countries, Taiwan and Rong long, are meeting 
coepetition from the Asean countries and see their growth reduced to the 
region of 101. This dynaaic bas led to an increase in the cons\Jal)tion of 
seaiconductors in Asia of aore than 651 in 1987, and should reaain around 401 
in 1988 according to Dataquest. The transfer of the Japanese activities 
towards the "Four Dragons" of South lorea, Taiwan, Rong long and Singapore, or 
to the other Asean countries, makes it possible to predict a .. jor increase in 
the demand for seaiconductors in this zone where domestic and foreign 
producers operate side by side. The forecasts are such that this zone 
should, by 1992, consume as many seaiconductors as Europe (Figure llI-13). 

78. Although the markets remain polarised in the industrialised countries 
and the big five alone represent 78.51, the introduction of certain newly 
industrialised countries into the world market se•s to have been achieved 
(cf Annexes A4, AS, A6 and Figure 111-9). The Brazilian and lorean markets 
nov approach, in absolute value, that of Rolland and exceed th~t of Sweden, 
even if the populations are very different. But if 921 of the markets are 
concentrated in the industrialised countries only 901 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 effect, added to the structural 
i.abalance caused by Japan, whose aarket represents slightly 110re than 141 of 
the world market but whose production exceeds 221 of the world total. With 
Japan it ie this 101 of the world production which defines the structural 
deficit in electronics in certain geographical zones. 

79. Figure 111-14 recapitulates for 1986 the imbalances in world trade. 
Western Europe and North America have deficits of US$ 12.8b and US$ 15.Sb 
respectively, whereas the Asean and Asian newly industrialised countries 
(Taiwan, Hong long, Singapore and South lorea) have an excess of US$ 11.Sb: 
Japan itself has a positive balance of US$ 34.4b. The CEPII 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 vorld (Annex B) vhich is USS 27.4b 
(including opto-electronics) or U~S 18.Sb without CottECON. These results are 
equivalent to the deficit of USS 18.3b as evaluated by the BEP. Figure 111-
16 breaks dovn these deficits by gec~raphical zones. 
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2.2. THE MERCANTILIST TEMPTATION 

2.1.1. The United States : Rejecting GATT? 

80. Since 1980 the North .Aaerican trading balance 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 coapetition. The products of the electronics industry are at 
the heart of this worsening. and the .Allerican Electronics Association 
estiaates 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 121 of the Horth .Allerican trading balance (Figure III-17). 
This situation has led to several reactions froa the .Aaerican public 
authorities including bilateral negotiations with the aost dynaaic c01Dercial 
partners; these agree.ents have often gone against the GATT rules. 

81. The aost spectacular aeasure was the signing in Septeaber 1986 of the 
US-Japan Seaiconductor Agreeaent. Under the teras of this agreeaent the 
Japanese producers of seaiconductors undertake to aarket their problems on the 
Horth .American aarket at a •ainimua• price. Tb~~ .easure should result in an 
iaproveaent in the trading balance in this branch. It caae into effect just 
over a year after the suppression by President REAGAN. within the framework of 
the 1974 Trade and Tariff Act. of the custoas duties of 4.2% on semiconductors 
iaported 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 aade fragile by the shortening of the life cycle of 
integrated circuits. Seeing no signs of the situation improving the Japanese 
gover1111ent created. on 4 March 1987, the International Semiconductor Research 
Center (IRSEC), the purpose of which vas to favour the buying of foreign 
semiconductors by Japanese industry, thus offering Horth American producers a 
way of overcoming the famous "non-tariff barriers" which are so often evoked. 
Although it allowed the consolidation of the aargins of Japanese manufacturers 
in the United States the agreement of Septeaber 1987 did not allov 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 minillWI price imposed on Japanese firms under the 1986 
agreement bad been negotiated, the American government considered that the 
results achieved in the first round vere 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, Horth American firms were in the lead in the case of five 
semiconductors and there vas 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 one company, the Japanese Xyocera, 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 measures, although spectacular in their form, 
affected only 0.3% of JapaneH manufactured products exported to the United 
States. On Tuesday 21 July 1987 th~ American Senate adopted, by a crushing 
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majority of 71 to 27, a draft law, now knovn 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 
aeasures 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 
aercantilist project are always the same. 'the restoration of the 
coapetitiveness of North Aaerican industry demands investments and training 
and, in the words of Stephen Levy 

"As a nation we must mate international trade a national priority and 
give it the saae status as Defense of the State •••• We cannot have a 
powerful National Defense without a poverful economy" Ctlectronic 
Business, 1 November 1986, p.29). 

Although this draft lav vas 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 advantage, the dominant 
discourse approximated to the ostensible prtotectionism in the inter-var 
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 82% wanted the establishment of 
restrictions on the acquisition of American companies prcducing high
technology equipment. 
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THE UNITED STATES TRADING BALANCE IN ELECTRONICS 
PRODUCTS (in US$ billions) 
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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 coapetition engaged in with the Japanese producers. However since they 
vere linked to the Dollar the currencies of the Four Dragons (Singapo~e, Hong 
Kong, Taiwan and South Korea) did not reflect the competitive devaluation of 
the Dollar against the Yen. In 1985 20% of North Aaerican exports of high
technology products vent to these four countries whilst 25% of imports in the 
saae fields came from these countries. If one adds Canada, where the 
currency was not revalued in respect of the bollar, one third of North 
Aaerican 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 frOS& Japan, the United States or 
Europe. The CEPII data show, in this context, a North American deficit in 
regard to the four Asian RIC of the order of US$ 8 billion in 1987 for 
electronics alone {cf. Annex Bl), This situation explains in part Section 
105 of the Senate Trade Refora Bill which suggests the establishment of 
ainiaua 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 bad 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 Europc;;an industrialists but 
rejected b·r 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 JC\)rea. 
The American decision, which should come into effect on 2 January 1989, should 
affect 20% (US$ lOb) of the exports to the United States from these four 
countries. Although this mainly affects "low-tech" prod~cts 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 zones, 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 radio. 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 Vest Germany and Ireland have a balance in surplus or 
in equilibrium. The CEPil data show a deficit of the order of US$ IO.Sb (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 electronic3. These three branches account for USS 8.7b of 
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the European deficit. In total the cUlllulative deficit exceeds USS 16.Sb, 
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) 

lnforMatique 

EGP 

Composants nctifs 

Co.posauts passifs 

Outres 

Controle et lnstruMents 

Nilitaire & CoMMunication 

TelecoMMunications 

--0,5 -6,S --1,5 --2,5 -0.5 1,S 

Source GEHIJIC d'apr1}s les statisti•{ues de D.E.P. C"nnexe It---/) 

87. The reactions of the European public authorities faced with this 
failure have taken several forms. Cbr.pter IV will detail their strategy for 
a renaissance of the European electronics industry by means of the ESPRIT, 
RACE or BRITE progranaes for the EEC and EUREKA for the who le of Europe. 
However in addition to the conventional industrial policies Europe, and in 
particular the EEC, have endeavoured since 198S 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 sur7eys the data obtained on the Japanese producers 
are those supplied by their European competitors. In June 1985, with dumping 
havino been proved, a customs tariff of 35% was established by the EEC on 
electronic typewriters. Shortly afterwards a complaint made by the Co111Dittee 
of European Copier Manufacturers (CECOM) led the EEC to carry out a survey on 
dumping procedures in the photocopier market. Twelve Japanese manufacturers 
who 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 d1wping 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 establishments were reconverted (Table 111-17). 



1984 
1985 
1986 

Source E.1.A.J. 

-170-

Table III-17 : NUMBER OF JAPANESE ELECTRONICS 
ESTABLISHMENTS IN EUROPE 

E.G.P. 
23 
26 
31 

Picns d'~quipcmcnt 

6 
4 
9 

Composants 
15 
17 
21 

Total 
44 
47 
56 

89. However the Conaission began a series of offensives at the end of 1987. 
Seven manufacturers of computer printers foraed the Europrint Association to 
defend their interests, and required the Coanission to carry out a survey on 
probable Japan£se dumping. This assertion having been proved to be correct 
the EEC has imposed anti-dumping duties on 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 multiplying their European establishments the Japanese companies 
hoped to be able to evade the exorbitant tariffs imposed on them by the 
C0111DUnity. Very much on the offensive, and as result of a new complaint from 
several European producers, the Co111DUnity examined the conditions of 
application of the 1985 regulations. It discovered that the producers of 
electronic typewriters &nd 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 40% 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 : 

CANO~l Brittany 
MATSUSHITA, SHARP & SILVER REED 
TEC 

Duties 
(ECUs) 

44 
40 
66 

91. Simultaneously, and again very much on the offensive, the Coamission 
launched an anti-dumping enquiry on the Korean producers of video cassettes 
and small TV sets. In December 1987 it removed tHs country from the 
Generalized System of Prgferences, imposing COtmllunity customs duties on all 
Korean manufactured products, representing about :,o million ECUs for Korean 
companies. The anti-dumping prQcedure on video cas~ettes was started at the 
request of CEFIC, the federation of European chu:uical industries. As far as 
the 1mall tele~ision set• were concerned European ;mp~rts had increased from 
9000 in 1983 to 358,000 in 1986, with the market sl:ar9 of the Korean companies 
jumping from 0.3% to 16% over the 1&me period with prices nearly 40% lower 
than those of t~e European industry. 

92. Lilce the United States the EEC was unwilling to see its industrial 
fabric subjected t<J price wns in which the Asiatic firms always emerged 
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victorious. At no time since the Second World Var had the principles which 
governed the GATT been 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 forefLont of the stage as and when their 
industries were faced with difficulti~s. As a strategic industry the 
electronics industry bad contributed to the revising of those principles which 
bad governed the period which had elapsed since 1944. 

3. CONCLUSIONS 

93. Since the beginning of the eighties the electronics industry bas been 
subjected to tensions induced by technological 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 group~ see• to 
be able to play a privileged role to such an extent that it is probahle 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 coaaercial trading have led the public authorities to reset. 
The structural character of the coaaercial deficit in electronics products in 
the United States and in Europe bas led governments, undeL pre~sure 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 utilised their customs tariff~ 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 

A R 0 V r: R V I E W 0 F 
A U T R 0 R I T 1 E S' S T R A T E G I E S 

I R D U c; T R I A L I S E D C 0 U N T R I E S 

1. The role of the strategies of the public authorities bas been of 
fundaaental iaportance in orientating the global technico-industrial evolution 
of the electronics industry. Obviously it is the authorities of the aost 
industrialised econoaies which exert the greatest weight when determining this 
orientation. Thus it is the Borth .American public authorities which can 
undoubtedly claia paternity for the advance of electronics. Froia the 
seventies they had to face up to a challenger which gradually became doiainant 
in an increasing nuaber of fields under the action of the firas but also, and 
mainly, because oi the strategies of the public authorities. The older 
industrialised countries in Europe followed, with some delay, the Aaerican 
electronics evolution and, finding themselves soaevhat outdistanced, saw that 
the tiaid and national aeasures which had been taken up to that tiae were 
insufficient. As a consequence, and within the frame wo~k of the European 
Collllunity, they iapleaented the European Strategic PrograJm1e for Research and 
Developaent i~ 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 countries vas being run with 
their public authorities supporting them or even replacing them. Even in the 
case of the so-called dereg1alation of telecomaunications one can observe the 
intensity of this global coapetition. 

2. The traditional tools which were utilised, and which vere found 
everywhere, included : put.lie 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 UBITED STATES 

3. In the United States tbe ambitions for power in the military and 
aerospace field• were tbe r~asous 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 calcclators to electronic computers. 
The various US forces sigoed aajor contracts with several universities, giving 
an hlpulse to a MOvement which resulted in the the development of EBIAC, the 
Electronic Rwaerical Integrator and Computer, in 1946. It• university 
promoters founded a firm which, bought by Remington-Univac (IBM did not want 
to buy it, and RCR hesitated for too long), constructed a first computer, the 
BINAC, for the ROiTHROP aviation company and a second and mote powerful one, 
t~e UNIVAC 1, in 1951 also for the American administration, this time !or 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 prograaae of US$ 1.6 billion for seven years' 
vork. Amongst other spin-offs it allowed the development of the SABER 
network for the automatic booking of airline seats for American Airlines. In 
1961 the Atomic Energy Co1m1ission signed a US$ 5.Sm contract with Control Data 
for a computer, the CDC 6600, vhilst NASA ordered equipment costing US$ 2.5b 

• 
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from th~ principal manufacturers, including 101 UNIVAC 1108 computers fo1 the 
APOLLO prograime! 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 inforaatics, even over IBM. In 1965 
the Federal Governaent paid out US$ 200. in contracts on inforaatics research, 
representing a third of all the research expenditure of the 11anufacturers. 

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 teaa at 
BELL, an enoraous entity which had a 110nopoly of all the telecomaunications 
services in the United States, in the service of which it bad become one of 
the world's leading manufacturers of electronics products. Its 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 
telecomaunications equipaent and .ass consumer receivers; by contrast to this 
tba first transistor COllputer was only produced in 1959. However the 
ainiaturisation 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 miniaturisation and development of semiconductors. 
Four 11&Dufacturers received US$ 13a: General Electric, RCA, Sylv&~ia and 
Texas Instruments. The public interventions were clearly orientated towards 
specific technological advances: speed, ainiaturisation and reliability. In 
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 pr9mise of a foraidable market - but also the only market, since 
there was no equivalent civil market. In 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 interm£diary 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, US$ 32m from the US Air Force 
for research projects on integrated circuits, and sold in every month of 1964 
for MINUTEMAN more integr•ted 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 le\el of Federal financing of research in the United States (from 2% in 
1964 to 1.2% in 1979, expressed as a percentage of t~e GNP) together with a 
decline in the military and space markets. American technological dynamism 
remained very important, however, sustained by the coaaercial exploitation, on 
a worldwide level, 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 progranaes. In 1980 it was the VHSIC (Very High 
Speed Integrated Circuit) plan for the period 1981-1987 with about USS lb of 
projects r,entred on integrated circuits and processors. This plan was 
subsequently integrated into the enormous Strategic Defense Initiative (SDI) 
or "Star Wars" programme, in principle voted US$ 25b for 1984-1990. The 
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Defense Advanced Research Projects Agency (DARPA) implemented at the same time 
another very ambitiou~ prograaae, the Strategic Computer Program, with US$ lb 
for the period 1984-1990. Table IV-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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6. The efforts of the .4merican 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 military progr8111Des 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. Tvo projects launched in 1982-1983 constitute, by reason of their size, 
a reference point concerning this change in the Aaericaa aentality in this 
field, which vas to be confiraed by legislation in 1984 and 1986. The first 
of these projects was launched by the aajor informatics .anufacturer Control 
Data in January 1982, the second during 1981 by IBM. The project launched by 
Control Data, the Micro-electronics and Coaputer Technology Corporation (MCC), 
is a private non-profitaaking association, the partners in this being 
companies vhich supply research workers for a joint laboratory; they also 
supply general financing together with specific financing for the projects 
which they are supporting. The patents 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 coapetition. 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 vew:e registered. 
The second project, launched by IBM, resulted in the creation in 1982 of the 
Semiconductor Research Corporation (SRC). This non-profitaaking 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 sac can dso 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 (one 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 at the service of industry. 
This outlook is reinforced by the Federal Technology 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 tvo 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 aarkets, there was also a current of opinion in the 
United States which wanted to see the DOD finance civil industry since 
Alleric4n security required that this semiconductors industry remained 
competitive and independent. It was this desire 11hich was behind two 
other current projects: the first of these is the project of the 
Semiconductor Industry Association to create SEMATECR which would be 
concerned with both the joint development and aanufacture of the most 
technologically advanced electronics coaponents 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 scientific council for 
defence whose director was Boraan 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 SEMATECB) 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 function 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 
cont~acts. For example in 1987 DARPA laun~hed a three-year contract for 
U5$ 20m for a gallium arsenide (GaAs) integrated circuits production line. 
The contract-holder, ATT-Bell Laboratories, had two sub-contractors, 
Hughes Aircraft and McDonnel-DQuglas: the specifications we:e set out and 
DARPA even indicated that it was ready to add another US$ lOm for even more 
advanced circuits. 

10. It is clear that, despite the official non-existence of an 
industrial policy in the United States, a non-existeuce pursued despite a 
major debate on ~ts 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 losing their global technico-industrial leadership, 
particularly in electronics. Furthermore in regard to coaaercial policy 
the United States has always hesitated to play a really liberal role. 
Today protectionist temptations are very strong (cf Chapter 111, 2.2.1.). 
On~ may recall what has happened in world trade in memories where, faced 
with Japanese domination, the United Stattts made the Japanese sign a 
bilateral agreement in July 1986 which imposed a "Fair Market Value" price 
which in fact correspon.Js 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 exc~1ded. 



-179-

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 Aaerican occupation in 1952 Japan vas a country with an ecofiomy 
which vas still staggering along but which, despite the wartiae 
destruction, possessed high-quality human resources which the process of 
development since the MEIJI era had built up. A country without raw 
aaterials resources Japan seemed even to the occupying power to need to 
effect its ovn 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 investments, joint 
ventures and transfers of technologies. This law, which the General 
regarded as teaporary, re11ained in force until 1979. MITI operated a 
strongly protectionist policy in regard to the entry of goods and 
iuvestments 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 
dev~lopment economy to the rank of mutually exclusive strategies. 

12. The field of action of MITI was that of the already veil-established 
and vast enterpri~es of long experience, from Toyota to Hitachi, and also 
of the field of new enterprises in the image of Sony, created in 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 NTT with its 
transistor which was exhibited in June 1953. This was therefore five 
years after the Americans, but it was greater at the commercial 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 industr.y 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 f.mbued with the concept of ongoing 
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technological evolution, and the KITI 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 tvo laws (on Teaporory 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 iaports of coapute1~ which covered 70% of the 
national aarket the MITI took a nuaber of customs' aeasures, public orders, 
industrial promotions and leasing systems (aided by the Japanese 
Development Bank) in order to limit the bold of the foreign enterprises, 
essentially IBM. Tbe latter bad been authorised to establish itself 
subject to signing reciprocal licencing agreements with about ten Japanese 
aanufacturers, these agreements being renewed (with 15 buyers) in 1971. 
To consolidate these efforts the KITI encouraged the major Japanese 
manufacturers to establish a research indtitute (Japan Information 
Processing Centre) which, jointly with the MITI's ovn 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 opened up the way to the following 
operations. 

15. The NTT 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. Tbe NTT was obviously orientated towards 
specialised telecoamunications applications, whilst the MITI was primarily 
concerned with informatics. In 1975 the NTT 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 manufacturers, FUJITSU, HITACHI, MITSUBISHI, NEC snd 
TOSHIBA (subsequently joined in 1979 by OKI and SHARP), under the general 
direction of Yasuo TARUI of the MITI Electro technical 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, coaputer assisted design, VLSI processes and 
equipment, VLSI test apparatus and VLSI logics and aeaories (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 thP :=!•bers of the project have 
received US$ 300m in loans from MITI ("hojokin"), 40% of this being without 
interest and repayable fro• 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 production 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 IV-2 THE ORGANISATION OF THE JAPANESE 
VLSI RESEARCH PROJECT (1976-1989) 
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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 overviev of SOiie 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 proble.s 
vith their old industrialisation and they had found it necessary to 
'"defend" their textiles industries since the beginning of the sixties. 
The second reason, symmetrical vith the first, related to the fact that 
their electronics industry did not seea to be doing too badly froe the 
point of viev of the conventional indicators, such as those of foreign 
trade. The tlaird looks at the second in another aanner: whilst the 
b.'llance of payments were satisfactory this vu, in particular, because 
Europe was unlike Japan in extending a velcoae to the Allerican 
11Ultinationals. So it was necessary to wait until the end of the sixties 
to see the appearance of the first European .easures. Vest Geraany began 
to support its informatics and electronics industries in 1967, and it was 
also in this year that France launched its CALC1JL plan after Allerica had 
refused to sell it the computers it needed f.,r its nuclear progr...e. 
In 1968 Great Britain restructured its infor.atics industry round ICL. In 
this way the~e began an epoch of increased interventions in the electronics 
industry and of subsidies to industry. Table IV-4 shows tlae 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 .. jor European countries. 

Table IV-4 SUBSIDIES TO PRIVATE COHPARIES AS 
A PERCEBTAGE or THE GllP 

1910 19111 1910 19'1 . ----~· ·- -~--- -·. 
lklpum l.J 1.6 Ocnmarll 2.1 ).2 
rrana 2.0 22 Wni ~nun, 1.1 I.I 
Gru1 lrilain 1.7 2.0 hal, l.S 2.9 
Nclhcrlancb I.) 2.S Non•ay S.I 6S 
Aldlria 1.1 2.9 S.-rckn 1.6 50 
SW11m'4ncl 0.1 I.) 

Jowtt- laRd~cr- drr f-ICfl lltl51. p lft. 

&Im: d•apr~s G. JUNNE ec R. VAN TULDER, 1988, p. 162 
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Table IV-5 : PUBLIC IRTERVENTIONS: AID ABO 
RESTRUCTURING IN THE ELECTRONICS INDUSTRY 

IN FRANCE, THE UNITED 'URGDOM ARD WEST GERMANY 
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3.2 The German Policy 

18. In West Geraany, as in the United States, there is officially no 
industrial policy. However, since the creation of the BRFT (the Federal 
llinistry for Research and Technology) in 1972 Geraany has a kind of single 
office to assist and guide Research and Development in Geraan enterprises 
and thus to favour, to a certain extent, those vhich seea to it to be 
preferable. Between 1967 and 1979 Gerll8Dy has had three informatics plans 
in succession. la 1974 it launched a first five-year plan (1974-1978) for 
electronic coaponeats (Elelttronische Baueleaente) followed by a aicro
electronics progr~ (Zeitungsplan Mitroelettronik) for 1979-1983. 

19. In 1984 Geraany provided DM 3 billion for a unified information 
technologies plan (1984-1988): this was financed not only by the BllFT but 
also, for the first tiae, by the ainistries for the econoay and the post. 
Table IV-6 sets out the principal progr~s supported by the German public 
authorities. One can easily see the extent of the fields covered and the 
aagnitude of the financial backing. 
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Table IV-6 : THE PROGRAMMES SUPPORTED BY THE GERMAN PUBLIC 
AUTHORITIES IN IHFORMATIOB TECllMOLOGIES 

~ ~- .... ---- ·-- ~, ......._. (l)Mna.) 

MicrClpi ...... •• ..... pnijccG ... 
·irooMca......-c" IWS.... D• 

CAl>b K:.. ......., • ..mnilin. 
fMt. Vlll ........ .... 
Tcdlrlical Cc.tt. GMD. 
HNirida Hnz ....... 

w-.. .... tnbnulacJ (b,asi.· Form-AC.~ ...... ,,, .. 
rnc.lf\11) 

New.--..-• ~T ........ !Ill 
~i.--·....-h) 

~upt•• Nrw - • Hcirwidi Hnr ....... .,. . 
.....,_ljoMI co-opaaion 

lltcy .......... ,...-.in·~ BMFT ....... 'lll 

( ........... rc-c .......... tnhnul&op.~ 

-''Y>"""'""lt~ 
0.....,......-.-i 
CAO f.,. lur.lw.1...- .... ~ ... ...._. Joint P"'JCCIS ........ ,,,,. 
~ 

New .--pura >lnlCWln. "·C 
,.. ..... Pf"CnwolC 

l'llW-* II•• 
"-"""' pnl('n-C ... ap.-rt• 

J.- .... .,. .••• l•..u.M 2'•• .,__""' ,.. .... --..pie-,.., ....,,.y fnliac u( coatpun., ... 

&crr..- l«hai.fun lnh.-rJ...-r.ar1n ... -.11..t , .• ..,.,, • .,,."'. 

SoliwM.-
,,.. hr M.,,..., .. 1 U.-1.~ ... · 
... l»lhl.- ............. """"'" 
l.,_C•..C~J 

"''S'-'"'-,.........,_ 
Prollun- cnc.-.ins I 'J!U-117 :;.111 
P''"lr.tmn1c will 
(a) •rolluc.- CAl>/CAM 10 maliw11- ,,._ .... ,,.~ .. 

NumC.-rpnlQ: ,.,,,_•mo,-. o( nibuc~; 
(,, ,,_.- .tcrclap • ,. o( .,...., 

..._,._.,.,.. SJlfC"'S. 
,_.,, ..... 

Ttfn-""'-• 
()pclc.1 rcchaolocy Cbalic UMFT 

··~ 
:!W 

ca.poncncs rncarch) 
llnudlNncl nnworh l>UI' pa. l-?.111 .. 
Hip-Jcf'••-1¥' llMFT 

··~ "'' ·-• ... ,•·-RcwMch --" bnal 01t llMFT , ......... .. .. 
l'STN 

u.-
Applic- o( IT ro NCMioul :!I ... ~ 
uainilis 
~ 
0. kdlololosY "91pan (or llMFT ,.,.... 
c.nfcrno« 'llllU-' dlcrcafm' 
On IT a dw -tplac. 

UMf r. ""''""'".-. ""' l'llM onwuJ. 
l.1bout Mn11>1rin 

Fi~~n ISDN c1rmo,..knt plan llMFT 
T ni-yr.tr ISUN ck :dopmm1 pbn IMfT 

On Diii' """'"'' l'u.c .inJ T .-kcon1. IM.- l'lllS 
t:a>lltnlKh"< (lh"W) 

•n,. O•<ull "'"" '°"""""' P'ut<'" l..c<J "''" ... :1- •""•~ s-,, EEC. ,_.,, Sre1- S. 

Smlm: ARNOLD cl alii, op. cil., 1986, p. 143-144. 
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3.3. The British eolicy 

20. Shortly after the var it vas the Post Office in Great Britain which 
aided the electronics industry by favouring the creation in 1956 of the 
.Joint Electronic Research Comaittee to coordinate the efforts ll&cle by 
British industry to develop nev switching exchanges. In inforaatics the 
public authorities favoured the creation of ICL and then consistently 
supported it until its aerger with STC in 1984. There were aany 
interventions by the public authorities, vith considerable financial 
support, as aay be s~en froa Table IV-7. For example one sees the 
creation in 1978 of IBllOS, a public coapany to aanufacture integrated 
circuits; however this fira returned to the puhlic sector in 1984 (see 
Table IV-5). Si.ailarly in that year British Telecom, the nationalised 
telecGm11UDicatio~s coapany which had been split off froa the Post Office in 
1981, vas privatised. The British public authorities wished tc disengage 
theaselves: however iu 1983 they launched a five-year ALVEY progr._ 
which was effectively regarded as terainated in 1988. This was a response 
to the: fifth-generation ca.puter project to which they had been invited, 
lite the other industrialised countries, by .Japan. Vith funding of 
£ 200 aillion the ALVEY progr .... is very aabitious but equally very auch 
upstream of the aarket, which allows its pra.oters to explain that concrete 
effects will not be felt immediately on the aarket • 



Table IV-7 

Yftlr(sJ 

1968 

1968-73 

1973-82 

19~ 

1973-8 

1976 

l978 

1978-81 

1978 

1979 

1981 
198~ 

1982-6 

1982-3 

1983 

1983 
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PUBLIC MEASURES IR RESPECT OF INFORMATION 
TECHNOLOGY IR GREAT BRITAIN 

Tllk Valw NOia 

lftdustry resuuc:tming 10.Sper Gowanmcnt-backed 
c:entof merger of ICT and 
equity in English Electric"s DP 
ICL Department 

RAD grants for ICL. £7m GovemlllCllt ru..m for 

unrepaid loans development of inde-
£40m pendent technology 

Softwa~ Product 19m 25-JO per cent grants 

ScbC1ne to costs of developing 
pactage software 

Microedectronics £10m Suppon for domestic 

Support Schane microelectronics 
firms 

Advanced Computer £21npa Suppon for domestic 
Technology Project SSmpa semic:onductor firms 

Component Industry £Sm Support for domestic 

Scheme S9m components firms 

Microelectronics £SSm SO per cent grants to 
Industry Support SllOm RllD and 2S per cent 
Scheme (MISP) to cost of producti~-e 

investments 

Microprocessor £4lm For diffusion of m~ 

Application S73m dcctronic applica-
Programme lions in industry 

Creation of INMOS £SOm NEB sponsored. to 
SIOOm create memory ck-

~ice firm in Britain 
~licrocL?ctronics in £10m For diffusion of micro-

Education Sl8m electronic applica· 
Programme tions in schools 

!\.USP extended £30m IT RllD suppon 
CAD1CAM scheme £6m Increase a•-areness 

and courses in CA Di 
CAM 

fle,ibl.e Manufactur- £60m !iO per cent grants for 

ing Systems Scheme consultancy. 33 per 
cent for developm.enl 
costs 

Software Product £10m Programme revamp-:d 

Scheme 
Software Product mm Increased funding 

Scheme 
Alvey Propammc £200m SO per cenl grants to 

cooperative rr RlL D 
projects 

Smll: P. JOWETT ct M. ROTHWE~ 1966, p. 14. 

• 
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3.4. The French policy 

21. The tradition of intervention by the public authorities in the 
economy. tbe so-called "Colbertisa"• has meant that all governments in 
France are interested in tbe functioning of industry. but in tbe case of 
the electronics industry this has aainly been tb~ case since 1967. This 
intervention is accoapanied by larger or saaller levels of financing (cf. 
Table IV-8) and by frequent restructurings. Recently the aost sustained 
atteapt at intervention vas carried out during tbe socialist government of 
1981, the first vbich France bad bad for nearly twenty-five years. The 
State proceeded to establish the designation and configuration of national 
poles in various fields : ca.ponents, general and office(*) inforaatics. 
telec~ications. production(**) informatics. professional electronics 
and llASS eonsuaer electronics. Siaultaneously the State nationalised or 
asSU11ed a aajority shareholding in all the aajor French groups arouud which 
these national poles had been constituted. The whole was aore or less 
included within the framework of a Four-Year Plan (1983-1987) of 140 
billion French Francs (55b rr cha~ged to the State) and the Plan d'Action 
Filiere Electronique (PAFE, or Action Plan for Electronics Production) of 
which the public authorities had great hopes, including a very rapid 
increase in eaployment, the balaPcing 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 aini-inforaatics plan, a aicro-electrooics plan, a plan 
for passive ccnponents, an imaging plan, a •productique" plan(**) (for 
aoderoisiog the converting industries), a PUCE(***) programae (so that 
saall and .ediu..a sizes firas could introduce French electronics components 
into their products) and a super-calculator plan called llARISIS. The 
overall guidacce (and part of the financing) of PAFE is the responsibility 
of the DGT (Direction Generale des Teleco.mmications) which was also 
continuing the Telematique plan, launched after the 1978 NORA report. 
France was engaged in the creation of a data transaission network, 
TRAllSPAC, vith a consumer version which resulted in llIBITEL and its first 
electronic directory service launched in 1983. This videotext service is 
the largest of all other national trials (several aillion users). The DGT 
has also launched a cable plan, with relatively aodest results. After 
1986 a nev govenuaent launched a privatisation progra.se vhkh affected 
llOst of the electronics firas, which had not however waited for this _to 
happen before taking decisions which were not in accordance with State 
directives. Vbilst the State continues certain financing operations it 
seems, for the tiae being, to have abandonned the idea of regrouping them 
into a aassive structured whole. 

(*) 
(**) 
(***) 

"Bureautique" in the original French. 
"Productique" in the original French • 
"Puce" is the French for "chip". 
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Table IV-8 : FRENCH STATE AID FOR THE 
ELECTRONICS INDUSTRY (1967-1981) 

llnadtr I 
F"tnllH IWlllrtciaifts Pfriotk 1967·1'71 

400 millions de francs 
pour frais ct marchis 

Grosse infonnatiquc C.1.1. d'iluck. 12S miDioas de 
francs de pdts + 10 mil-

lions de francs (I) 

100 minions de francs 
Pm-infonnatiquc S.P .E.R.A.C. (marchis d.ltude ct cridits 

-~t)(l) 

r 

Composants Sncosem 100 millions ck francs sub-
\"mlions (2) 

C.l.T.-Alcatd. ciblcs de 12 milliards mtre 195'1 ct Lyon (gr®pc C.G.E.) 196S (ZC. J• ct 4• plans) 
Telecommunications G.l.S .• A.0.1.P .• 4 milliards par plan 

LM.T .• L.T.T .• 12 milliards pendant le C.G.C.T. (groupc l.T.T.) 
Ericsson S- plan (1966-1970) (l) 

In 1971 the 2nd rCalcul Plan• was instituted: the State signed a four year agree11ent with industrial
ists <1971-1975> with a budget of 1}15 llff for infon1atics. peripherals. eo11ponents. software and 
reseerch. This was also the ti• of 11ajor invest98nts intended for extending the telephone syst• (*) 

with support for research through the CNET for digital telephone exchanges. 

1974.1981 

I Aft)£.~ F.T" Th1l'D ....a ........... ,._ RNPICtAru.S 

I IMDMf'•~ 
,.~,... ... 

I tJOMf:mc-*1 
I r--. .. I ' GROSSE ...... c.1.1. C.1.1.,..;. C.l l.·H.a . i ll'IFORMA TIQUE I i 

,. HONEY· 
WELL 11'7SI 

I .°'° .... '--*' ......... ""~'""" 
Ml .. 1·1Nf'OllMATIQU£ ~SOMf' S.E.N.S. CfHONS(Jltf) .............. -... "' 

I 
!\.E .M.S. (TH()MSOl'I). 

I TllA"'5AC. SIHHA 
i 1C.G.E.1. 
! ,f. ........ OllMAflQUf. 110 Mt' - 11'11·1- R.'ISOl'f. LOGAMX. 
I IHTHTKH .. IQUE. 

,YRfL c•HOl'ff ·f'OU· . LIEHCJ 
' 

I 

i HSCOSEM. EFCIS I.,., ... ., - .. ,, •.•• J) 
I 

i CR•- doo C.l1f.f.. T. - ITHOMSOl'll. I CO'll'OSAl'ITS R.T.C. C'"ILl'5t. 
I .r .. ......., ,.,., ........ 

SAIHT .c.oeAl!'I. . ! , ......... 
MAHA 

; I 1Y10focC'M.n1 1JHll'\1 1 
f ~ p "'-"If \l fl''"F ! \•~ d• C 0 PI '5 !'\ONI. , ' . ..,. ........ ·1c I r.-ALC"TIL . 

I : !Cli(I 

r ' : HIO\l'\O:oo! I rt l F.l'O\f • I •n •llfl '" ,, . .1Hh.,,..... .. .. e,; ( • . I 

l-.-
'_'~·'I'. \~ltl'I., !•"•" '" ,..,.,,,,.."'~,,.,.,.I\ o Ir· • .,.,..,, lt.Cftlfffl'\'1° 

' icu __ I__ ._I 

(•) The growth of the French telephone system has b .. n spectacular. from~ •illion lines in 1972 
to 10 •illion in 1977 and 20 •ill ion in 1982 

Source: J. BARREAU, A. NJULINE. 1987, Pl'• 48, 62, 1}8 
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3.5. Th~ ESPRIT programme 

22. The halting of the ALVEY prograaae in Great Britain and t~e stoving 
dovn of the plans in Fr~nce are in contrast to the more marked voluntarism 
of Vest Germany, but all are accOllOdated within an effort aade at regional 
level within the framework of the European Economic Community. Amongst 
the various progra1111es which touch on electronics and which simultaneously 
involve several European countries is ESPRIT, the European Strategic 
Progrmiae for Research and Development in Inforaation Technologies, a very 
interesting example for several reasons making it the only existing 
progrmiae which operates effectively as a cooperative programae, uniting 
several States and several industrial groups. 

23. The formation of ESPRIT is due to Vicoate DAVIGROR, C01Bissioner for 
Industry at the European Ca.aunities, who put forward the idea of such a 
programme at the meeting of the European Council at Dublin in November 
1979. Vicoate DAVIGBOR, the ting-pin of the project, succeeded in mating 
a group of the most iaportant European electronics companies, including 
AEG, Bull, CGE. GEC, ICL, Bixdorf, Olivetti, Philips, Plessey, Siemens, 
Stet and Thoason, meet together to fora the round table of the "12". The 
proposal put to thea was quite clear: if at least two different 
nationalities work together on a joint research project then for every ECU 
invested in it the COllllUDity 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 parap.raph 7) whereas such a project in one or other 
European country could seem ridiculous because of a lack of firms and 
manpower. This was not easily achieved since the firms concerned were 
competitors, many were national chaapions with a protected aarket and 
European nationalism (including that of language) remained very 
conspicuous, so that the initial steps vere hesitant. 

24. It was also necessary to convince the politicians and not to fall 
foul of the laws of the Treaty of lloae, in particular those on competition. 
If there vere to be projects it vas necessary to ensure, in on~ way or 
another, that the width of their scope should illow any competent team to 
take part, irrespective of the firm to which it belonged: this was clearly 
in the interest of all. Siailarly, and although the programe vas 
eHentially 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 vas to go beyond the MCC and SIC forms ,f association, vhich 
bad been iaplemente~ at the same time. In fact ESPRIT had a Task Force 
for TelecomDUnication and Information Technologies (TnIT) which in 1987 
became DG XIII, which foras part of the European Comunities co .. ission and 
which piloted the progr...e: a plan of work established by consultation and 
dialogue vith 110re than 300 experts resulted in the defining of a call for 
tenders. The teams involved 11et to set out their proposals and a meeting 
of the proposers (there vere 800 participants in 1985) for subsequent 
dilcuHions 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 vere not nominated and the 
projects were n?t drawn up by one specific laboratory. However there are 
similar points: the actions are targetted and contained within a whole 
which is designed to raise the level of European scientific and 
technological potential in regard to electronics. 
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26. A pilot phase started up in 1983 and ESPRIT vas adopted by the 
Council on 20.2.1984 and so vas launched for a period of ten years. A 
first phase. ESPRIT 19 vas to cover the period 198't-1988 but the pro.,osed 
EEC budget of 700 aillion ECO vas soon totally comaitted in 201 projects 
involving 240 industrial partners ( 130 of these being firas vi th fever 
than 500 eaployees) and 2900 research vorkers. In the autuan of 1986 it 
was therefore envisaged that ESPRIT II should be launched. After soae 
delay this was agreed with a budget tvice as large and vith ten tiaes as 
aany research vorkers. all to be integrated into an overall EEC programae 
for the proaotion of research. ESPRIT II was designed to involve less 
fundaaental research and aore technological research directed towards the 
products of the future. The principle nevertheless reaained that of pre
competitive research which avoided coaing under the scope of lavs on 
coapetition. 

27. The programaes vhich vere iapleaented seemed to progress the 
scientific and technological potential of the partners effectively in 
fields vhich vere ltnovn to be backward. ESPRIT I and ESPRIT II attaclP-d. 
aaongst other subjects. integrated production by computer. a field of 
considerable iaportance since it corresponds to what we have termed 
aechatronics vhen considering the history of the actions of the Japanese 
KITI. By contrast it vas necessary to eaphasize the weakness of Europe in 
informatics and in aicro-electronics. In informatics the emphasis vas 
placed on the establishaent of European standards, on the possibilities for 
inter-operability of equipment to allov real competition. Great progress 
has already been aade in this direction. Let us look briefly at another 
field in which Europe is veak, aicro-electronics. The projects vbich are 
in progress, and which are nov vell 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 th~se programaes is to be seen. Table IV-9 
shows, by way of illustration of this, some of the aicro-electronics 
projects of ESPRIT I. 

• 
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Table IV-9 SOME MICRO-ELECTRONICS PROJECTS LAUNCHED 

5mlm : Dncumcnc ESPRIT 

VITHIN THE FRAMEWORK OF ESPRIT I 
I llo I I Oi -4utl- pe• th:pantul 
I . .. r H••)' esearc lt U-. I 
I jAU Teletunbft (I), 5f.ClUl I 
I tn-nn cs1 en I 
I I I I 
I 91 l•l.-rtt._. .-ch, erc•ttectur•• et lll'iC w.a.•.<•>, hll Tel.•"I 
I ltecllntqun • tracf __.VLSI epfcta- tco.<•>, SUwarltaco a.w.ca>,I 
I lltlf• d..-. le tretteeeat ..._ at...-ua t,.tlt .. <•l>, st ..... <•'.. I 
I I tllullr Ufttw. eoc..,. <•> I 
V'.I I I 
izRJlletfrt- ~pour -t-cenduc- l•llen Cl•~ 1 ... c...treCU1C>, I 
t:::.71teur• et ctrcvtu tntf9rf• - 1 l,.tltpa en, st_.. K <1>,I 
I I I"-- CSf/1111 en I 
I -·-.. I I I 
IZ4J,1Tecllnol09te btp0latre aull9tcront..,e I ITllG9a0n CSfllCI CF>,Pl••••1 I 
I I· ta. .. •rc• co-u CUit>, I 
I I I felefuMM llectrontc Cl). I 
I I I"-- CSfl~Cl(f) I 
I I .. , .... Poui.- ..,ltttec111.<F>,I 
I I IUntw. * T8'1lOUH en I 
I I I I 
:Z6J !Circuits ootllflectronfques ibis• ICSELT <IJ, at' TelefunleftCl>I 
I 1••1• ICtitT en, uc cuu,•1 <1>, I 
I I lstl (l),TlloeSoft CSf/lCl(f), I 
I I le5t en, snCF> I 
~ I I 
!Zl1~Tecllnologie biopoloire sullllicrcn1...,.-ll ISie11ens MiCI>, ITC Coliplelecl 
I I tm I 
I I I I 
l41Z IProcfdi CROS biPol•ire i IMlute l._,.rl. Pbtltps -..r.c.a.>, I 
I jperfo...-.c• pour ctrcutts YlSI ISt.-.ns<I>, Untw. • I 
I I IStuttprt<I> I 
I I I I 
''"' llngfftifrie •lfculetre pour eptofhc- IClltT en, ICI Pl.C dllU, I 
I hronique 1nio.son csr <n. I 
I I IUntw. * ._,r <a> I 
I I I I 
1514 lltsposittfs , .. t-conclucteurs quanti.,e1 l'EC (Ult), Tlllooson CSf/lCICf>I 
6,,.1 I I 
~ITecllnol09te CROS Sublltcrontque IClltT Cf>, artt. Telecoe Ult>,I 
I I llfllC CIJ, ,..tra-t111rrt1 I 
I I IS.Otcond.<f>, I 
I I ISSS llfcroelettrontco Cl>, I 
I I !Univ. cM LewM <•> I 

S 
I I 

Ctrcuits tntfgrfs i coeposf1 •••t- ISTl CUit>, 5tC CUltJ,Plltltps- I 
conducteur1 lltP (f), s•eeen• <•>, I 

I I ITlloMon-CSfl .... (f), I 
I I l•leSMJ leaearcb Cofvell(UICJI 
1 1 lferran T~cllnol!IY Clrl> I 

t\eafirrojet europien .f•tntfgrotton CAO 
·- . . -., 

lllull Cf>, Alcotel Cf>, ,I 
I l<tCIP> 
I I 
I ,....J 
IX , 
I llllAtlk'1 a l• conception de ctrcutt1 
I lfntfgrf1 .,,enct1 (AllAJ 
I I 
I I 
I I 
I 9711Tec~nologies ct.1 ctrcutt1 tntfgrfs 
I lbtpotetres en A1,•-51AlAs 
I I 
I I 
I I 
I 9911Srsti .. lk' conc•ptton ¥\.SI tntfgrf, 
I lhitr•rchiQUf et oulttftnitre evec 
I l~stion rtperti• 1ur PoStes d• tr1v1il 
I I 
I I 
I I 
I I 
11osa1sr11• .. cot"itif d'eick ~ I• co"c1ptton 
I Ilk eoduln VLSI 
I I 
l11Z81AsGe •••l·l1ol1teur a tar~ di1~tre 
I I 
I I 

I ICl <Ult>,. Plltltpa <•U, I 
ISSS lltcroelettrontc• Cl> I 
1st ... M <1> I 
I I 
ISi....is C•>, ICL CUit>, I 
IT11o91on seet-conducteur1(f),I 
I auu en, 
llllACO/TlllJ Cf>, UlllST CUit> 
I 
ICfllt Cf>, Ple11ey le1eerch 
l<eawll (Ult), HC (Ult), 

l•erren Tecllnol091CJrlJ, 
l'l•• .. TecllnolllfY CUit> 
I 
!Delft untv.of Tecllnol. CNLJ 
llrtti1~ Jelecoo CUit>, 
llCS lloldin9 IY (Nl), 
l'CS '""" Ct>, Jech. U"lv. 
lllndhoven CNlJ, Untv. 
lof htnCUIO 
I 
llN(C v.r.e. Cl>, Phlll~tCNIJ 
ISILYAl·LISCO N.Y. Cl> 
I 
Ill' <•>, V1c•1r CheeltrO"lc•I 
l<t>, U.C.L. (I) I 
I I 
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4. TECHNOLOGICAL COMPETITION BETWEEN THE NATIONS 

28. The overview which ve ha,•e provided of the programes 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 
thea to bP. a necessity if they vere to make good shoving in the 
International Division of Labour and to put back into order their economies 
which for at least fifteen years had aoved away from full employment and 
growth to enter into a period of crisis. This general desire for 
industrial change centred on electronics sti11Ulated a technological race in 
which cooperat!.on was seen as vell as rivalries: nations, like firms, 
appea=ed as c~petitors. Simultaneously their 11Ultiple actions are 
convergent. Tbey are designed to convert the machines industry into 
aechatronics (Table IV-10) and to facilitate and to aultiply 
comunications, since it would seea that inforaation vas, vith 
aechatronics, the vay to make major improveaents in productvity. This has 
also led 11e>re of less everywhere to promoting the de=egulation of 
telecomaunications (Table IV-11) and, finally, to vish that the machines 
which process the info"7aation should do so in s non-mechanical but 
intelligent manner, an<' so they have launched projects in the field of 
artificial intelligence (Table IV-12). 

• 
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Kechatronics 

Table IV-10 SOME PUBLIC PROGRAMMES FOR THE DEVELOPMENT 
OF KECRATRONICS IN THE EUROPEAN COUNTRIES 

COflntry 

GERMANY 
(production and 
diffusion) 

FRANCE 
(production and 
dirrusion) 

ITALY 
(production and 
dirrusionl 

UK 
(production and 
diffusion) 

NETHEltLANDS 
(diHusion) 

BELGIUM 
(diffusion) 

DENMARK 
(diffusion) 

SWEDEN 
(diffusion) 

~Production Tcchnol.lcY Programme (1984-7: 
OMS,,J million); CAD ckwdopmmt (0Ml60 million). 
Eslima1cd IOlal 1ran" bawttn DMlOO and DMJOO 
million pa JOI (federal plus Landa support). 

National Machine Tool Plan (1911-.i: Ff2.) billion); 
Fonds lnclustride dc-Mockrnisa1ion cFIM): aims a1 
mobilizina savinp rur in~es1mcn1 in advanced 
manufaaurinc; Au1uma1ics and Ad~anccd Robotics 
(ARAI PrOIRlllmc:; etc. 

Mechanical En&inttrin1 Technologin Project (follow
up of 1979-14 'Industrial Automalion Project): 
LITJ I billion ova S yr.a"; Sp«ial fund for 
Tcchnolo&ical lnnova1ion: from 1982 appr. LITJ.650 
billion; sincr 1913 Bill N 696 supponing SMEs 10 bu 
NC machiM 1ools: 1981-S paiod l.IT90 billion in 
funds. 

Dcpanmen1 of Trade and lnJu~1ry programmes 
I 1911-6): lJi'oduaion techniques (£1j() million); 
produc1ion and developmcn1 of microclcctron~s (£50 
million); Microelc\."tronics Applica1ions Procramme 
(£SO million); use of Science and Enginccrin& 
Research Coun .. il in programme on 1he Applica1ion 
of Compu1as 10 Manufa..:1uring Engin«ring (ACME) 
£4 million in 1983. 

Demonstration projects for in.roduction or flellible 
manufacturin& sys1ems; 1~83 budge1 around DFLl2 
million. S1imula1ion or lnnoution CINSTIR) prOJCCI 
w:>pons wage cos1s (DFLI 100 million). 

Action plan for mi.:roclecironics 1echnology. Robo1ic 
budget: BFIOO million (10tal budgn: BF2.6SS million). 
CAD/CAM support only for R&:D ror applications i 
the dnicn and production of in1egra1cd circui1s. 

Technological Dcvelopmen1 Proaramme 198S-9 
promOln informa1ion technoloay in main indusirial 
secton (1ocal budget: DKRIS2S billion). 

'Roboc-84' campaicn; provision of risk capital for 
demonstra1ion projects and a•arenns campaign; 
feasibility siudin are undaraken and wpporl ror 
training prOll'ammn or around SEK 108 million since 
1983. 

SsUlm: G. JUNNE, R. VAN TIJLDER, 1988, p. 170 • 
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4.2. Deregulation of telecommunications 

Table IV-11 : DEREGULATIONS OF TELECOllKOllICATIORS IN THE 
UNITED STATES, GREAT BRITAIN ARD .JAPAN * 

Etats-Unis 

1114 Y SU ta sail re• 
1969 : Autorisalian dD .mau ....... spt. 

cililfdeMO. 
1971: c-putn IDCl•ifJ I. k •Yalta• 

informatiquc-tfltmmmuaimlian 
ATf at -ruit .. nmpon definfor· 

IDllior~ 
1976 : Droil de lolKr des liaisoas spfcialisfcs 

pour panqcr Cl rcwndre du aanspon. 
19IO : ~Inquiry II. Le scrviEir de bur 

mtc .qlamnll. La scrwica cnrichis 
SCIDl ICIUlllis l la COllCllfRllCt. 

1912 : Dtcilioa du juac Greene- A panir ck 
19M. A TI soa coupfc cn 7 c:ampqllD 
rtpaaaJcs iadCpaldanlcS. Elc comcnc 
rimmirbain a l'intcnlalioul. ra usi· 
llC$ Cl acquicn k droit de faire de rin
formatiquc a de sc lanar sur lcs aw· 
chbftnJllCR. 

1914 : Misc en placr ck la SU1ICUC tiparalll 
A Tr dn compqnics loc:alcs llEU. 

1916 : Computer Inquiry Ill. LI FCC (fede
ral Communication Commission) 
rcwicnl en arriCre. 

1916: ATf a la BOC (Bell Opcracilla C:
panics) ac som plus comrainu de cons
lilucr des fdialcs lfpll'iG JO" .-u
cillisa matfrids a scrwica l valcur 
ajourlc. 

Laprinapa 
Disiinaion cnve la services de base (cram

pon ll'lftlPIRll' d'irJonm*i· a lcs 1CTvica 
cnrichis .., 1111 nitallClll im&r.!li6ft de rift. 
fonnalion. Les prcmim l.llll r!J.WS ct lcs 
a1111e1 IOlllllis • la coaaarrcncc. 

La pllldcs flapa 
1169 : Le 8ricisll P• Otra dcwlclll .. fla. 

......... palllic ("°'JIGlalioo) 

<J-i ,., quo;~ 
A.-ilts rta..,.im : ~ dfpclldcm da 

lfajslalif. Aa m- Rd&al : la FCC (Rdfral 
c-•icalioa () ww11iss;..J Aa lliwcaa de 
dllquc Em : lac w11 Li II'" dcuawim pdllics 
(PUC). 

TM,/ic loml n ~ _. ~: 
MClllOflll" des 7 IOCiilis fttjoallcs BELL ou 
de ca J rs iadipcadanm (G1E CSl la pills 
arouc>- Les ria491nin 111111 ~a. 
uwjcnics l dC5 _,.macs de llmficc puWic : 
dcsscnc des ZODCS - rcn&a111cs, urifs pat. 
qafs. •. 

TMfic il"""6lin """'* ddlM« : c'm le 
dsimc de la CllllCllfTCla iqtr,..._ Trois 
opemcws priacipam: ATf (IS .. da -· 
cht), MCI (6 ... IBM l 16 .. des Kliom), 
GTE-SPRINTS US (4 'lit). La wifs -
approuwfs pu la FCC. 

TISfe ~: CDllUllTCllCIC d'ATf· 
MCl-COMSAT Cl des RWGldcurs. 

~ nrridlil (Tl"-iqw}. la tqk csc 
II-. Les optrauws offrw des scr· 
vices de lnllSpCln .--_..' Cllllldi· 
lion de• pu Jllbuc..U- ca scnica pu 
lcs pins lfalists awe le vu.pon. 

De fail. .. -.ftlc ~Kion • incilf 
lcs optntnn ck uuspon' illfqm de -
9Cllcs aaiwilfl : balions. -de ...met·. 
.mca infClmllliqua, il'llplanUlicll~ 
(A TT en Europe ••• ). 

Grande-Bretagne 

Les pmlllcs flapcs 
.,., : Stpm--•r I • • ......... 

tadcalcda'8f4 • ·-
ltsl: a....• r.....-....... Nip-'°" ....... -...- ,_.le 

.maa.-...a•KDD • .....
priwft. ,_le .mm........._ 

I*: Loi•loii!lt 1 ·er ··alaimr 
1e ..... dcNTT4111i l*-
llir -mrcprisc .. ~ ...... 

La priltcipC'I 
la~- di-.W lcs poslCllCWI 

d'illf1A111IKWIG Cl la - cipfQlnn lllli 
afflal "' Klwim .,,..... ....... 

Qui J-it quo; 1 
AlllOrid rtpltr.ricr : la Dine (1oi5) ct le 

miniaCrc des PTT (rqlcmm«s) . 

llbmll looll: Ir_.,.,. at -re 6 NTT 

.. doil ,_., - dilaimimiioa -
COiilQjfttlll. Les tarifs - coau61b. NTT ca 
--• da COllllainlcs de scr,,;cc palllic. 

Ms&ll .._.. : CllllCVrJCllCIC, ftaimc 
d'auuwisa&ioa aY&C COllU6lc drs PTT. • 

--de NIT IOlll alorWs.. 
R"-' ilwrMlionlll: -opoac de ICDD. 

Le millisttrc des PTT~ roawmarc l la 
COllCUfttllCX. 

s-m "",,,,,,.,_ : - ........, dam 
ca&qorics: 

Lo~ spkilna .acm .. --des 
m.aa imponanu (Illas de SCIO ciraiu l 
I :llO llills) orfcns i llllC diaUlc-• ._. 
...... lls pcuwtliC iuc OPlfU - l'flnllltt. 
L'ophalcur doil oblalir - .uirilalioa oil 
ii •'ClllllC l dfpowr • llrif• Cl ' - rtfwcr -----Lo_,...,~ UN1apa11f• l la 
•jorill drs scrwica lllt•H~ D ..tr11 
d'- limple dicllracioL OD CD11i1* dfjt dNa 
CltllU ~ de or IJllC. 1911 : llMliondrll ......... Dalll m, .. 

,_, lcs 1111: a - • nic:aliaas. w pour 
la difflllioll. lriUlll Tei-. lllk pu 
.,,.,.._ ... plllte. La ClllllQirTCll(C 

IOlll fiids par - IUlorilalioll tp6cialc. llipu
liull lo Clllllninlcs. --pullk. fillcnlic· 
lion dr r.1b1'mcioM croilftl a S. ...._ 
IDccrdiCs. --~~~~~~~~~~~~~-

- illuoduilc pour lcs ICnlliAau. 
1912 : Crtacion de Mcrcwy 
1914 : Slplralion des fonaions ,qlancncacion 

Cl .. cur. 8rUll T116cmununic:alion 
CSC en panic priv11isk. 

La prilltipa 
On dilCinpK : 

- lo optr11cu~ publics, qui tnClll lcs inAaJ. 
t.1ionJ pm11C111111 le pur uanspon d'worma· 
lion; ill_, au llOlllbfe de dnP, Brililll Tele· 
CIDlll (BT) " Mercury; lcun droiU " *-'oin 

- La opfnlcan de mmu l wllcur ajouclc 
(tcmca llllluliqufS); • IOnl eucorWs par 
UllC lima lfnlralc idcmiquc llOUf IOUS. • 

Qui /•it qvoi 1 
Le pouvoir rtaltm:r.iairc 01 nerd par le 

mini11trr du-~ a de l'induRric, DTI, 
qui pn11 le dtWprr en panic 6 un orrrc, 
(OfTEL). 

R'-1 lon1I: BT 1 le quui fllOllOPOk'. Mn· 
air) I dn 'OMC-.iGI', dirte'ICI av« la lfandl 

compccs a Londra. clans la C11y. 

Source : France Telecom, n° 62, juin 1987 

ltblw ,.,;o,,., n ..,_,.,iotwl: -· 
"""cnur IT rr Mer~. u pan dc-.ardll 
de Mrrcvry .. uis paiic. Mcmuy COMnlic 
un rtsau en (ibrcs opciqun 11 quc1qan c.R• 
mu&a1curs llltpltoniqurs. 

~I""'"" •JOflfl<r fV ANJ: rtsimf de 
c~urrtMc 101n licence en coun dr rtdltini· 
llOll. 

LI lllUlllOn IClud!C' K :at1nlrvr par UllC 

nouvclk dyn.vn,qu,. dr BT q111 aru"'r pour quc 
I' AnsJclC'"C Clc•1CllM II plaquf IOUmMIC dn 
1lltcommun1u11on1 inrrrn111on1lrs dr 
l'Europt. 

• Ce sont les uois pays ayant a ce jour pris des mesures imponantes de dereglementation 

• 
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4.3. Artificial intelligence 

• Table IV-lZ : THE DUE PRIRCIPAL GLOBAL PUBLIC PROGIWltES FOR 

• 

• 

Organisme 

RISEAllCB DITO ARTIFICIAL l.ITELLIGEllCE 

I ~ (Dol>) I IOJf 
(MITI) I (Dept. ~ndustry 

-----------------------------------------------------------------------------.5 ans (f) I 5 ans I 
(puis prolonge) 

10 ans ~nee 

-----------------------------------------------------------------------------
6 ' 6 6 • 

JO s 10 y 10 S (a 10 L 10 S<a> 

1932 - 0,4 l ,6 2,0 3,.5 

19&3 - 2,7 11,6 21,S 43,2 

1914 so .5,1 21,.5 '18,0 64,0 

l9U 9.5 4,1 21,7 .56 SI ,9 

1916 (p) 1.50 12,0 .55,0 64,S 94,4 

1917 (p) 1.5.5 12,0 .5.5 t 0 6•,.5 9.5,1 

1911 (p) ISO 12,0 S.5,0(el -
-- . . . ... ... 

-----------------------------------------------------------------------------I 383,0 
Total des 

fonds pub I ics 600 
-----------------------------------------------------------------------------I 2so, o I 1000 I 3s2,o I s.s1;0 Grand total (b) I 600 (d) 

-----------------------------------------------------------------------------I I I Fonds publics en~ 100 I 
(a) aux taux de change courants, sauf apres 1915 

1 S : 220 Yens et 1,•63 l 

(b) au taux de change de 1912 

(c) SSO MS avec le prive si tout est realise 

7.5 

(d) la Dl.RPA planifie un total d'un milliard de dollars d'ici a 1990-1992 

(e) la s~ est de 221 en 1911 

(f) une faible partie d'Alvey (environ 10 4.t) ~st specifiqu~nt orientee IA 

Source : CERDIC, d'apres les donnees des tableaux precedents. 
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CHAPTER V 

CHARACTERISTICS ARD TRERDS OF 
THE PRINCIPAL VORLD KAR~ETS 

FOR PRODUCTS ARD SERVICES 

1. THE GERERAL llOV~ 

1. 'the electronics industry has developed by a double 80VWllt of 
growth in the existing .. rkets coupled vith the multiplication of its 
applications. Alloagst the latter the processing of inforution. or 
inforutics, is certainly the 80Bt spectaular of all the •new" 
applicatiGDs, new, tb.tt is, if one refers to the inter-war years when the 
doainaat branch vu .... coaetmer electronics (ltCE). One of the 
characteristics of the eo•t-vak electronic• industry. particularly duri!!I 
tile seventies, was the replacelll!llt of cOD81111er aooc!s by capital !CJ!ip!!!t 
l'OOCI!· 'thus between 1957 aad 1986, in the five leadiag industrialised 
countries, the share of llCE in the electronics equip1ent .. rket fell froa 
30% to 15% (see Amlex AS), giriag way to industrial equip.aat. The second 
characteristic o( the past evolution of the electronics industries is the 
coasiderable fall in the price of equipment, a fall which has been faster 
than that of the price of the electronic coaponeats and the raw aaterials 
used in their aanufacture. Whilst facilitating the diffusion of new 
applications this situation has nevertheless aade competition 90re intense 
(cf. Chapter III). 11ovever very rapid technological evolution has aade an 
effective contribution to the dynaaisa of the .. rket. The ephemeral 
nature of the aarket can be shova by the fact that 53% of the turnover at 
llevlett-Packard was contributed by products less than three years old: 21% 
was due to products which had appeared during the year. This is the 
dyauic which has contributed towards the growth of the aarkets for the 
electronics industry in the aajor industrialised countries (Figure V-1). 

358 

388 

2~" 

288 
n$ 

158 

Figure V-1 
GROWTH or THE HARUTS FOR ELECTROBICS IR 

THE MAJOR IBDUSTRIALISED COURTRIES 
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2. As a result of this considerable gr~~th the ~rkets for the 
electronics industry finished by representing a con=idera~le proportion of 
econoaic activity. Taking into account the availab!e figures for some 
industrialised countries (US. France. Vest Genaany. Japan and the UK) it is 
possible to esti .. te tbe sbare of tbese .. rkets in t~e GDP: in 195i-t:iie 
figure was already Z.51, by 1986 it was 3.91 (Figure v-z). It should be 
noted that tbis rise took place despite tbe rise in the contribution of 
services in Western econamies. and also despite tbe persistent inflation of 
the seventies. Electronics products had. as ve have already seen and 
unlike other sectors, fallen in value over the whole of tbe period. One 
.. y consider, therefore, that this ratio is characterised by a nu.erator 
effectively calculated in teras of voluae and a denoainator (the GDP) 
calculated in current values. Ve mow that, in the United States, the 
electronics industry accounted for 7.51 of the total manufacturing 
production in 1975 and 151 in 1986. By the year 1995 this ratio should 
have reached about 321, or one Dollar out of every three in aanufacturing 
production vould represent electronics. 

Figure V-2 
THE ELECTROBICS MAHETS AS A PERCDTAGE OF THE GDP 

tl1 Eta ts Un is 

~ Ro9au•e-Uni 

ti] . Japon 

El RFA 
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. = .. :: · . 

.-; :~~ :~~-
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annee 

Source :GERDIC 

3. The end of the eipties was a Hverely disrupted period for world 
indu•try. After the •trong recovery of 1982-1984 there followed a period 
of rece•sion, and then of .oderate growth, which particularly affected the 
electronic• industries •ince the coepetition engendered the accumulation of 
excess production capacities, in particular in Hmiconductors '.d in 
informatics. The Stock Exchange crash of 19 October 1987 also cast a 
shadow 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. 
ln all fields invest .. nts in equipment goods seem to be recovering. HCE 

• 

.. 
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should grov by 9% and the semiconductors .arket by 9.1%. The same trends 
seea to be operating in Europe, the aore so since investment incoae is only 
a transitory and .. rginal part of the incoae of Europeans. The influence 
of the Stock Exchange crash vi 11 probably be even aore llOderate in this 
region. According to Dataquest the European .. rtets should increase, 
1-etween nov and 1992, by 50S for 32-bit aicro-coaputers, 30% for digital 
telec~ications and 261 for cellular radio. Finally in JapAn the 
domestic aartet should be the driving force behind the grovth of the 
electronics industries. The recovery plan of July 1987 rill have 
contributed to a not inconsiderable extent to the aaintenance of grovth. 
Thus in 1987 electrMics produc~ion in Japan increased by only 2.6% but 
exports fell by 2.D (25.41 of this for llCE). The doaestic .. rtet shoved 
an increase of 7.JZ, 111 for ICE. As a result of this recovery on the 
domestic aartet die Eli.! is c.mting OD an increase in production of 7S 
in 1988; this t.licates that Japanese electronics production will exceed 
US$ 150 billions. 

4. The prospects for el.ctronics do not therefore seem to be troubled 
by the cyclic -..riations in the world econOllJ. Bost recessions in these 
industries are provoket by endogenous causes. Rovever, aost experts 
consider that the fl'OWth of the electronics industries over the coaiag ten 
years rill, with the exception of software, be less than that of the 
previous ten years, all other things beiag equal. This forecast rill not 
be valid within the context of a revision of the position of the I1'F or of 
the .. jor world baats in respect to the debts of the developing countries. 
Whatever the position the coasultants Henderson Ventures consider that the 
production of electronics eguiP!'!nt (that is to say excluding CO!J!ODents) 
should rise ia all the .. rket econO!Y countries bf 11.81 between 1985 aad 
1990 but by 10.31 between 1988 aad 1990 as coaeared with 11.61 betveea 1990 
and 1995. lu the United States alone, =iad over the sne periods, the 
rates of inr.rease will be respectively 11.21, 9.41 aad 10.51 (Figure V-3). 
At a aore detailed level, but in a shorter tera, the BIPE shows very 
different evolutions in the various seJ118Dts of the aartet. These data, 
s111111&rised in Tabl~ V-1, shov the favoured fields of automation 
(mecbatronics), opto-electronics and laser dist drives • 
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Figure V-3 

1ft>RLD llAUET FORECASTS FOR ELECTRO!tlCS EQUIPKEIT 
{US$ billions) 
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Source GERIJI C d' ~pres les stat isti,ues d' lfendersl•n Ventures. 
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AMllOAL RATES OF GROV'l'll Ill VARIOUS FIELDS 
OF ELECTRORICS (1984-1990) 
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2. lnforaatics : in,. reasing pov.:r 

5. The aost ch•racteristic branch of the electronics industry since the 
Second Vorld Var is the infomtion processing or infor.atics industry, 
which remains a c~allenge to global c~tition. Yhilst the beginning of 
the eighties was notable for the diffusion of •elementary• aicro
inforaatics the aarket has nov opted for aicro-infor.atics systeas at the 
top of the range. Already the aulti-user aicrocoaputers of Sun 
Microsystems or Apollo Coaputer I~c. are coaing into coapetition with aini
coaputers and even the universal ca.puters in the fields of CAD and CAM. 
la the United States in 1935 aicroc ters should re resent a considerable 
part of the .. rket (Figure V-4 • SUcb an evolution should reS1&lt in the 
disappearance of aiaica.puters aad will require a coaplete redefining of 
the product ranges by firas such as DEC, Data General, Bidorf, Bevlett
Packard aacl Philips. By vay of illustration the Series 1000 systea of 
Arete Systeas Inc. is capable of carrying out tasks at present handled by 
DEC's 'Vil 780, but is very considerably cheaper. Even the doainaat groups 
in the IUllCB (BURROUGHS, UllIYAC, ICll, CDC and llOllEIVELL} or IBll rill be 
required to aaaOftuvre since mediua aad large universal CO!!p!ters rill no 
loopr be built using exclusive hardware and software. Locking the client 
into non-transportable software vill no longer be considered, as was 
formerly the case. Yictias of their basic hardware the producers of 
aaiafra11es (universal coaputers} or ainic09p0ters run the risk of re11aiaing 
fixed ·~ the architectures of the traditional 3ysteas (Von BeUlllUUI 
procesf: . ) and, hrtheraore, they unifest soee lethargy in locating 
thease::i.. -"' in the nev field of coapetition. However they have adequate 
cashflovs aad their historical acquisitions to operate a spectacular 
reconversion. 

figure V-4 
THE STRUCTURE OF THE IIFOIMATICS MAHET II THE UBITED STATES 
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6. Vhilst aost computers handle data in series the never aachines are 
built around parallel processors which allow data to be processed 
siaultaneously. In 1986 the world aarltet for such aachines remains 
eabryonic, representing about 50,000 aachines and a total value of 
US$ lla.The value of this nev type of architecture is that it considerably 
increases the speed of calculation. Many projects reaain in the 
laboratory, but the aajor constructors have already announced products of 
the fifth generation of computers. IBM has shown its RISC (Reduced 
Instruction Set Coaputer), An is working with DARPA, AD agency of the 
Ministry of Defense, on a parall~l coaputer vitb speech recognition, and 
DEC bas defined, with the Carne·n-Kellon University, a Parallel Process 
Architecture (PPA). Bovever th~ introduction of this new generation will 
result in the sudden obsolescenc;e of all ranges of .. chines at present in 
use, the aore so since the sof·:ware will not be transportable to the new 
operating systems, often based •3n ATT'S URIX. This is why the principal 
sellers of v~ctorial aacbines are saall independent firas such as SEQUENT 
COftPU'tERS, ALLIART COMPUTERS, R-cuBE or PARALLEL COMPUTERS. Called 
Crayettes, by way of allusion to Cray Research, the super-computer 
llallUfacturers, they offer ainic011puters of very high power which are now 
coapetitive with the traditional coaputers, 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 110re than 30% of aainfra11es and 25% of 
super-ainicomputers by 1991: it is already used in most super-computers. 
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Figure V-6 
WORLD APPLICATIONS OF PARALLEL PROCESSORS UP TO 1991 
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7. Personal computers have also turned the profile of the industry 
upside down by alloving the development of coapanies such as Apple, Compaq 
or Tandon. Sioce its birth at the beginning of the eighties this market 
has benefitted from a double-figure level of grovth in such a vay that many 
firas have been teapted to enter it, leading to incessant price vars 
particularly since households have abandoned hoae coeputers to adopt the 
IBM PC-XT or its coepatibles. The introduction of the nev IBM aodel, 
the PS/2, built around the Intel 80386 32-bit aicroprocessor and using 
Microsoft's OS/2 operating systea, has increased the dynaaisa of this 
aarket and has led Apple to announce price reductions on its Kaclntosh 11 
and Macintosh SE aodels. Evaluation of this aarket is difficult, given 
the large nuaber of producers in the vor1'1. The EiC values it at 
US$ 20 billion in 1986 and '!!lCpects a growth of 12% between nov and 1992. 
Froa its side DATAMATION estimates the 1987 market at US$ 23. 7 billion: 
this would see• to be slightly underestimated when coapared vith that by 
Dataquest (Figure V-7). 

Figure V-7 
WORLD SALES or KlCROCOKPUTERS 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 
~uper-~icros (aicroprocessor-based systems) the response of the industry is 
to propose vectorial processors (cf. 6): DEC is preparing its Vectc.r VAX 
and IBM has announced its Silverlake. Despite that, the growth of this 
aarket is not likely to reach that of the other segments of the informatics 
aarket. A stagnation in the nuaber of units is 110re than probable, the 

rowth in the aarket bein carried forward b the increasin over of these 
CO!J)Uters. It should at least reach 91 Figure V-8 • The manufacturers 
of mini-mainfraaes risk being amongst the victims of this change (Data 
General, Priae Coaputer and Wang), whereas those firas which have chosen 
niches (NCR, Siemens and Tandem Computers) vill be less affected, 
particularly when then have opted for a ORIX enviro08ent. By contrast the 
aarket for the super-ainicoaputers, still doainated by IBM (221), DEC (171) 
and Hewlett-Packard (151) should continue to grov significantly at more 
than 201 a year to reach US$ 13· ·billions iu 1988 as against US$ 8.5b in 
1986, that is tc say about 100,0'>0 machines sold every year as compared 
vith 65,000 in 1986. 

58080 

45808 

48000 

3SOHO 

3800H 

25000 

2800H 
1986 

Figure V-8 
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9. The other seprnt of the market which has been disrupted by 
technological evolution is that. of the universal coa:euters or mainframes. 
Analysts consider that two-figure growth is now part of the past of this 
industry. Most buyers are now tur.iing 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 
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belov 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 aarket. The Araonk company, for which it 
represents 25% of its turnover, has suffered froa a collapse in sales of 
the 3090 Sierra (-20%) to such an extent that the growth of IBM is no~ in 
the hands of aicro-inforaatics (its OS/2 aoclel) and softvare. Vith an 
expected growth of 7% in 1988 this still healthy aarket vill definitely 
have reached its maturity, and reconversions or difficulties are nov 
apparent in the case of some producers. The aarket represented 
US$ 26.9 billion in 1987. 

Table V-2 : llAIRFRAMES TURROVER OF THE PRINCIPAL PRODUCERS 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 
•<111illions de •• 198b l'i84 7.. • 
•••••••••••••••••••••••••••••••••••••••••••••••••••• 
•IEIM Corp. 1445•) n131 llJ. •)4~. • 
•Fujitsu Ltd 2469.7 13qq,7 7b.447. • 
•NEC Corp. 2274,9 913,8 148, 957. • 
•Uni5yS Corp. 220•:• 2q1)1, l -24,177. • 
•Hitetchi Ltd 1371. 4 771,B 17.b97. • 
•Ci'peupe &ull 9:;:1,9 5&)(• b4.397. • 
•tioneywe 11 Inc. 74(1 bb5 11. ~e;~ • 
•Siemens AG 582.9 807 -"2.7. 777. .. 
•Cr•y research In•-:. ~=s.s lb9,7 2•)9. 6b:~ • 
•Amdahl C:orp. 497.b 4•.t•J ::4 • 4•)Z • 
11STC: f'lc 486 3o~,q ~!-. q:;:-;~ • 
•Control Data Corp. 4(11) e i-; -5• .. •. so-;~ • 
111~ .. tional Se1111. J.(H) ~50 21J. (•• ·~: • 
•f<OSF ~7b.'5 1.:.4 l•)b. :,4;:. ... 
•11i ts•-•b 1 sh i El ec. t ,-1 c 1 El4. b 15•) 2'!.. (177. • 
•UC.R Corp. 174,2 1:.4:'.i -87.•)5% .. 
•Sou-;. rurAL :!7755.2 ~4 7 1 '' 1 ~. :.1 :: • 
•Autre~ 344.B 355.1 -~. '?(·~~ • 
•Grand TUfAL. ::e 1 (11) ~5•)09. 1 I::, •)9:~ • 
·······································j············ 

SoL•rce : GE.litHC d. apres OATAMAf IUN. 

10. Competition is also becoming more severe on the super-computers 
market: there are nov more producers than ever before. The dominant 
firm, Cray Research, after having dethroned Control Data, is now 
experiencing competition from Japanese and North Americam firms 
(Figure V-9). In Japan the three principal constructors, Fujitsu, Hitachi 
and NEC, are in violent conflict vith REC being the most active, trying to 
penetrate the American market by way of an agreement vith Honeywell. The 
latter will market the SX-2 in Borth America. Furthermore Control Data 
(CDC) has facilitated the creation of a nev company, ETA Systems Inc, in 
which it bas an 891 shareholding. The ETA 10 is marketed in Europe 
through the CDC network. As far as the ne'-" 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 shov to what an 
extent the buyers club is favoured (70 nev machines a year). However the 
market is growing very rapidly, at between 251 and 30% a year, whilst 
prices are falling; the Cray I, launched in 1976, cost US$ 10 million 
whilst a machine twice as fast such as the ETA-10 costs US Sm. The high 
rate of growth s also explained by the n..:rea11ng needs for modelling 
techniques in the aeronautics, automobile and nuclear industries. Ho~ever 
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this segment of the aarket remains liaited since it only accounted for 
US% 705• in 1987 if one excludes vectorial processors, ainisuper-computers 
and the top of the range of aainfra.es. 

Price of a configuration (US$ aillions) 
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3. SOFTWARE : THE CROSSROADS 

11. It was in the middle of the seventies that the real aeasure of the 
crucial role of sof tvare in the world electronics industry could be taten. 
The value of this market is very difficult to evaluate, depending on 
whether informatics services o= 1of tvare maintenance are incorporated in 
it. Whilst the hundred leading firas in the world software industry bad a 
total turnover of US$ 17 .Ob and US$ 15.2b respectively for software and 
services, according to the DATAMATIOR magazine. EIC, the Electronic• 
International Corporation evaluates the market at US$ 66.Sb, of vbich 
applications progra.111 and cu1tomi1ed software account for US$ 38b. With 
an extremal low entr cost this industr has en o ed a level of r'OViii 
vbicb has remained between 10% and 20% eer year, and t •hould .. intain 
this level up to the middle of the nineties. Decentrali1ed inforutic1, 
born with the aini-computer and widely di11eminated with the development of 
aicro-computers, bas considerably 110dified the profile of this indultry. 
The adoption by IBM in 1981 of the MS/DOS operating 1y1tem from the 
independent firm Microsoft characterise• this new situation of the eighties 
when the ISV' s (Iodepndent Software Vendors) were able to impose their 
1tandard1 (Figure V-10). The explosion of the market led in 1984 to the 
establi1hment of the first international software exhibition, SOFTCON, in 
Rev Orlean1. 
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Figure V-10 
BREADOWN OF THE SOF'lWARE MAllET BEtVEEll HARDWARE 
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12. However this industry sti 11 has recourse to archaic production 
•thocls. Vhilst the power of COllpUters is doubling every tvo or three 
years, and the length of the prograas increases by 25% a year, the number 
of progra.aers is only increasing by 4%. Further.ore the older softvares, 
installed SOiie tventy years ago, have been modified to keep up with 
e.olutioas in needs and hardware. llodifyiag these proareas is fouad to be 
iac:reasingly difficult, and reduces their efficiency. The aaiotenaoce of 
software nov absorbs 60% of iaforaatioo processing budgets. These 
coastraiots have favoured the de.,,-elopmeat of CASE Ceo.pater Assisted 
Sofevare Editing). Initiated by Fraoce and Great Britain within the 
fr~rk of an ESPRIT project with financing of US$ 690a CASE has nov been 
taken over by Japanese industrialists in the SIGltA project (US$ 200.). 
According to Texas Instruments expert CASE 9stems should represent a 
market of US$ 2 billion by 1992. The spread of CASE clearly influences 
tbe forecasts for the growth of tbe -rket. International Dau Corp. 
evaluates the 1990 United States .. rket for applications software as about 
US$ 40b: according to this company it vas US$ 8b in 1983 and US$ 21b in 
1986. Io Europe the aarltet vill tend towards US$ 25b by the date of the 
application of the Single Act as against US$ 5b in 1982 :Figure V-12). 
The EIC forecasts slightly aore modest rates of growth, of the order of ZOI 
to 22S, but these rill nevertheless re11ain very satisfactory. 
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Figure V-12 
FORECASTS FOR THE EUROPEAR .APPLICATIOBS PROGRAllS MAUET 
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13. As in the case of the conventional software the operating systems 
(OS) are also lagging behind the nev computers. Software vhich emulates 
the essential functions of the .. chine aust carry out tasks c011aOn to all 
applications softwares. The first generation of OS for aicro-computers 
was Digital Research's CP/K, dethroned by lli.crosoft's !IS/DOS. But the 
•oftvare designers proposed integrated applications which si.aaltaoeously 
-late several progr_. while each progr-, iacreuingly si11ple for the 
uer, has 110re and 110re functions which demand •re ..ories. All OS using 
llS/DOS can control only 6401t of central M110ry, a capacity which begins to 
be ol>sole•cent in respect of the requirement• of users and the potential of 
the tecbaology. This lag is even 110re clearly seen with the vi.despread 
use of the Intel 80386 32-bit microprocessor. Altbongh it can 
•imnltaneously activate different progr... and use c01U1iderable ...,....ts of 
_,ry this ai.croprocessor bas not •o far found an OS which optiai.ses its 
utilisation. Vitia the 11111 PS/2 lli.crosoft b&9 offered the operating sy•tem 
OS/2 •o a• to .. intain the dOllination of DOS ia ticro-i.aforwatics: in the 
United States is likely to ri•e from 68% in 1986 to 841 by 1990. 

14. By coatrut in other fields of informatics the •earch for aa 
international standard and the trasportability of applicatiou •ofbrare 
bas led increuing auabers of MDufacturers to adopt ~ U8ll OS, developed 
ill 1969 by Arr. Initially -rlteted by the uaufacturers of -!ti-user 
nperaicro-computers, such as Al to• Computer or Plex118 Computers, UlllX is 
fiadia iacreasi lnmbers of a licatiou• in the flexible worbho 
CAD CAii and super-c-eaters. '!his is vhy 1llTEL ha• configured its nev 
faily of 80X86 mcroproceHors to work aader mnx. Oil 17 May 1988 ~ 
consensus of uaufacturers resulted in an wee.eat between lml, DEC, 
Aeollo, BP, Bull, Bixclorf and Siemens to develop a DeW •tao~ard derived 
fro. UlllX. Despite iu purcbue of Sun llicroSJ•te.8, a COllPHY producing 
work stations, and its desire to control cOlling developments in thi• OS, 
Arr lost control of iu software. However ICL, Ierox and Unisys (the 
result of the Burroughs-Sperry •rger) rallied to Sun-Arr. 'rile stakes are 
high, representing the last chance for Arr to .. intain its place on the 
informatics .. rltet. If one computer in a hundred was operating under UlllX 
in 1981 tbb .. rltet will aeecl to be 11Ultiplied by tvelve, in Europe, 
between nov and 1991. Apple itself announced a U81X OS for its 
llacintosh II in February 1988. 

15. Artificial lntelligeace (Al) covers uay field• of applications in 
vhicb •pecific software loaded into •afficiently powerful aachines aaltes it 
poHible tr, offer diagnoses, to assist design vork, to translate texts, 
etc. 'Ille software used in these espert •Y•t ... refers to reference bases 
to "reuon" and to arrive at conclusions. This field bas been explored 
for nearl thirt ears now and Al de ds •re rticularl on tvo 
lan s LISP and PROLOG which aake it Hible to rocess 
•Y11bols as well as aa11bers, in such a vay that they are 11Uch faster than 
other progr-ing laapap• •uch as Buie, Cobol or ADA. In 1985 the 
first "expert" softwares appeared, and ••t .. aufacturers have nov offered 
LISP or PROLOG c011pilers. llany companies have beea created and 
gover .... ats are .ultiplying their financing facilities. la thi• ferment 
of activities it is difficult to evaluate the aarket. In 1985 it was 
esti .. ted at US$ 200. in the US: it should reach US$ 4b to lOb in 1990 
and US$ 30-40b by 1995, taking hardware and •oftware together. The 
•oftvare (natural and Al language•) would have repr~••nted US$ 60 in 1985, 
but the aarket should increase by •re than 60%. Table V-3 1et1 out the 
lover bypath••••· 
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Table V-3 : THE MORTB AllERICAll tlAllET FOR ARTIFICIAL 
IllTELLIGDICE (US% millions) 
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4. TELECOMllJBICATIOBS : CCllPUSSIOI' AGAUST ISDll 

16. '!be teleca..maications iad88try is, above all, characterised by its 
convergence with informatics. Ia tea years the fusion of the two fields 
ba8 been completed with the development of services such as speech 
-ilboxes, electronic -n and video-conferencing. Simultaneously aev 
opportunities have ..erged such as private networks, ... rt buildings aad 
Local Area lletvorb {I.All). Fro. this femeat ha• resulted the 
disappearance of the frontier between private and public networks, and in 
the Salle way it has beCOlle difficult to di1ti11g-.1ish between switching aad 
tranniHioa. Bowever analysts are agreed in conaidering that certain 
aepeata of the -rtet will stagnate or de~rease in the United States aad 
in Europe between now and the start of the nbetiH (Table• V-4 and V-5). 
Public exchanges will fora a stagnant -rtet, and the sa11e will apply to 
PBX. as long as the Ism (Integrated Services Digital Wetworks) have not 
been completed. However large fins, whose telec~ications budgets are 
considerable by reason of the large quantities of data they transfer, •re 
forced to bypass the pablic networks and to replace th• with tlaeir own 
aetworl • 'rhi• growing trend should off er an interesting outlet for the 
producers of cellular equi.,..at (Motorola, nc, Marra ud Si-u) and high 
speed multiplexers. 'rile growth of these 1epeats of the .. rtet •1aoulcl 
fall off in the aiddla of the nineties with tlae installation• of ISDll in 
tbe industrialised countries. Digital networks offer users attractive 
services at reasonable cost, so dis•uading tbea fro. bypassing the public 
networks. 'rile global prospects for tbe .. rtet .. 1te1 it po11ible to 
eavisage tbe increased sophistication of equi.,..at intended for the U8er1 
wlaich will result, with tlae ISDB, in the iutallation of videophones or 
other futuristic c09'.IMDication• equipment. Simultaaeou•lJ one 11U1t expect 
a reduction in tra•blion coats as a result of the .. ltiplication of 
wideband fi\,re optic• network• and signal compression-decompreHion 
tecbaiques (CODEC) vbich will u1te it poHible to increase tbe number of 
data handled bJ the network. Tbil will affect the .. rket for packet 
traasaiHion vbicb will begin to fall off frOll 1993 onward• in the U11ited 
States, after having increased bJ 251 between 1987 and 1991. 
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FORECASTS OF TRE EUROPEAll TELEComtullICA?IORS 
EQUIPllEBT llAllET (US$ aillions) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Hill ions de dollars 1986 <S> 1991 (SJ (") • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Terainaux 3565 28,lS 4583 27,0S 5,15~ • 
• Co••utation publique 3032 23,9S 2733 16,lS -2,06S • 
• Co••utation privee 2829 22.3S 2903 17,lS o.szs • 
• Trans•ission 1535 12, lS 4122 12,SS 6,69S • • Transaission de donnees 1421 11, 2S 3293 19,4" 18.30S • 
• Coni•unications cellulair~s 266 2.1s 968 5,7S 29,48S • • Autres Equipeaents 38 0,3S 373 2.zs 57,90,. • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Total 12667 100,~S 16975 100.0• 5,99~ • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Source : GERDIC d'apres Electronique Hebda. 7105,1987. 

Table V-5 FORECASTS or THE lfORTB AJIDICAll TELECOltllUlllCA?IORS 
F.QUIPllEIT llAIDT (US$ ailliou) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Hi 11 ions de doilars 1985 (") 1990 cs) ( ") • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Ter•inaux 1243 5,54S 2018 6,63S 10.2s • 
• Coaautaticn Publ ique 6005 26,76S 5100 16,92S -3,2S • 
• Coaautation Privee 5247 23,36" 4072 15, 11 S -4,9S • • Transmission 4532 20,19S 7420 27,53S 10, "" • 
• Fibres Optiques 725 3,23S 1638 6,62~ 20-, 4S • 
• T-1 '1ultiplexeur 145 0,6SS 562 2,09S 31, IS ti 

• Communications Cel lulaires 528 2.3SS 920 3,41S 11, 7S • 
• Datacom 1992 8,88S 6136 22,77S 25,2S • • Bypass eel lulaires 228 1. 02" 556 2,06S 19,SS • 
• Autres 1799 8,02S 1611 6.72S 0, IS • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Total 22444 100.oos 30433 100,00S 6,3S • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Source : GERDIC d'apres Electronic Business, donnees de Dataquest 

• 

.. 
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17. the most dyaaaic sea-ant of the traosaissioos aar'ltet involves the 
T-1 aultiplexers (KUX), the one of which coaes froc the technical 
specifications for this equi,.ent which is able to transait digitised data 
at a r11te of 1.5 llegabits/secood, that is to say the equivalent of 24 
telephone conversations, using a single chmel. eo.paoies which have 
constructed S09e dozens of local aeblor'lts can use ::hea for long-ilistance 

.. CG mications usiag the T-1 1111. Finally the T-1 allows the fusion of 
digitised telephoae cODYersatioas and data. The price of such equi..-ent, 
US$ 50,000 to US$ 1001 000 1 can be -rtised over four to six 8Dlltbs froa 
the resultant econoaies. 

• 

Figure Y-13 
IWIOFAC'IOIERS OB DIE 1IOllLD IWtDT FOil T-1 llJI IR 1985 

11. ZH;,. 

(~ Ti•ep hnr 

(] """'"hi c.-. 
0 nva••l i 

3ource :GERDIC d'apr~s El~clruHic Business, douu,es d' IPC. 

18. The increased power of •icro-ce>11puters and the speed of signal 
processing requires iacreasingly rapid units for connection to the 
telephone netvor'lt (llOdulator/demodulators or MODEMs). The standard nov 
requires a •inimm speed of 9600 bits/second. The V.32 standard, as 
defined by the CCITT, bas not been adopted by all .. nufacturers, and the 
price of the units re11ains high at US$ 2000 each. This is why sales still 
re11ain li•ited to applications where cost is secondary in relation to 
performance. On the hypothesis of a fall in prices it is certain that 
this ur'ltet vi 11 develop very rapidly. However price reductions are 
difficult to operate as long as the CO!J?lex CCITT standard increases the 
cost price. This is why certain ce>11panies, like Telebit, have opted for 
their own protocol vbich the CCITT •e•s prepared to accept •• a vorld 
standard for the bottom of the range of high-speed modems • 
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Figure V-14 
TURNOVER ON 9600 bps MODEMS FROM AMERICAll MANUFACTURERS 
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Source GERDIC d'apres IDC. 

19. The increasing volme of digital data passing through the 
telec~ications network bas led to several upsets. The T-1 KUX 
represent one of the aspects of this change, but data ce>11pression and fibre 
optics have t1lso caused a technical break-point. Data CO!J)ression 
rovides considerable transaission econoaies since s ech can be 

transaitted at 16 kbits second and i .. ges video-conferencing at 64 
kbits/second instead of the 144 kbps which is the ISDlf standard. This 
technique partly reduces the attraction of fibre optics since transaission 
requirements can be reduced. It upsets the aodea aarket since it aaltes it 
possible to double or treble speeds, so reducing the interest in the 9600 
bits/second aodeas (cf. 18). The absence of a single standard for the 
latter risks favouring the 2400 bps aodea which, equipped for data 
compression, can provide 7200 bps for a price vhicn is auch lower than that 
of a high-speed aodea. Furtheraore the rest of the aodea aarltet consists 
of those integrated with aicrocoaputers so that the only remaining outlet 
for aoc1 ... i• tbe OEM aarket, but PCs are increasingly integrating llOdeas. 
This is why the growth of the .. rket in teras of volume should be 11.41 per 
year in the United States between 1988 and 1991 for high-speed aodems 
and 16.71 for .oc1 ... integrated into a PC. By contrast the aarltel for the 
other varieties of modems should decre6se by 2.51 per year. Figure V-15 
sbows the evolutions in teras of value. Despite annual deliveries rising 
from 2.2• to la units the falling prices vill result in a reduction of 8.51 
in the value of the United States aarltet. 

• 



• 

• 
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Figure V-15 
tllE BORTH A!IERICAK KAUET FOR ltODEltS (US$ aillions) 

1158 
·-------

958 a y._.,. i naux dP. 
Al•1u1ces 

7SO ~ lli•:ru-
oa·d i 11a leurs 

558 a llud•:w. HS 

-------- ---- ---
)SO 

150 
l 98(1 1989 1998 1991 

Source GERDIC d'apres Dalaquesl. 

20. Tile 80St numerous applications for fibre optics cables aad 
CO!pOneots are not in the national telec011mUDications networks but rather 
in users' equipMnt and local networks. Two factors have operated in this 
direction. Firstly the price of the active components has fallen 
considerably, vitll the opto-electronics for a fibre optics transaitter 
falling fro. US$ 2000 to US$ 500-600 in 1987, vitb 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 (roDI). Fibre 
optics networks to the FSSI standard could transait data 
at 100 Megabits/second. Many s•iconductor aaaufacturers 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/CltM vork stations. Traditionally doaioated by telec~icati,~n• 
the aarltet for fibre optics (cables aocl coaponents) should be progressi~ely 
doaioated by data cGm1UDications which, in the Uuited States, is likely to 
represent a third of the aarltet by 1992 (Table V-6). 

Table V-6 
UlllTED STATES MARKET FOR FIBRE OPTICS (US$ aillions) 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Hllllons de dollars 1986 ( ") 1992 ( ") • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 
• 
• 
• 

Harche Ftbres Optlques 
dont optoelectrontque 
dont Datacoin 
dont Connecteurs 

87S 
638 
137 
52 

100,00" 
72,91" 
15,66" 
S,94" 

2700 
~200 

812 
145 

100,00" 
81,48" 
30,071' 
S,37" 

20,Sti"• 
22,91"• 
34,53"• 
lEt, 63"• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Source : ~EROIC d'apres Electronic Business. 
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5. KECRATRONICS : THE GREAT 'lPANSIOll 

21. Automation calls on pa. . tically all sectors of electronics: 
COllpUters, controllers, seaiconductors, artificial intelligence, etc., all 
of which fora the brain of the Factory of the Future. The muscles are the 
robots, the programaable -chine-tools and the automatic handling 
equipment. finally the senses consist of the probes and sensors which 
evaluate the teaperature or detect vibrations. Finally it also 
incorporates the various foras of Computer Aided Design (CAD) and aut011&tic 
testing. According to work by the BIPE the world 8&rket vas esti .. ted at 
US§ 15 billion in 1983 and should reach US§ 85b by 1990, with an annual 
increase vaqina between 20% and 25%. Kechatronics touches all the 
sectors, whether invol~ing continuous processes (energy, chemicals) or 
batch processes (aut0110biles, electro-electronics industry, etc.). The 
energy industry alone represents 25% of t~e .. rket. Furthermore 
automation is spreading progressively into saall and 11ediua sized 
ca.paaies, since all functions are found to be auta.atable. Table V-7 
shows the expected growth of this .. rket in the United States by the 
various observable segments. 

Table V-7 
UllITED STATES MECllATRONICS llARKET (US$ aillions) 

......................................................................................... 
• rhlhon:; de duilars 
...................................................................................... ~ 
• ":M:nmes Ciutll; S3"J1i )J,87"4 'ii•:Oi 18,S!~ llf.:•:{ . ltl,314 1:.\i';;, • 
• tlir.utentiilf\ i«it•J11at1sce 0:,.:Mjcj ir;,b~ es•;.; 10,'10;;. IS(~)) 15.:oA. ll,o:. • 
• :=antrille et ~acaur.ns 3b°')I) l-l,'1bl 641jij lo,.:.;,. 145.:~:. 1-1, 7'5:. ..... ........ ;. • 
• Contr6ie; de f"rocide; ~h)(; l ~. 211i. 5S.}4) l•i, Si)i. l•)ift) ,,,, n:. l~,4~ • 
• Te;t • ~ ln5Dect1un oi.JtOiUtlllu~ J(•:~; !1,814 1-:..1:· I!.''" I :,·Mi•· i::. 21:; 14, ;;· • t 

• Sen~rs •f-a ipe<Jrs :4(~) 9,45~ 47(1(• &,'17;. 93')•) q,4t~ i4.~~ • 
• Cri011it..:! l 7iJI) o.~lfl ~')ij(1 a,5.;:, i:•i·! 1:, :1;-, :1.0· • • 
• Co.itraleurs f'ro-~r~i!; ](r(I 2,7o'i. 14•)1) ~.01~. :"~":':' ~ •• :r.~ 15.7~ • 
• ii:ni::;t; -l•J.J 1,57! :111:• -'J•L -1:.1 ... :. 4, 5(:": :7. ~· . • 
• • 
• T•jf;:i,, ~..J·~·(· l·\~·. S:•J7. ~=.i. ..... l(.,i. •)(··. 1"S.·•.'1) 1.: ..... (..,~,7 • !-4.~··. • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

22. The first problea 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 comunications protocol which will 
allow aany aacbines to comaunicate 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 im sed a 
de facto standard with it• Manufacturing Automation Protocol MAP • Taken 
over by the aajor producers of local networks such as t;agerman-Bass Inc. 
this protocol will probably dominate the market in the nineties at the 
expense of the LAN• derived from the informatics industry such as Ethernet 
(Figure V-16), and could account for 781 of the applications. The success 
of this protocol is due to the fact that lt depends on the Open Systems 
Interconnection (OSI) standard• approved by the Internatioal Standards 
Organization. In the United States this market should reach 
US$ 500 million in 1990 with an annual rate of growth of 30~. 

• 

• 
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Figure V-16 
CHANGES IN THE INDUSTRIAL LAN MAllET BY !IARJ.ET SEGMENTS 
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23. One of the most prOllising segments of the automatic aarket is that 
of Computer Aided Design and Co!puter Aided Manufacture (CAD/CAM) and the 
vork stations which are linked vith these activities. Very dependent on 
business cycles ~his .. rtet should grov by 121 in 1988. But industry is 
subject to an unprecedented consolidation, aany firas being bought up or 
disappearing. Thus in the United States MEHTOR Graphics has merged vith 
CAEDEIT Corp. and IITEGRATED Measurement Systems, whilst TERADYRE has 
bought AIDA Corp. The most spectacular rapprochement remains the 201 
shareholding taken out by ATr in SUN Microsystems: these tvo firas are 
cooperating in developing a nev RISC microprocessor (cf. V.6) and enlarging 
its applications under UlllX (cf. V.4). Simultaneous vith and contributing 
towards these restructuring• are the raging price vars. In the United 
States vork stations at the bottom of the range vere being sold at OS$ 5000 
in March 1988 as against US$ 40,000 in 1985. Furthermore conventional 
work stations are nov meeting competitidn frOll the 32-bit PCs built round 
the 80386 aicroproceHor: these latter can run under UllIX. But the 
market remains lively. The global turnover of North .American constructors 
vas US$ 4.9 billion in 1988 for CAD/CAM systems in general and 
US$ 2.9b (60%) for vork stations alone. Its growth in the coming years 
vill be between 151 and 20% (Figure V-17). 
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Figure V-17 
WORLD SALES OF CAD/CAM SYSTEMS FROM 

NORTH AMERICAN PRODUCERS 

----- ·----< 8$ 
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Source : DarAlt:ch Inc. 
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6. KASS CONSUMER ELECTRONICS : THE LAST GASP? 

24. More than half of the electronics products sold to the public in 
1986 did not even exist ten years earlier: video-recorders, laser discs, 
personal computers and electronic watches. The aoveaent will continue, 
but aost of the industrialists in the sector believe that introductions of 
radically different products are likely to be less nuaerous in the 
nineties. Essentially it will be a case of the existing or announced 
products being reduced in size and falling in price. The problea will be 
one of aaintaining the interest of the consuaer in these improved products: 
this is why analysts forecast a reduction in the aargins of the industry. 

25. Price vars run the risk of penalising the growth of the aarket, and 
the BEP statistics show a world MCE aarket of US$ 45.2 billions in 1987 and 
US$ 47.lb in 1990, an annual increase in value of 1.41. Mass consuaer 
electronics will thus fall froa 111 of the world electronic• market to 9.51 
in 1990 (Figure V-18), with a downward aoveaent in tenas of relative value 
which began after the Second World War. However aajor modifications in 
the structure of the MCE market are forecast with High Definition TV, laser 
discs or the introduction of electronics coaponents into domestic 
electrical appliances. 

Figure V-18 
FORECASTS FOR THE WORLD MCE MAHET (US$ billions) 
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Table V-8 : THE MCE MARKET IN THE MAJOR INDUSTRIALISED 
COUNTRIES BETWEEN 1974 AND 1984 (US$ millians) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Hllllons de dollars 1984 (%) 1979 l") 1974 (") 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Etats Unls Tot.al 19190,6 100,0" 11848,8 100.0S 6908,2 100, OS 
• TV 5684.1 29,SS 4091,3 34, SS 3378,6 A8,9" 
• Hagn~t.oscopes 2789.S 14,5" 477,7 4. O'l 5 O, l'l 
• Radios 2646.A 13,8S 9S6,3 e. ls &69,S lZ.6" 
• Phonographes 628.1 3.3'l 725 t>.l'l 319,6 4. 61' 
• Hagnet.ophones 593.4 3. l S 778 6,6S 700.7 10, 1 'l 

• Hl-Fl 1864,6 9.7'l 90S 7.6s 542,S 7. 91' 

• Video C>lsK Player 119,4 0,6S o.o" O,O'l 
• Horlogerle 767.6 4,0'l 639 S.4'l 115 1, 7'l 

• Auttes 4097,S 21. 4'l 3276,5 27. 7" 977.3 lA,l'l 

• 
• Europe Tot.al 15822.9 100,0" 13025.6 100.0'l 6222 100,0'l 

• TV _5236.1 33. 1 'l 6533.7 S0.21' 3830.3 61. 6'l 
• Hagnetoscopes ~260.7 20.61' 437 3,4% 23,8 0,4'l 

• Radios 2168.8 13,71' 2053,1 15.81' 928.4 14. 9'l 
• Phonographes 317.7 2.0'l 518,2 4, Os 355,8 5·'" 
• Hagnetophones 750,4 4.7'l 648.7 5,0'l 517,6 8,31' 

• Hl-Fl Z250,6 l4,2'l 1715,4 13.2'l 535.8 8.6'l 
• Video DisK Player 114, l 0.71' 0,0" O,O'l 

• Horlogerle 563,5 3,6" 512.3 3,9'l O.O'l 
• Autres 1160. 8 7,3'l 607,2 4. 7'l 30,3 O,S'l 

• 
• Japon Total 11219.3 100,0'l 6903,9 100.0'l 4136.9 100,0'l 

• TV 2387,l 21.31' 2335,5 33,8'l 1666,6 40,3" 

• Hagn6toscopes 2469.2 Z2,0'l 515,1 7,5" 55 1,3" 
tt Radlos 732,1 6.5" 949,1 13,7'l 572, 1 13,8'l 
tt Phonographes 23,6 0,2" 185,3 2,7" 376,3 9, l'l 

• Hagnetophones 843,2 7,S'l 706,5 10.2" 439,7 10,6'l 
tt Hl-Ff 824.1 7,31' 784,1 11. 4'l 332,7 8,0'l 
tt Video DisK Player 91,5 0,8" 0,0% O,O'l 

• Horlogerie 965,5 8,6" 563,4 8,2" 70 l, 7'l 
tt Autres 2883 25,7" 864,9 12,5'l 624,5 lS, 1" 
tt 

• Grand Total 46232,8 100,0" 31778,3 100,0" 17267,l 100,0'l 
• TV 13307,3 28,B'l 12960,S 40,8" 0875,5 51, 4" 

* ttagnetoscopes 8519,4 18,4" 1429,8 4, 5" 83,8 0,5" 
• Radios 5547,3 12,0'l 3958,5 12,5" 2370 13,7" 

• Phonographes 969,4 2, l'l 1428. 5 4,5" 1051, 7 6. 1" 
• ttagnetophones 2187 4,7" 2133,2 6,7" 1658 9,6" 
• Hi-Fi 4939.5 10,7'l 3404,S 10,7'l 1411 8,2" 
• Video [1f.s1': ~layer 325 0,7" 0 0,0'l 0 0,0" 
ti Horlogerie 2296,6 S,O" 1714.7 5,4'J. 185 l, l" 
• Autres 8141,3 17,6" 4748,6 14,9" 1632,1 9.5" 

" ......................................................................... 
S.:ource : GEF:L1I C d'apres les rJ.;:,nnees d'Electronics 
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26. One of the challenges to be aet by aanufacturers is the design and 
prOllOtion of the intelligent hoae. that is to say a doeestic enviroa.ent 
vbich 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 move.en~ bas been put forward by the Rational 
Association of Homebuilders vho claia to have under construction about 1000 
intelligent houses. forecasting th•t :! l building finu will offer this 
type of product round about 1995. the siaplest solution is that which 
involves the integration of do.estic aetwor~s into new dwellings by meaos 
of the precabling technique. the cost of which varies between 21 8llcl 8% of 
that of the house; subsequently various systas of hoae infor11atics 
("da.otique") could be proposed (Diagraa v-1) • but those in the industry 
must also envisage the possibility of inserting thea into existing 
dwellings. this is why they mw1t work towards the standardisation of 
cGm111111ications protocols on the carrying currents and also on eystas not 
using rires. 

Source 

Diagraa V-1 

.... 

THE IITELLIGEIT ROllE 

. .... ..... 

la lc11rc de la F.l.E.E., n° 24. janvicr 1988, p. 3. 
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27. Evolution in the existing products vill .. inly involve video 
applications, that is to say the digitisation of TV and of video-recorders 
and cU1Corders which will becOlle saaller and lighter. the .. rtet which 
would seea to be the aost proaising is tbat of Bigb Definition TV with an 
image resolution of 1025 lines as ca.pared rith the existing 625 lines. 
The American Electronics AHociation evaluates the world .. rt.et for Bigb 
Definition TV in the nineties at 110re tbaa US$ 100 billion if traasaissioo 
equipment, integrated video-recorders, etc. are included. The stakes are 
all the greater since this .. rt.et vill exert a poverful dellalld oa the 
integrated circuits industry. lut as ia the sixties, when llorth American 
and European producers oppos~d each other when defining the world standard 
for TV, one fiuds the ~ropeaa AllC (Analog llaltiplexing of eo.pooents) in 
opposition to the J'apaaese llJSE (llaltiple Sub--llyquist Eacoding). 
eo.panies are therefore movia.g prudently when defining this proai.sing 
.. rtet, vt-"ch nevertheless d~s very coaaiderable iDftst8eats, the 
results from which are not likely to be seen for about tea years. 

28. Bev technologies for laser disc readers have relauached the growth 
of the audio-electronics .. rket. Laser units rill carry the greater part 
of this grovth, since Japanese production s~uld increase by 251 a year in 
volume and 141 in value between 1985 and 1990 (Figure V-1!1). Introduced 
in 1983 and seen as the leading innovati' ·1 in audio since the tape recorder 
ia the sixties the laser unit and subs uentl the Di ital Audio Ta 

DAT vi 11 represent a factor for the renaissance of this sel!!llt of the 
.. rt.et by encouraging the replace.ent of existing loudspeakers or 
aaplifiers. Taken overall the aarket should move towards the top of the 
range, a movement which is alreeay perceptible in the United States where 
coapanies obtaining their turnover froa this segment of the urket vere 
realising aargins of 321 in 1986, whereas these .. rgins vere only 181 to 
251 for products situated lover dovn the product range. 
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Figure Y-19 
FORECASTS or THE PRODUCTIOll or LASER DISC READERS IM JAPAll 
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29. A considerable potential .. rltet. encouraged by home informatics. is 
that for domestic electrical appliances. In fact scarcely 10% of domestic 
electrical appliances incorporate electronic components. Those in the 
industry feel that the insert.ion of ~lectronic control aechanislll! in 
refrigerators. washing .. chines or other electrical dryers is inevitable. 
llost do.est.ic electrical appliances in the industrialised countries are 
bought as replace.ents for existing appliances. This is oft.en reflected 
in the buyer moving up the range. so that products at the top of the range 
could represent. 20% of the .. rket by 1990 as against lOS today. Esti .. tes 
of the value of the electronic coapoaents in the appliances vary fro. US$ 
50 to USS 100 for a refrigerator and f roa US$ 60 to US$ 120 for a vashiag 
11aehine. This allows us to evaluate the potential for these tvo products 
alone as US$ 250a to US$ 500. in the United States of .Japan for 
refrigerators and as US$ 400-800a in the United St.ates and US$ 300-600 in 
.Japan for vashiag aachiaes. Altbougla it is •re difficult at a global 
level a lov estiaate would envisage a .. rket of the order of US$ 5 billion. 

7. Seaiconductors : the hips and the loo 

30. After 1984. when world production of seai.coaductors increased by 
50%, industrialists vere brought back to the harsh reality of an eainently 
cyclic industry (Figure V-21). After a catastrophic year in 1985 vorld 
sales recovered their upward trend ia 1987 : 

1986-87 1987-88 
United States 18.8% 11.n 
Europe 13.0% 5.5% 
.Japan 15.5% 8.4% 
Rest of world 64.2% 20.n 

VORLD 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 tovards 
a cleaning up of the aarket, the structure of vhich seeas to be tending 
tovards a restricted oligopoly and to be encouraging coepaoies to 11Ultiply 
their strategic alliances so as to share the financial and technical burden 
iaposed by the vorld aarltet. The technological paths are becoaing more 
coaplex and the future of the ... 11er f iras seeas to be seriously 
coeproaised. Rovever those of tbea vhich want to continue vill have to 
develop product niches, that is to say on this aarltet the c011plex logics 
coaponents which vill be as integrated as, for ezample, the existing 
dynamic aeaories. Furthermore they aust accept the trend towards falling 
prices, knowing that a megabit of .e110ry vhich cost US$ 200,000 in 1975 had 
come down to US$ 100 in 1985 and vould cost US$ 5 in 1995. 

• 
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Figure v-21 
BOO~ TO BILL RATIO : IITECIATED CIRCUITS 
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31. The aarket for Application Specific Integrated Circuits (ASIC) foras 
one of the product niches aentioned above. In the United States 30% of 
the nev firas in the seaiconductor industry have entered this aarket. 
Although relatively aarginal up to 1983, when it represented 8.6% of the 
world aarket for seaiconductors, the ASIC aarket has nov risen to over 13%, 
and is likely to become a quarter of the world aarket by 1992. Whether 
custo9i.sed or pre-diffused tbe ASIC .. kE it possible to reduce the cost 
price of a coaponeat very considerably by using, for ex&8ple, standard 
functions already integrated into the chip with those functions 
specifically requested by the client. llore than a hundred coapanies are 
fighting it out on this aarket, but in 1986 nine of tbea account~<! for 70% 
of the aarket. 'Ille difficulties encountered by the producers on the 
standard CO!!J!Oneats aarket have led some of thea t.o penetrate this 
profit.able sector. Coapetition has now hardened on this aarket with 
resultant reductions in prices leading to about fifteen of the saall and 
.ediua sized fitllS withdrawing frOll the aarket. As a result the 
develop11ent and engineering of COllponents has beca11e less profitable, and 
it is nov the foundry activity which allows the producers to achieve 
aargins. On the gate array aarket the Japanese groups are trying to 
aaintain low prices to increase their .. rket shares. Collpaaies can aake 
profits vith only 51 of this top of the range .. rket, but the technology in 
this segment of the .. rket is very sophisticated. The density of a top of 
the range ASIC is 25 times greater than that of other ASICs. This aeans 
that high value added circuits have 100,000 gates, whilst the remaining 5% 
have only 4000. Thus it is very difficult for s .. n and medium sized 
coapanies to obtain access to this segaent of the .. rket. 

Table V-9 FORECASTS FOR THE ASIC ~ (US$ millions) 
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32. The development of hoae informatics vill perait the develop11ent of 
the -rt.et for "mrt power" seaicooductors". These products aate it 
possible to effect, siaultaneously, logic control and pover switching. 
They can find applicatio.-. .:i1 in a large nuaber of products froa printers to 
d011estic electrical appliances and including aut0110biles. They can cover 
powers ranging frOll 1 to 1000 Watts and can have op to 400 gates for logic 
circuits. Their primary interest lies in reducing the cost ud size of 
tile equipment into which they are incorporated. One coapoaent cu operate 
u electric l .. p or it can check and identify a short-circuit and shut off 
the energy supply. Thus a single COllpoDent is sufficient betveea the 
microprocessor, which controls the diagnosis aade by the chip, and the 
engine of a vehicle. It .. kes it possible to replace about fifty 
mechuical or discrete coaponents and so also allows a reduction in 
consuaption. About forty firu supply the world aarket which vu 
esti.ated at US$ 180ll in 1986 bat which should reach US$ 650. by 1991, an 
aDllU&l increase of 291. 

33. Vith a degree of c011plexity 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 froa the 16-bit to the 32-bit microprocessor; 
secondl nev architectures are envisa in articular for vectorial 
processors cf 2. • A nev generation of microprocessors cuae out in 1~85 
with the MOTOROLA 68020 and the llTEL 80386. On this ... 11 .. rket (US$ 
450. in 1986) the giants, ll>TOROLA, llEC, 1BTEL and ZILOG, are fighting for 
the dominant position. The -rket is fairly exclusive, since the 
technology and the means for production are extreaely coaplex. 
Furthermore since 1987 new producers, such as Sun llicrosysteas and 
Intergraph, have defined a aicroprocessor using a sophisticated language. 
la this vay they have built Reduced Instruction Set Computers (RISC) which 
are COiling into conflict vith the traditional aicroprocessors, the Collplex 
Instruction Set Coaputers (CISC). In the first case the microproceHor 
incorporates a very liaited set of instructions, and these are the software 
which carry out those functions which are only used infrequently by the 
operator. la this vay one obtains microprocessors which are more powerful 
and more rapid; these naturally find applications in work stations (601) or 
in iaforaatics (151). The market prospects are encouraging and, according 
to Dataquest, it should represent 201 of the aarket for 32-bit 
aicroprocessors 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 aarket. 
However this type of equipment aakes it necessary to reaodel the software, 
which becomes even larger, consuming at the same time the central aeaJry. 
It is therefore necessary for the user to strike a balance between the 
COllpatibili ty offered by the CISC aicroprocessors or the speed of the 
Rises. 
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Figure V-22 
EXPECTED EVOLOTIOR or THE 1iORLD tWlUT FOR 32-BIT tllt:ROPROCESSORS 

ACCORDIRG TO TB!;lR PROGRAltllIRG LARGUAGE {thousands) 
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8. CONCLUSIONS 

34. This very rapid overview of the technological pathways of the 
electronics industry does not claia to be in any vay exhaustive. It shows 
that, in aany fields, the industry is subject today to intense 
restructuring dictated by the technology. such a aoveaeot aakes it very 
difficult to atteapt forecasts. However ve have gathered together in 
Aoaex A-8 those forecasts aade by consultants for the particularly dynaaic 
seg1181lts of the aarket. 'lbese data aerely aaplify the contrast which is 
~iately apparent in this industry which is subject to an incessant 
process of creative destruction. 
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CHAPTER VI 

0 B S T A C L E S A N D P 0 S S I B I L I T I E S F 0 R 
PROMOTING ELECTRONICS PRODUCTION 

I N T H E T B I R D W 0 R L D N A T I 0 N S 

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 Var before several non-industrialised 
countries becw exportere of textile products, and yet they were producing 
certain electronics products in a far shorter period of tiae, less than a 
decade in fact for soae coaponents. Today aost of the Latin American, 
Asian and North African countries are producers of electronics goods; only 
the countries of Sub-Saharan Africa fora a large group of non-producers of 
electronics goods. In fact this young industry is no sanctuary reserved 
for the 80St industrialised countries, and it is certainly possible to 
verify the fact that, above a fairly lov threshold value of the ratio of 
the 11a11ufacturing value added to the Gross Rational Product, practically 
all countries are producers. Electronics production is not therefore 
iapossible, and to seek to pr080te 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 multinational• relocate to lover wages 
currency 

1.1.1 The Nev International Division of Work 

jobs and foreign 

2. During the seventies analy.:sts believed that they could identify a 
lasting dynamic of relocation. The crisis in the countries of the North 
being reflected in a fall in the profitability of capital the largest 
companies, the multinationals (or "transnationals"), effected a aassive 
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 r. GROEBEL (1977) a nev international division of labour vas 
thus instituted, principally illustrated by what could be observed in the 
textiles and electronics industries. This nev scheae gave the 
mltinationals a doainant role to exploit to their own advantage the 
incoaes (and the markets) of the Borth and the lov wages of the South, 
leaving no space or freedom to either the r.01th 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 10% of those in their home 
territories; confronted with probleas of profitability it can be 
understood why they examined the iaaediate solution which was offered to 
them: to shut their factories and to build thea further avay in quieter 
countries with no strikes or union agitators. This was the reason for the 
aultiplication of the so-called "offshore" installations, particu:arly of 
course in the highly labour-intensive industries. This was the case in 
the electronics industry, and particularly in seaiconductors: "In 1976, 
for example, semiconductor products required 54 man-years of labour per 
aillion Dollars of product, which is the highest intensity of labour in all 
Horth 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 Bong Kong in 1962 (cf Chapter 111, 1.1). By 1974 there 
were 47 American esablisbaents in operation. The Japanese bad startet! 
with sub-contracting agreements with independent firms in Korea and Bong 
~ong at the beginning of the seventies. According to our evaluations by 
1985 110re than a third of all jobs in American semiconductor firas were to 
be found "offshore": this proportion was actually more than a half in the 
case of unskilled jobs. In the same way 110re than a fifth of employees in 
Japanese electronics firms were to be found outside Japan (this inc lodes 
their subsidiaries in the United States and in Europe). This very marked 
aoveaent 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 

5. In the United States their relations with Me7·~o 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 · .JVerted and re-rxported Horth 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 prograDDe 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-iaaigrant 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; up to 1973 at least 50% of the capital in 
these was Mexican. The rapid growth of the electronics industry led to 
the utilisation of this zone of activities for certain steps in the proce9s 
of production, for example the assembling of the components or of 
television receivers so as to meet Japanese competition. This was 
facilitated both b the Mexican le islation on the zone and also b the 
Horth 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 wu itself copied from the zones of South-East Asia 
already used by Araerican and Japanese firms. 

• 
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b. In the field of semiconductors (cf Table Vl-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 Vorld countries 
which are competitive on the American semiconductr-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 15% and then the 
Philippines appeared with 8%. In 1982 ltexico and Malaysia were at the 
same level, the Philippines had risen to 18%, whilst Korea and Singapore 
bad fallen back to 10% and 17% respectively. If we take into account the 
very large increase in the value of imports, for example those from ltexico, 
whilst imports bad fallen they had not collapsed: frOll US% 36 million in 
1971 it bad risen to US$ 72m by 1978 and US$ 185• 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 froa those passing through these zones and, as far astbe rest 
of its industry is concerned, the dOllination of the Borth American 
multinationals is -patently obvious. This is also the case, it would seem, 
in Singapore, Malaysia or Taiwan where the percentage of jobs in the 
electronics industry attributable to American or Japanese fir1ls is, 
respectively, 90%, 63% and 45%. The strategies of the firms also seea to 
have been accompanied by the encouragement given by tariffs and free zones • 
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Table Vl-1 : NORTH AltERICAN TRADING IN SEMICONDUCTORS 
AND TARIFFS 806.30 and 807.00 (1966-1983) 

Vl-1.1. Global evolution (1966-1983) 

I ,_ -- T_,U$ DlllP ..,., -· .,,...,.... ........ - ...,.... . ...,.... ..,.,, ,_., ,_., ,_., ,__., ,_., ......... 
,,,_ __ 

r- - ...., _., - ,..,...., , ......... ofSCO. 
--- ·----
1966 JI .... '° 92 .... . .. .... 
19'7 )6 .... '° l~ .... La. 100.0 
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l'flU 127 160 161 ts 161 21 tsl 
1971 1)0 111 Ill ts ''° 14 •u 
1912 162 254 l2'f ll 2ll • .... 
l'f7l m 41) 611 .. 44'1 61 tl.4 
lt74 l46 614 ti) l2 ... 54 t9.4 
197S )12 611 1112 ll MIS -12 102.G 

l'f76 SS6 lll9 1.8'1 IO '°' so ,.., 
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l'f79 I.IS? 1.916 2.427 lt U67 )I 14.I 
19111 2.4SI UOll ).)26 lS l.16) 22 t0.7 .... 2.7'11 Ull ).SS) ., ).Ill I) '°' ... ~ ).IOI> J.l)I 4,.121 16 UIO I) IU 
I'll} l.J61 ).JIJ 4.111 69 J.726 6 .., .. 

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) 

,._, 
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(a) . 807 only for 1969-1971 . 
* - less than 1 % 

Data extracted from J. GRUNWALD ant:S K.FLAMM, The Brookir.gs Institute, 
Washington, pp,74-75 (1985). 
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7. The relocation movement of the aultinationals mainly concerned the 
United States, Japan and a score of countries in the South. Europe was 
not entirely absent and, within the fraaevorlt of the EEC, a passive 
advantage tariff vas iapleaented, siailar to the North Aaerican system even 
if it involved a lover level of custoes relief (cf. BERTHOKIEU, 1985). 
However this systea is 1111ch less used than that of the United States. Of 
iaports froa the developing countries only 131 of those entering France and 
221 of those entering Vest Geraany coae under this ta:-iff. France and 
Vest Geraany in particular operate it for fev products and countries, 
although electrical and electronic appliances occupy a relatively iaportant 
place in those countries (cf. Figure Vl-2). For the South-East Asian 
countries this trading under the passive advantage tariff represents only a 
very saall part of their exports to France (less than 51), including those 
froa the Philippines (5.121), even if in the electronics industry this 
percentage is high (341; see Table Vl-3). The figures are slightly 
higher in the case of Geraany but remain aodest (less than 81, except for 
Singapore where 110re than 171 of all exports to Vest Ger11a11y coae under the 
passive advantage regime). Table Vl-3 shows all these data and also aaltes 
it possible to appreciate the overall position cf the trade balance of 
France and Vest Geraany in relation to these countries. Whilst for 
Morocco and Tunisia, which represent aore than half the French iaports 
under this regime, French exports are aore than six times larger than the 
imports from these countries, the saae does not apply in the case of Asian 
countries. In the case of this group of countries total French imports 
are three tiaes larger than exports. The situation of Vest Geraany 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 tiaes as auch, in thi.s field 
and under the passive advantage system, as France, and for all tr.1ding in 
this sector it exports four times as much as France. Obviously these 
respective positions, and more generally those of Europe, vhen compared 
with the Borth American and Japanese positions, result from two intimately 
linked factors: the place of these States and their firms in the dynamic 
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 redeplof!!nt vas, 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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1.2. Intensification of the recourse to electronics products: 
to purchase or to .. nufacture? 

1.2. l The spontaneously increasing coosuaptioo of electronics eats into 
foreign currency 

9. It is possible to see in pareicular three fields with a growing 
COD!!!J)tion of electronics goods which, when there is no local production, 
are therefore illported and very rapidly exert a considerable weight on the 
balance of paY!!DU. these fields are television receivers, 
teleca-mications eguip!!!t and coaputers. those countries with a not 
unillportant and growing da.estic •rket are therefore led to aslt the 
question: is it necessary to purchase and be satisfied to remain a user, 
or is it not ti.lie to produce? 

10. Whilst during the fifties the phenomena of television broadcasting 
and, 80re brnadlj, that of interactive telecCMmUUications remained 
relatively liaited, even in the industrialised countries, t:hey have nov 
becoae largely planet:ary. Gradually all t:he countries of t:he globe have 
installed a t:elevision broaclcast:ing systea, today often connected in real 
or deferred ti.ae to international broadcasts: siailarly aut011&tic 
telephone exchanges have been installed in all the capitals and luae tovns 
of t:he whole world, with which it is poHible t:o converse directly. In 
1950 television vas rare, even in the industrialised countries; nov at: a 
t:iae of seeing global events, and with satellite retransaissioo which avoid 
t:he cost of radio net:vorlts, t:elevision sets are becoming generalised at 
lower levels of real incomes, the aore so since the price of sets has been 
considerably reduced. Table VI-4 shows the very considerable increase in 
the level of eguie-ent for all the major zones of the world between 1965 
and 1982 together wit:h some specific data for certain countries. We can 
see for exaaple that for South .America the rate has risen fro• 19 
t:elevision sets for 1000 inhabitants in 1965 to 203 sets by 1987. Even if 
they have not been entirel1 .. nufactured locally a high proportion of these 
.!!!!. have been at least assembled in South .American countries. 

11. Television sets, and also caHette-radios, digital watches, 
calculators, games and even hi-fi and tape recorders, proliferate 
everywhere as soon as the fields are opened up, whilst smuggling and fr~ud 
are, in general, very si(.Dificant. In all countries where a not 
unimportant proportion of the population are able to feed theaselves one 
can see a frenzy of conauaption in leisure electronics. ID the past 
photographs of an abundance of television sets in soae shanty tovn1 see11ed 
somehow a1tooi1hing, but thi• is no longer so today. Only a few countrie• 
have so far resisted the change from black and white television to colour. 
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Table Vl-4 : EVOLUTION OF THE RATE or EQUIPKEMT 
VITH TELEVISION RECEIVERS (per 1000 inhabitants) 

i 1965 1975 

Nrim l.S 6 
Ant&lut •1 Ng 2S4 Q 

U.S.A. 310 581 
Ca ... 779 Q 
Maiquc 28 87 

Amfrimg n Sud }Q l 66 
Ask 10 I 16 

Japon U10 2.18 
Chine 

. 
0 l 1 

lade 0 0.5 
Cortc(Sud) 1 36 

Europe 116 293 
fat 86 202 
Oucst 138 319 

Qcfanic 116 254 
U.R.S.S. 80 264 

mm: Annuaire slalistique de l'UNESCO. New-York. 1984 (d. Annexe q. 

1982 

17 

4.58 

6.S2 

471 

111 

203 

S3 
818 

6 

3 

120 

428 

231 

486 

302 
368 

12. Whilst the consuaption of .. ss cons1111er electronics goods lies in the 
hands of private individuals the public authorities can obviously liait its 
grovth by restrictions on imports and by customs duties. However since in 
aost cases they have a aono ol on television broadcastin as soon as they 
install a systea (generally in the capital they have started on a process 
of progressive access to the largest number vho can receive these 
broadcasts. Public authorities are further encouraged to do this by ~he 
fact that it is generally recognised that television is not simply a means 
of information and co..mnication but is also a means of imposing beliefs 
vbich gover1111ents 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 vith a teleco..unications infrastructure linked to the rest 
of the vorld. This seems to reinforce national unity, sometimes not very 
firmly bonded, by allowing inter-person coaaunication between different 
parts of the country. It. also facilitates the conduct of business and, 
aore 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 aost efficacious means, vhich involves 
satellites. Whilst terrestrial installations remain relatively costly 
links via satellites are constantly becoming cheaper. When countries are 
vast and the needs for telecomaunications 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 
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cases even to calling on a foreign enterprise to organise the 
teleco...unications services. 

14. Until now the need to communicate by telephone seeas 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 
•st of the non-industrialised c'luntries have launched very aabitious 
equip!!Dt plans. This opens up very large aarltet prospects for 
telecommmications equipment and for subscribers' terainals in the Third 
World countries. 

15. Prudent public adainistrations have needed censuses since the 
beginning of ti11e, involviog processing siaple data. With the developaent 
of the needs of adainistrative aanageaent, including the iapleaentation of 
"strategies", there are vaster quantities of inforaation to be processed, 
froa political administration to social and econ09ic adainistration, and so 
the State bas recourse to the electronics infrastructure of information 
processing so as to affira and confira its national autonomy. 
Adainistrations in the Third World are not exeapt froa this rule and are 
even encouraged to undertake inforaation processing. The various 
international organisations wish to obtain froa each of the countries of 
the South extensive and reliable inforaation to rationalise their actions, 
in particular in favour of econoaic and social development. To this end 
they iapose "inforaatisation", even offering aissions froa experts and 
various facilities so that the local public adainistrations can have 
computers with which to process the data froaa population, agricultural, 
industrial, health and other surveys. The IMF and UNCTAD are particularly 
interested in facilitating the collection and aanagement through 
informatics of customs and fiscal statistics. To this end UNCTAD bas 
developed the ASYCUDA system (cf. Rote VI-6). The United Rations 
organisations and the International Bureau for lnforaatics (IBI) offer 
technical assistance in developing the employment of informatics in 
adainistrations. 
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Figure Vl-5 : RELATIONSHIP BETWEEN THE NUMBER OF TELEPHONES 
PER 1000 INHABITANTS ARD tHE PER CAPITA GDP 

(in US Dollars) FOR 1978 
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Rote Vl-6 UNCTAD's ASYCUDA SYSTEM 

I..c Systimc automaliquc tk soi.sic. di cOlllrOlc d de gation du d.onntts 

tlu.ianilrn (.ASYCUDA) a hi oil d mis 1111 point par dcs opcrts « "1 CNUCED 

pour ltrr utilisl IM di/lfbmla tnani.ba dons un br«ou des doutlMs llinsi qu•.a 
suviccs dou~ ccnlnll.&X. u qstbM /OllCliannc sur un ~ copoblc « 
T«t\W dt".f uttn.Sions. notammml pow CC qui COllCOM la mbnoW d ~ notrtM M 

postr.s tk lnlVOil cl iM conununication. II pcrll fonctionMT tk fll(on tllll~ OU 

S• 111.S le controk d"un onlinalcUrc~. 

Rlcmunotl. le logicicl ASYCUDA 11 Ill adapti par da apats de la 

CNUCED/CEAO pour~ d'opds du codifications cl da doaunDrls doullllien 

normolisis, 111 coll«te.111 JOisU cl k c""'10lc du informations donl onl be.Join ks pays 

mcmbres tk la CE.AO pour calculu ks compcnsations d ilablir da statistiqua 
commDCialcs. La tlroits tk douonc ~ sur lcs lchanga ou uin de la CE.AO 

alimmtcnl un fonds commun deslinl d indemniscr ks pays imponolcun qui onl 

nlgocii des tlroits infirieurs sur des ""'1'CluuulisCS. cl ccla pour ks Mia tiers de la 

di/fl~ncc enlTC cu tau.r in/hicun cl lcs tau.r pleins. 

Complc tmu des obligations mutuclla da monbrcs de la conununautl, k 

systbnc peul tnJitcr toutcs lu donnlcs notionolu, scion ks aigr:nccs de choquc pays. 
u systhnc assure oussi une homogbttill da infonnations. de satle quc la 

communautl clle-mimc cl scs pays mcmbru individucls puissmt itTe assurh de 

l'aacticutk cl de l'authcnticiti des donnics collccllcs. So fkxihilitl pcnnct oussi la 

misc en place tk pmctdurt's splcifiqucs d lo tkl11onde de la communauti. 

~: Finances cl D~cloppcment, scpecmhrc 1985, p. 47. 

16. As in the case of the ~CUDA system informatics projects have today 
11e>ved on to aicroc<>11puters. According to the Statistical Office of the 
United Rations the aicrocomputer is the tool which is increasingly being 
proposed to goverDll8nts to help thee iapleaent and process their censuses, 
and this tool gives satisfaction (statement by G. SADOWSJ:Y 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 b of imperfect quality, microcomputers are auch 
less expensive and, in particular, auch more robust than the general run of 
computers. These qualities allow them to proliferate not only in public 
administration but also in the private sector for sales or accounts 
aanagement. Here again it is an item of expenditure which ha1 increased 
considerably wherever importing is pos1ible, particularly since the world
wide expansion of the standard IBM-PC or its clones. 

18. Mau consumer electronic• with television set1, telecommunications 
equipment, informatics equipment and, principally, the microcomputers thus 
con1titute three items of rapidly increasing consumption which can lead to 
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very severe bae110rrbages of foreign currency if it is not possible to 
produce the• locally. 

19. Furtheraore, and faced vith the question as to vhether one should buy 
or aake, it bas to be asked if it is effectively possible to be a good user 
without being a producer. The question is not crucial in t'e case of aass 
consuaer electronics, at least up to the present ti.ae when its pilot 
product, the television set, can still be repaired by technicians who 
i.llport and replace the defective components. One can alaost say the same 
today about aicroc9uters. But it is very different in the cas~ of 
teleco.aunications equipment and large informatics systeas. 

ZO. More generally in the case of inforaatics equient the problea of 
good usage is 80re delicate. With general equipment there is extreaely 
frequent under-utilisation and very inadequate aaintenaoce which aeans that 
a nuaber of coeputers reaain inoperative for long periods, principally in 
adainistrations aod universities. Vithiu a central adlli.nistration it is 
not unusual to find aany disparate iteas of equip11ent which aake any effort 
towards rationalisation of uintenance very difficult. Many countries 
have nevertheless been t•pted to achieve rationalisation, and this has 
also been done at regional level as in Latin America with the first Latin
.American conference of govenmen~al authorities on inforutics (I.ALAI). 
This involves at least iaplementing a coherent buying policy and the 
harmonisation of services. The future of intelligent adlli.nistration 
buildings can only reinforce the question of the dependence of the 
adlli.nistration on a private and foreign informatics systea. Inasfar as 
production is extreaely difficult aodular solutions with operation vhich 
can be disconnected froa a central coaputer and the local utilisation of a 
large number of aicrocoeputers represent sub-optiaal situations in regard 
to sovereignty and security. It further reinforces the encouragement to 
proaote the unufacture of aicrocomputers. ~ 

21. Whether one aanufactures or not utilisation cannot be undertaken in 4 
satisfactory manner without the possession of ainiaal technical and indus
trial ltnov-hov. In the absence of productive activities this ltnov-hov is 
only available at an academic level or by expatriates. It is evidently 
necessary to regroup soae of those possessing it so as to establish one's 
ovn evaluation structure which can illuainate the decisions to be tateii';" 
even if this is done after receiving reports froa international technical 
assistance organisations or private consultancy coapanies. 

22. Even in soae countries where very advanced technical ltnov-how is 
available one can encounter probleas if public decision aakers do not 
organise their purchases in a coapletely rational aanner. C.J. RAMELIRl 
(1987) reports a case in telecommunication£. In general the markets 
involved are extremely large and the adainistrations proceed by vay of 
international calls for tenders and employ teams of consultants to study 
the replies. According to Hamelink it is difficult to understand hov 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 stuoy. 
Whether thid diagnosis is arguable or not the lesson vhich has to be drawn 
from it is the need for meticulous consul~ations and the absolute necessity 
of associating competent experts vith the deciders of policy, together with 
subsequent clear explanations of the technical and economic choices and 
their implications. 
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23. The telecoaaunications infrastructure vhich is installed cannot be 
alloved to suffer from breakdowns vhich vould be difficult to accept even 
in the case of isolated inforaatics equipment. As a consequence purchases 
of exchanges and other telecomaunications equipment aust be accompanied by 
aaintenance services and, as far as is possible, the training of local 
personnel, which is the general case. In countries having sufficient 
potential a .. jor equipment purchasing plan could be accoapanied by the 
creation of a subsidiary or a joint venture to assemble and install the 
various systeas. 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 c~rtain nuaber of 
coaponents could be envisaged. Thus the size of the domestic aarket for 
telecomunications can facilitate the growth of electronics production. 
The aaintenance and hence the efficient usage of the equipment will thus be 
obviously facilitated. 

1.2.2 An emerging wish to transform technology by vay of electronics 

24. On the one side the public powers find themselves confronted by 
increasing expe~diture which loads the balance of payments and which has to 
be rationalised for this reason and also to extract the greatest benefit, 
and for vhich 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 seventiee UBCTAD (1978) considered that 
electronics constitute a technigue which is indispensable for any 
industrialisation strategv. The ILO bas also considered the problem, 
going rather beyond the single question of employment (J. RADA, 1980) and 
UBIDO is beginning to interest itself in the problems posed by the progress 
of electronics in the process of industrialisation (UBIDO, 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 technologv" developed ri 'lei all b the industrialised 
countries. There are many options: analysts (such as F. STEWART, 19 5 
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 bas 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 utilisation under particular local 
conditions). 
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27. The UNCTAD Group of 77 has adopted a clear position within the 
Coaaittee 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 newly 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 {TD/B/C.6/L.73). On this occasion industrialisation appears 
as clearly 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 consume~ 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 also essential for 
semi-products if it is hoped that the local 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 users will not fail to obtain their supplies by importing. 
lnasfar 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. ls 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 c;>nditions it is the actual pursuit of an effective 
industrialisation strategy which makes it necessary for Third World 
countries to participate in an ~xtended manner 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 OUTLINE OF THE 
STRATEGY FOR THE TECHNOLOGICAL TRANSFORMATION 

OF' DEVELOPING COUNTRIES" 
Docuaent of the Group of 77 (TD/B/C.6/L.73~ 

D. - RtCMUCM(.D(\"EUIPPfo.t["' 0 _.,Alt()lo: TICMNO&.OGIOUE 

11. ln ... ~,ck rcllprrim« acqaiw Cit ma1iirc ck psodunion 
pn-.1rc1at d"afrcrmif la baw ltthnl'lofiquc. Ln ilft1'<'na1ioni ck 
tuhaolopic poarraim1 ilrc •• faaftlf ck p10frh. T-dois. c·as 
rnpril d"-·a1ion e1 d"in-ion qai as rilimcm -nr de '""' 
ci.aarrmcm 1cd111ol~icauc- Ln ani•iln lk rcchcrchc-cliYdoppclncnl 
da"' u11 ra~ !IOlll runr des J"incipa~ '41Urcn de cha111~ 1cchno
~iquc. Ln rars en W..-doppnnm• ~Ill ilabcwcr des sara1qin e1 
lk:- j.oli1iqun i lonf •cr-IM afi11 lk rr1tforccr kUf capaciri d"puqwm
drc dn H'liwian ck rcchcrdw~loppr...rni. en ~niculicr da11J In 
5tticun c~ du~~- A coun e1 ~~ acrrnc. ilana donni 
In rnM1Urcn linmm quc la plupan des pa,s n ~loppnncna pru
- af1cacr i en aoivi1n. k .acur u1ional ck la rcchcrchc
~lo~ ck-ni1 nmccnarcr In dfom sur des objeclifJ tlica 
ac11NJ. par cumplc radapu1ion dn aniNeonaions appor1tn aua 
•cdaniqua e1 la modcrniu1ion de la 1cchnoloJic diji en Jcrvitt. II 
wrai& nicaaairc de renrorccr k wacur ck la rcchCrcht-dCWC'loppcrnm1 
afin qu"il pui~ Jui•-rc le clivcloppnncn1des1cchnolofin naiuai11n ca 
dn 1ccliniqun ck poin1c. en ivalucr In inciclcncn ainsi quc In possi· 
bil11n d"aPJllia1ion au devcloppanc111 1cchnolo1iquc na1ional. c1 en 
facili1cr l"auimib1io11. II faudrai1 au,mcmn In rnsourcn rinanciirn 
Cl llulliaillft. 

JI. Conccrnan1 l"llabora1ion d"unr poli1iquc de rcchcrchc· 
diYCloppcm<111. u11e a11m1io11 paniculiCrc clcnail icrc accord« l 
rcriploi·••ioll err.ace dn rnullall dn ua .. ua de rcchcrchc· 
d#wcloppcmc111. A ccnc fi11. ii fau1 rc11forccr In poli1iqun Cl In mica· 
nismn qui .,;scn1 l amiliorcr In covran11 de 1cchllOlofK Cl In khan· 
in d"inform11io11 cnuc k sca:ur de la rcchcrchc-dinloppcmcn1 
(labofaioirn ck rcchctchc. ins1i1uu n uniYCJJila) c1 ks KCtcurs pro-
duaib. · • 

19. Ln cmun de rccticrdlC-dtvcloppcmcn1 du scctcur illdu11ricl 
offrcn1 de1 possibili1is de coordi11a1io11 JOVhai1ablc a nsmliclle cmrc 
In aeti,,;1n des in11iau11 de rcchcrchc cs cclks du scacur produaif. 
Dn m1arnncr11s rnftlel dnraim• isre pris visa111i1aramir dn in-cs-
1iucrncnn svflisamJ daM la r«hcrchc-cUwcloppcmcm en vuc ck 
rabsotprion. de radap&alion Cl de ramiJioracion dn techniques. 
qv"clln r.oicn1 mises au poi111 au m•nv local ou ilftponin. II faudrai1 
accorder Vllf a11c111ion paniculirrc i la prmpcc1iw 1cchnolosiquc c1 
aus ponibili1n de dicouparc cln •Pl'OflS 1ed111olo1iq11CJ. LcJ SJ'Sli· 
mn clc rcchcrchc-clrnloppnncn1 dcvrom viJn i co111ribvcr i u11 
lfansle" icchllOIClfiquc dfJOCr ck conMiuancn ck base (saYOir· 
faire) n i laciliicr de nowcava prOJris. Les or1anisma d"i•udc•. 
d·111rcnicric n d'insi11KuR<omcils -ribucfts de f11Con capi1ak i 
1ra11lorrncr In inno•·a1ions 1cch110'°'iqvn en 1cchniqvn •iabln. 

Smlr.«: CNUCED, 1986 (op.cit.) 

cJ Tn-lsllOlorin dr ,,.,.,_ 

~- L 'aPJ'lia1ioll ck •rihnolorin novY<lln doit iuc ...aiu~ i la 
fois dam In Mann lllOdcrlln n tradi•iollllch. pour ct.ploilcr ra.-an-
111rc -par••if n 11ttflircr l"indU11rialita1ion. II faUI afir sans warder 
povt •avrcr - collabora1ion dCs k aadt lk la rttllrtthc· 
di.-cforlicainu. pour faire Ct111Corckr In roi•s de .._ dn .. iliQlcws 
i> c111toth Cl de CCII• qui aavcllctnc111 """Clll av rcsMsi In lttllllOlo
rin. Unc n~a"" t:n-Tail iuc offcr1c a- cn1rcpri9n u1ionaln 
s-t In aider i ranicircr i n11c c~bkl:a1ittn. qui kur J'CUMnra cit 
nirorin dan•dc "°"nci.ce>ndi1iorou1 c1·a.:c1oi11dcut i---oi• ckdtti
Jion en ~q~1a1. su• k marchi in•etna1""'81. In i!Cmcn"· pla.s. 
inr.talla1io11' n COllna~qnc" 1rchlliqu" qur en 1rchnolorin rcquii· 
rem. Ln P'~"l en ft>·clo,.,.rmcn1 ck•••icn1 binfficicr d"un 11ailc
d1Ui1C11Cii n irecial ~van1 i l"accn au~ icchnolof~ dt poiatr sur k 
ngrchi imtr..a1ioul de en trChnolc>fin. 
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1.3. From comparative advantages to the laws of the World Industrial 
System 

1.3.1 The objective limits to vage cost advantages 

31. Analyses in terms of the Nev International Division of Labour or of 
International Redeployment depend on a classical and static approach 
through Comparative Advantages. The existence of cheap labour in the non
industrialised countries does not date from yesterday.... They have 
always had, in a general sense, the advantage of lov wage costs. Rates of 
exchange have also, in an equally general ll&Dller, always reflected this 
advantage and the cost of the labour in international currencies is clearly 
11Uch lover in the countries of the South. It is therefore an absolute 
advantage in the classical sense of the term, and this is confiraed on the 
aarket. To remain within this framework it is necessary to extend it to 
the neoclassical situation and to consider other coaponents of the cost. 
It .ay be assumed, for exaaple, 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 e'ltchange, re-establish 
equilibriUlll. The reality is totally different: there is an obvious 
industrial deficit. If therefore wage coses in internationAl currencies 
are low it is still the fact that, within the fraaework of this 
neoclassical argument in teras of Comparative Advantages, the other 
components in the cost are, in international currencies, auch higher than 
in the industrialised countries. If this reasoning is correct the 
specialisation of the countries of the South aust be found in ac ! ·;~ties 
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 lJw level. 

32. It 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. If a country wishes, in the 
long term, to increase its participation in the fruits of world expansion, 
it must raise its wage levels in international currencies. 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 then 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. How•!ver 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 
transforma .!!!!!.· 

34. The relocation of multinationals towards low wages, provided that 
these are sufficiently 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 aultinationals 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 aarkets for which the products are intended 
from the nev sites of production. 

35. Obviously since the end of the seventies the development of aicro
electronics is directed towards an increasing automation which is 
continuing. and vill go on continuing to the point vhere the electronics 
industry will no longer be a highly labour-intensive industry. even if it 
is far frOll being this nov. It aust also be added that the iapact of 
aicro-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 aodification of the coaparative 
advantages. within the fraaevort 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 tb~n the 
international relocation aovement. under the conditions set out in 
paragraph 34. will apply to those industries which have nevly become aore 
labour-intensive. and also provided that there has been no modification of 
the other components in the overall cost. 

36. The wage costs advantage therefore coaes up against the fact that it 
promotes not any particular industry but those industries which are aost 
labour-intensive. If the electrc,nics industry is a high technology 
industry. relatively less labour-intensive when compared with other 
industries. it should not. according to the scheae of the multinationals' 
relocation towards lov 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 lov wages, in such a 
way that production is COllpetitive, 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 thos.! 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 labour force of engineers and 
technicians; and substantial governmer.t co1111itment to research and 
development." (UNCTC, 1986, p.440). This means in fact that electronics 
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 paragra;>h 33 above) which are necessary for 
carrying out the production of high technology electronics. 

38. ls a return to the North of those industries which had been rPlocated 
in the! South to be regarded as probable? Remaining within the strict 
framework of the classical argument in terms of Comparat.lve Advan~ages, 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 must 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 co ... ercial advantage. 

39. An empirical analysis of cases of relocation shows in effect the 
creation of dvoaaic effects which could endow the receivin w'Itii 
specific advantages. Thus for C. BERTHOMIEU 1985, op. cit. 
contracting of .. nufacture 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 vhen 
assimilating technological transfers. It is in this respect that the 
~orean industry seeas to have succeeded, where in 1984 foreign subsidiaries 
only eaployed 16% of the aanpover in the electronics industry. Finally it 
should also be noted that in the case of the data on North American iaports 
(tariff 80b-807) an analysis as detailed as that set out in Table VI-6 
above shovs 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 pr.>duct, are 
carried out locally. This indicates very clearly the skill content of the 
work carried out offshore and, as a consequence, an improvement in the 
level of local industrial competence. Such competence, relevant to a 
specific field but vhich is not only found within the relocated 
subsidiaries but is held cC1llectively, constitutes a specific advantage 
vhich goes beyond classical and neoclassical analyses in terms of 
comparative advantages. 
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40. One can give by vay of an example tvo empirical elements which 
illustrate this analysis perfectly. The first is ~aken fro~ R. 
CHAPONNIERE and R. TIBERGHIEN (UNIDO study : "The electronics 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 vith the highest wage levels which receives the largest 
nuaber of investors. As one can see this divergence bas always existed, 
wages in Singapore being traditionally the highest in Asia." The second 
takes us to Mexico and the assembly firas; we may quote the headline of a 
recent article in Electronic Business : "Robots in Mexico? AutOllation 
where aany are jo~less? Sure - US electronics firas are autoaating their 
plants south of the border. The push for high quality is just one reason 
vby." (15 February 1988, p.110). Quality and speed are good reasons for 
aut011ating, but if it is automated why continue to coae to this area? In 
this ~rticle the average structure of costs in the United States is 
evaluated as being 15% for labour, 65% for materials and 20% for general 
overheads. In Mexico the cost of labour is at least eight tiaes smaller 
than in the United States so the replacement of a few workers by an 
automatic aacbine cannot be justified in teras of costs. The machine, or 
aore generally automation, does not in fact replace workers in order to do 
the saae work; it does something that they cannot do. This is the case, 
for example, vitb the Surface Mounted Devices (SMD) technique. The 
reality is that, even within this zone which, bas 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 sbovs 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-industri8'i 
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 vas the turn 
of telecomunications • 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 Developaent 
activities increase everywhere. and also as a percentage of turnover, being 
engag~d in greater depth and calling increasingly on fundaaental research 
vork. 

43. Electronics production needs highly skilled labour and machines which 
are capable of aeeting the demands of precision and quality which can only 
be achieved when they are automatic. In many cases these .. chines are 
under nuaerical control, and it is generally necessary to have recourse to 
the development of software suited to the production to be carried out. 

44. The first two factors form an extreaely high barrier to entry into 
production since it consists of specific knov-hov to which access is 
difficult and also of academic training which then has to be suppleaented 
by experience in the laboratories and workshops of operational plants. 
The system of technical evolution is also so rapid that this knov-how is of 
a highly evolving and cumulative nature, so constantly raisi~g 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 production 
which are imposed by the need to make them orofitable, constitute a 
considerable technico-financial and commercial bar·•4r. In most ~ases the 
electronics industry is very capital-intensive and must be assured of a 
very large market. For any given country, vhere 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 
the5e involve telephone terminals or components. 

47. Finally this field is an extremely desirable one. A real 
"technological var" 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 
which 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 fro'!l 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 insertiJn by vay of assembling or 
copying 

49. Sheltered on a protected domestic aarltet it is certainly possible. 
with a delay of some years, to proceed to local production after dissecting 
and copying aany electconics products. In a large number of countries 
having soae 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 coaponents on the international market and to produce thea at 
a cost which is lover than the price of the iaported product (with higher 
or lover taxes). 

50. The electronics assP.llbling industry reaains possible, even with 
autoaation at a high level, within the fraaevork of sub-contracting as OEM 
or as second source, provided that the necessary equipaent and compo~ents 
can be iaported and that there is an adeguate domestic market. 

51. For countries which already have some technico-industrial competence 
the efforts being made by certain actors in world industry in regard to 
international standardisation aay, fro• certain aspects, present a 
favourable character. Standardisation does allow some technical trans
parency, increases the size of aarltets and raises competition. The 
standard compatible PC has allowed a nuaber of countries to start 
production of microcomputers, something which would not have been thinkable 
in another situation. The ISO, RBIS and other standards can play the same 
role. From another side national specifications for this or that item of 
equipment can shelter local industry fro• exterior competition and allow 
the development of know-hov without being i-ediately 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 stratep for entry into electronics in the more or less 
imaediate future. 

2. TOWARDS AN INDUSTRIAL STRATEGY FOR ENTRY INTO ELECTRONICS 

2.1. What point(s) of entry? 

2.1.1 A critical examination of simplistic responses : softwares 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. In fact relatively skilled, and s01Detiaes very skilled, aanpower does 
exist in practically all Third World countries, and whilst it is always 
cheaper manpower than that of the industrialised countries it is not 
abundant. Furtheraore 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 
co~siderable resources of highly skilled manpower can only expect, despite 
aabitious objectives, very aodest 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 aicrocomputer can achieve sales of US$ 1 billion. All this is 
despite the fact that electronics is one of the many 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 one or another of the North 
American or European firas, 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 vay of dependence on a world leader, is necessary 
since in the production of software the barriers against entry are very 
significant. Hardware knov-how is essential for keeping abreast of the 
frenetic rate of technical progress in basic software. In regard to 
applications software other serious barriers are rais'!d in respect of 
credibility, a reputation for customised software, publicity and 
distribution channels. 

58. In 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 firas 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 publicity and 
consequently demands a very considerable market. 

59. Thus to enter electronics through software would seem to be a 
difficult option. If 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" option. 
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60. Another option which is proposed for entry into electronics is the 
production of high technology integrated circuits. Since it would appea; 
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 swas that need to be invested 
!!'lain considerable, and the levels of training to be achieved are very 
high (cf. O. MAHCK, 1987). In the European countries there are only a 
liaited number of teaas vbicb 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 unrealistic. Interaction between these two 
activities bas to becoae 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 interconnection 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 IV), 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 carriei 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 veight 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, vith the ambition of future mastery, this 
requirement of focalisation. 

67. Siaultaneously this focalisation raises the requirement of 
articulation. That is to say the chosen entry activity will gradually 
extend its advantages to one of the nuaerous linkages in the inter
connections which characterise the whole of the electronics co•plex. In 
particular, and as soon as one begins to master the initially focalised 
production, the production of certain of its coaponents or constituent 
parts will be found to be perfectly justified and feasable while to produce 
a aore complete assembly could pose problems by reason of another 
requireaent, that of its level of COlllplexity. 

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 •astery at this point it is 
first of all necessary to be capable of i•plementing st3te-of-the-art 
production techniques: to acquire the equipments and to c011111ission them. 
Then, and after the ca abilit to utilise the roduction techni ue it is 
necessary to pass from technique to technology cf. Chapter I, 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 iaproveaaents in various aspects of these processes or to 
aodify the product in soaae way so as to meet the wishes of certain clients 
or changes in the demand. This third step shovs true technological 
aastery and may take a longer or shorter time; in an industry vbere 
progress is rapid this may mean in fact several generations of products. 

69. Progressive aastery of tf field of entry shows the obvious 
temptation to progress towards vertical integration, since the overall 
understanding of the process to be utilised vill be found to be improved. 
This is in fact the vay in which a number of large informatics fiJ;"ms 
arrived, a long while ago nov, at the stage of manufacturing their ovn 
integrated circuits, and it is also the way which Goldstar bas recently 
followed in Korea. Onto this choice is also grafted that of the nature of 
the resources to be utilised, and this will depend on national 
characteristics: the foraation of a large and increasingly integrated 
enterprise or specialised enterprises, the relations between then resulting 
from the market where an intermediate price vill 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 constituent 
parts of the same level of complexity may require only an easily accessible 
supplementary technico-industrial capability in order to construct a system 
which links 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, vith an agreement vith 
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 aaster circuits corresponding to 
other functions, and hence to generate a potential to aaster partially the 
production of the equipment vbich links together these different board
functions. By contrast it is perhaps, if not certainly, aore difficult to 
consider that the building of one or other integrated circuit on these 
boards could aean progress in a significant aanner towards the capacity to 
produce thea. This does not aean, on the contrary, that it is impossible 
to envisage progressing towards complexity by integration as vell 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, froa the chip to the super-large system, 
become increasingly complete. Laterally increasing complexity may 
correspond to aore sophisticated boards, at seve~~l levels, necessitating 
more sophisticated equipment: the spectr\llll 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 aastery which will 
necessaril7 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 af 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 bas been able to become an important manufacturer in integrated 
circuit memories. Its world position remains somewhat backward when 
compared with American do'llination in small, medium and large informatics 
systems, fields in which Europe remains powerful as also in the case of 
teleco•unications where, once again, the power of the Jap.snese 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 (HCE) 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 •akes it possible to direct ideas 
towards this very i•portant 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 •arket television 
~and electronic chips; however although it also sells compatible 
aicrocoaputers it is today seeking to integrate a nuaber of components -
obviously all the aicrocoaputers manufactured in the Third World operate 
not only with i•ported aicroprocessors but also with nuaerous other 
coaponents. Furtheraore, and even by purchasing the components, South 
Korea cannot aanufacture super-minis, that is to say rather aore COllplex 
informatics systeas, and bas to be content with buying tbea in kit fora and 
hoping gradually, by dissecting thee, to acquire a little mastery. 
According to Kil-Naa CHUM of the Korean Advanced Institute of Science and 
Technology (ltAIST) although Korea has hundreds of computer scientists they 
are not at the present tiae capable of designing a diagnostic syste• for a 
CPU which can identify defective boards (DATAMATION, 1 June 1987, p.68-2). 
One could cite other exaaples such as atteapts by Korea, India and Brazil 
to produce telephone exchanges of a certain size. 

74. This gradation also poses the problem of the possibilities for 
aaintenance. These are directl7 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 comaents 
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." 
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Table Vl-8 : EVALUATION OF THE LEVELS OF COMPLEXITY AND 
OF \CCESSIBILITY OF ELECTRONICS PRODUCTION ACCORDING 

TO THE LEVELS OF DEVELOPMENT OF COUNTRIES 
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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 
aany 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.l Recourse to foreign technology 

76. The comissioning of any new product:.on 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 cha-cge 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 
est11blished (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 ignom1n1ous in this dependence, and 
doctrinal judgements on the matter must be expunged in the face _of 
pragmatic analysis. If 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 countr which is most technolo icall 
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 great~r 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 1.982-1983 average Japan, 
according the the OECD, h~d 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 matte it possible to target more 
effectively those operators who hold what is really indispensable and vhich 
must necessarily be acquired on the market. This also 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 ones!!f on the basis of the principal 
acquisition. 

80. It is tactics of this type which will make it possible to master a 
technology progressively and which will harmoni8e 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 for 
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, net 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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81. This tactic is not always accessible and already demands some 
technico-industrial capability so it may be necess&ry 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 merchandising 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 Dsta General (United States) and 
China which was init~ated in 19ii 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 programes 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 
Jiroportion 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 ad~~d that graduate unemployment leads a number of these 
foreign graduates to remain in the industrialised country of their 
training. Eventually progrannes 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 COOT to 
design small telephone exchanges for country areas (Electronique Hebdo, 
4 February 1988, p.5). 

83. International cooperation on a South-South regional basis is also the 
subject of numerous agreements, although the content of these remains very 
li1Dited. 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 linked 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 p:-oximity. There are certainly nume-cous 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 CoaDission for Asia and the 
Pacific, together with various organisations attached to the UH. However 
con.:rete applications remain modest. Even in Latin America, which bas 
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
sent in Latin America. And it is in this region that the UHIDO project to 
create regional networks is the most advanced. However in the most rP.cent 
version (UNIDO, 1987) the acitons of UNIDO in this matter do not indicate 
any modifications as compared with the previous versions: it 11111st 
therefore be concluded that projects of this type are difficult to ~evelop. 

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. In 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 t6ctical choices 
which are associated with this search for a level 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 re~ourse to foreign technology. However it is 
preferable, eveu for a l!limple 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' pr'ltection, to impose iL on local users (national or foreign). 
Such standards can only be temporary if the stages for reaching the 
required level are clearly defined. 

87. This tactic poses the specific problem of the choice of the operators 
~d, where necessary, their numb~r. Small firms, an existing or potential 
division of a large firm, an existing or future enterpdse in the public 
sector •••• the choice here will obviously depend on the specific local 
context, but in particular one must be guided by thi~ 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 technicd mastery sometimes seems to be more accessible to large 
firms the stimulants to competitiveness seem to operate better with firMs 
of medium size, and more so in the private sector than in the public 
sector. The problem is even more complicated wh3n, for reasons of 
recourse to foreign technology, it is necessary to call on foreign 
investment or a joint venture which then excludes the small enterpri~es and 
often 1.eads to a pubiic shareholding. Each or almost every case is 
obviously a special cas~ 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 t!le forecast market fl)r the goods to be 
produced. If in the initial Stdge it is only the domestic market, of 
relatively modes~ size, which is to be supplied, then the number of 
possible operators, if scale econom;es 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 teleco11&unications whilst soae 
markets may 111Cake it possible to require foreign manufacturers to install a 
production and assembly activity for some components, from which i.t 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 unliaited 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 competitivenes!-.l!. 
demanding but essential for transmitting positive rather than negative 
effects to a unity where, as bas cften been pointed out, interconnections 
are very numer\lus. Even better this can reinforce the 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 £stablish here, rather than elsewhere, an investment on which 
it had decided foi- the purpose of supplying the regional market 
(cf. Chapter tlT, 1.Z.). It is this which explains why many investments 
have been mad~ in Singapore where wages are higher than anywhere else in 
Asia other than Japa~. 

90. Vhen 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 fonoer products. 
These are doubtful successes, without any future, and on which there is no 
point in dwelling. To export in a lasting manne:;::, possibly in a more 
autonomous manner, is much more difficult and, in particular, requires 
m.ljor 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 channel,, whi~h are rarely simple. 
Here again one finds a form of know-how whicl, demands a difficult and 
progressive apprentir.eship. 

91. In the case of each product raising it to the level of global 
competitiveness should make it possible tc achieve a not ur.important 
position on the world market, anl iu certain cases the successes are 
spectacular. One cannot close without citing the case of the Korean mass 
consumer ~lectronics industry ~hich exported goods to a value of 
US$ 3 billion in 1987 and which has today arrived at the stage of 
reloc~tion to the oost 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 
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2.3 What problems? 
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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 
basia for every country or even for every category of countries. It is 
not therefore possible to go further into thb 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 strate ies d 'industrialisation dans 1 'electroni ue" 
(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 vhich one must employ vhen ~efining a national strategy 
for entry into the electronics industry must, in particular, en~eavour to 
escape from the traditional cleavages vhi~h have been induced in the past 
by theories of development each of vhich has opposed sterile doctrinal 
objections to the other. 

94. For one theory it is a matter of opening up to the rest of the vorld, 
in some vay to the operation of the vorld 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. In order to facilitate this one 
operates on the "comparative advantages" by trying to exert pressure to 
bold down wages and to devalue the currency. 

95. For the other theory it is a matter of escaping from the domination 
exercised by the Intt:rnational Division of Labour on national economies. 
Those who do not 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 ~espect 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 standai.7d 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 
theoriP.s giving precedence to effective realities which must nevertheless 
be combined. The world industrial system consists of various world branch
systems where the world technico-industrial logic traverses the various 
.. r.onomic 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 
vhich wish to ta~e charge of this organise their own socio-economic system 
and for thew, 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 c~rtain extent their horizontal logic could very well pass 
through this. 
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Table VI-10 : THE ORTHOGONALITY OF THE WORLD INDUSTRIAL SYSTEM 
AND THE NATIONAL Sor.IO-ECONOMIC SYSTEMS 
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~: M. HUMBERT, Rcwe Tacrs-Moudc, •ta socitHJynommique ind•Jstrialisunte•, Sl"ptcmbrc 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 articulation. 

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 systea 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, aod 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 national system and to be found therefore, 
by its nature, to be a social strategy. It is necessary, and this is a 
particularly delicate poir.t, that it engages with an endogenous social 
dynamic. It is this which leads to industrialisation, not the electronics. 

101. With the electronics industry playing au essential role in the 
functioning of the world industrial syste~ the strategy for 
industrialisation, which must reduce the orthogonality of the logics by 
placing the local production apparatus ~ore 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 is 
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 electronics 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
~ions, the difficult manage~ent of which falls into the fields of 
disciplines other than ours. However enth~alling these may be we will not 
say anything more concerning them. 
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Annex 3 

Table A.l - 1986 production (US$ aillions) 
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Annex 4 

Table A.2 - 1986 production as % of TOTAL 

F~ICN l~!lb m Info. an.u.Contr. ftilit. Tele Ndic. Indust. E6P emu. Colp. TOT"1.. 
Instr. ec.a. am. Pass. id. 

Alll!lligne Fi!der~le 7,03'% 5,091 10, 961 2,041 1,211 7,llt 9,361 5,411 6,881 3,tn 6,l&I 
Benelux o,m o.1s: 0,611 O,ln 1,381 o,m 0,641 0,92% o,m o,m o.~ 

Dineurk 0,121 0,161 0,89l 0,251 0,231 1,511 0,241 0,201 0,361 0,011 0,291 
Esoigne 1,on 0.101 0,191 o,m l,3£1 0,3-\l 0,5'lZ 0,941 0,4£1 0.231 o.b51 
Frinee 4,301 o,m l,711 6,0SI 7,531 :,ot44 5,791 l,1131 3,691 2.m 4,191 
lrelanae l,741 0,181 o,451 0,09% 0,411 0,191 0,431 0,051 0,11: o,m 0.1& 
Itilie 3,m 1,47% 2,611 l,841 3.89l 2,341 l,891 l,=:il l,541 l,lSI 2,44: 
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finlMlde o,m 0,001 o,m 0,161 0,441 1),381 0,381 0,381 0,261 0,621 0,271 

Nor~~ 1),35: 0,00! o,m 0.161 1),521 0,101 0,471 0,031 0,091 0,001 o,m 
StJE4j;; O,o2l 0,191 1,171 0,051 3,081 l.C.7: 0,831 o,m 0,811 0,1~ o.~ 

Suis:x o,m o,c.sx 2,381 0,291 0,671 0,991 1,m 2,471 o,ra o,m O,SSI 
TOT~ t':lr. lkcidentile 27,64113,461 32,44117,74134,601 24,rn :s::s,341 17,on 21,m t2,481 23,C 
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Table A.3 - 1986 production as % by countries and zones 

• 

Fm.ciilll 19& m II Info. &uwu.Contr. llilit. Ttl! ~ic. Jndust. er Colo. ec.. TCT{.!. 
Instr. em... COM. hss. Act. 

Alllllil)RI! Fiderale 27,0TA. 2,951 17,431 4,791 14,251 2.681 l,S91 'l,-E 14 •. m: s.m 100.00% 
Benelux 27.7SZ 0,881 9,601 3. 962 2l, 911 1,28I I.OBI 16.0ll lS,lS: 0.361 100.001 
Daneurk 9.951 1, 97'1 ~.361 12.521 8,491 a,84: 0,86l 7,551 16.121 O,~ IOO~JOI 
Espagne 39, llt 0,531. 2,891 6,081 21, 701 1,18: O,a>I IS.661 a.Z l, i"21 100,001 
France 24,4b": 0.741 8.m 20,m t9,si: 1.3~ 0,95: •.m 11 • .i21 7,311""1 100,00: 
ire lauil! Oil, iC 1),95% 6,481 1,86% 6,441 0,621 0,60I 1>, 76I i:s. :w: 8,llI 100,00I 
ltalie 36.78l 2,li: 10.511 10,931 17,12'% 2,1n 1.oiZ 5.~I a.111: 4,9= 100.001 
hys Bis 28.301 7,02113,151 7,911 8,$4 o,62? l,o.tl 4,181 12.2~1 10.86; 100,001 
Royau. mi 29,861 l,SOl 14, 151 16,.)21 12.6.:.4 1,431 2,10! ~.:m 11,5:% s.~ 100,00: 
Total CEE ::cl,63l 2,14113,03111,414 lS,061 2,294 I ,4i'I o, 89'L 1:, 151 s.m 100,00? 

N!tr1cile 11,47? 1,001 13,2ll 1,841 18,JOl 2,?iI 1,-t.t: 21,u1: :o,93: 7,141 100,llOI 
Finlande 2b,fll"l 0,001 14.21% 8,54? 17.~ 3,:'5: 1.441: 15,41% 1:.~'"'! 0,931 lOri,00% 
t«>l"Vi!'j.! ~.m 0,00% 16,441 10.J.61 25,451 1,01:: 2.~ 1.24:: s.:YI o.w: 100,00I 
Sueae lb.511 o,1m 12,i;n 10.001 37,131 4,241 o.m 3.Sil 11.!:I 1 c· .. ,;io,. 100.001 
Suisse b,34% 2.m zr.•n 4,971 8.4ll .., . .,. . 

.... o~ 2 • .'41 :a. :34 1 •i, an 2,BSl 100,00I 
TOi~ Eur. Occidentale :a.us: 2,061 13,iil'J'l 10,98I 15,84Z "TQ'7 ,,<J ... 1,49"L 7,Sln 1::.l4t 5,S4l 100,001 

Canida 21.4ZZ 2.514 lo.on 15,201 25,m 2.51% 1, i9l c..m a,:9: 7,06; 10ii,00l 
Eta ts-this 24,48"L 4,08? 12,224 23,52% 9,541 2,b-f: 1,<~}l :.st: 10.4S: 8,50: 100.00: 
TOTAL Aleriaue du Nord 24,39% 4,w4 12, lS: 23,2n 10,un 2,637. 1,01: 3,S9: 1'i.~ e.;11 100,00I 

Japon 21,C?:;: s.im 4,:?i! 5,08% 6, 98"! 1,94% i;, 'lS~ .::. 7;z to, ~1: 14,::o: 100,001 
TOT'1l. Pays lndu~tr1alis~ :4,7~;: 3,78% 10.591 15,601 10,79'% :,40: 1.vn ?,.i:; 12.~~t 9,10: lljl),001 

t.lree du Sud 11,SQt 1,00t l,85l l,m 11,241 0.111 o.~1: 31,v:: 1c..~ 24,:st . 100,00l 
Hong Kong 17,781 4,7Cll l ,441 7,%1 8,571 0,liS7. 1,llt So,o4t 1~.?11 7, 707. 100,00I 
Sifl9iOOW' ZS,171 :,001 1,esx 0,48% 1,JOZ 0,144 0,18: !5,bil :3.191 29,991 100,001 
TailftVI 1s,:u 2,10% 1),60'% 3,194 7,941 0,30t u. 891 :o, m :a, o?L 14, m 100,001 
TOTfC. Hi1ns Giants 10,79% 2,141 1,451 2,861 7,57'1 o, 181 0,101 21.o:::t 20,92% 20,:01 100,001 

lndones1e 7,414 2,Sll s.1n 7,411 14,Slt o,oo;: 1,19"L 17,U4Z lb,!1% 27,~t 100,01)1 
rlililSie :, 134 o,m 1,ll? 3,49% 3,85'1 0.181 O, 361 10. 461 7,261 70,(12% 100.001 
PhiliO!llnK o,a1: l),sat 1.111% 2,171 4,70? O,Soi. o.m 4,92!. 5.~t: 79,i5: 100,001 
Thiilanue 9,o77. l,Cl5% 2.:m 4,9T4 l,447. o.m O, l=t :o, 781 :,141 55,11;1 100.00'4 
TOTAL ~5£;.N ihors 3in9.1 4,oe;: O, 74;: l,954 3,881 5, 191 O,Z1j~ 0, 4~7. 11, 4'i~ 7,l:.,_ M,82% 100,001 

Atrique du Sud 10,81~ 1,107. ~.a5l 5.637. 45,6'>1 2,v1% 4,03% 15,i'S! 1•),444 fJ, i1I 100,00% 
AIJ!tral 1e ~.0.34 1.151. n,:m 111,564 s2,4~: ~.01:: I, ii.: 1:, 49:; ",s;·;. 1),6:~: l•)),00% 
i:fres1 i :1.:1~~ "'\ T••• 2.zcr:. 3.m 14,n;, 1.1s::. 0, 4~~~ ::, 5q: I 7, ~~i~ a, 1:~ 1 (ii). (11)7. .;.,.,,.,,, 

inoe : , 1Q:: •),gc;·~ 1:.n:. ~.•Ji~~ jo, 77.i. •),5""· 1, i\)'l. :.:.. ::i i 1, 1::~ o.~Jt/;. !(.(l,1)ii. 

I ;rael ..... 
~.~,J., 1),~4;: 4,71% zq,507. 15.:(1/~ 17,74% :. '1b~: 1. 'i:~ 1a.-'1::. •J,641. 1''.14), (1(1/. 

TOT~ .:i•Jtr&s :~ ·-'~i: 1.sn o,e5i. a. 4~4 : s. n~: .~. l6:. 1, .~3:: ~:. io:: 14, ~~.;: ~.~1:. j1:~i,1)1);; 

TOT~ ::.a::~ -~. 59% ~.a;;. 14,511. 10, H':. ~ ..... .,, ~w,. i,•'5:~ ;11,e::: 1:.;5:~ 1r,,:~% I •JI), (h)t 
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Table A.4 - 1986 .. rkets (US$ •illions) 

• 
llRJ£S l• Uli lliG.15 S) 

(Gfo. lureal.Ccritr. llilit. Tel~ lldic. lniust. E6P c.. Colp. TOTllL 
Instr. em.a. Ciiia. Pass. llct. 

Alleuane Hdir1le 7452 ro 3401 1022 l9l2 399 JOl £4t;O 3l8t £101 24UO 
a..wlux 1237 82 374 109 515 48 32 "'° 3CS 2'll ml 
~ 5'50 66 216 100 119 26 12 li6 249 102 1616 

~ 1610 tl2 215 224 5 53 29 734 404 221 Qlj 

Fr.a 5li2 440 1427 2502 2765 264 203 Ioli 1811 13:50 17i41 
lrtlillR 632. l9 140 64 129 24 19 71 m 129 1690 
lblie 4Ct6 364 1456 IB5 l7Cl8 ~· 12:! 11~ 1010 8'iO 11971 

J>• IH I 
2169 218 662 420 512 175 62 MO 605 540 6003 

laya.lhi 6:.09 590 2373 2702 2430 205 31:5 2306 '11W1 l~ 21634 
Toul CEE 2'r.i1.1 ma 10334 8028 11666 1405 Ui95 9503 10745 7215 92306 

lutrtct.e '14 6S 264 50 248 44 ~4 240 281 78 IB 
Finlnle 513 47 178 106 188 29 2: 186 195 159 1625 

llant¥ 790 66 m 170 30fi 24 24 1112 15lu 162 343i 

Woe 910 'fl 502 414 507 124 ~ 334 576 428 3'125 
Suisse 1049 202 517 171 290 91 ~ 381 m £19 3449 
lOTllL &r. Occident.le ~ 3205 one 8lfl9 13205 lm 12l4 1(8)8 13800 BZ61 106630 

CWdl 2518 474 101.S 617 985 =·~ 117 1211 891 734 6805 
Ebts~is r,c,;.."O 9035 17920 39460 till@ 449l :1:ro 19300 '""75 15!46 186119 
TOTAL Wriaue du Nord 40038 9509 18993 «»77 19635 4738 2:J7 20511 llloo 16Gal 194984 

Jaoan 14861 1108 37'11 2348 4624 1267 -164 6615 999l lOOlO 55091 
TOT.l. Piys Inoustriilisis 68:82 13822 34802 51l64 37464 nrz l9:S m~ 46959 34361 5705 

Caret du Sud 670 79 l20 138 825 68 45 T:1 1116 r,o 4839 
llarM} Kanl} 3:1 45 50 :s4 230 7 21 41)1 :119 544 7ST2 

Si...- 741 71 264 71 68 20 :1 c fl: 269 . 2942 

Tiillin 2?8 40 135 72 401 46 42 S4 ll~l um mo 
10Tr.L lllins 6iints 1970 23S 769 335 1524 141 129 2192 3898 2690 131183 

lndanisie eo 28 70 120 180 10 22 M l~ 71 907 

llll1isie 165 16 117 IS 282 ll 11 200 751 87 1229 
Pltilippines l6 9 29 28 90 5 4 ,, 73 29 362 

lhlilandl 199 17 76 59 81 17 4 182 5 66 759 
10T.1L ASEM Chars Si119. J 480 70 292 290 633 43 41 644 511 25l mi 

Afriaut du Sud ~:? 51 144 82 452 48 4l .... 
'"'- 141 7: 1686 

Austr1l1e 186 130 Y.ll 3S9 ~ i7 44 ~~ l:a ·~ 
:;:r,o4 

wn1l l)'JI) 128 ·~ m 14'1 iJJ 45 1m ilfjrj 4q4 YM 
lnclt 

.... 
-~ :CJ ~ ·~ 

.... 
""" .. , "" ;;a lj: ~ um 

lsriil ~"'' :1 l:S 210 145 l!i'.I 15 :.s :zoo "' 14:;~ 

TOTAL ~trts ~ ~~ llil6 1015 ~~~" ~ l~ ~ IS#r4 11:• l-'~:7 

Tlj;'.:.t, :4;/., '"~ Ai679 5YJt)4 '4i9-'~ 
... , . 
"lJI .. 

....... 
:~:~.a 

....... 
~:a :.as11: ._, .. ,,,.,,.,,_ 
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Table A.5 - 1986 aarkets as % of TOTAL 

• 
lllllD6 1'86 C%J Info. ...... CO'ltr. llilit. Ttlt ll!dic. lftdust. EliP r..p. ....... 10Tll. 

IMtr. c-. am. hss. Act. 
AU. ffdirilt 7,921 s.n1 t,m 1,m 6.991 4,801 7,061 S,7l2 s.• s,m 6.211 
llllflm 1,311 C,511 1,01% 0,211 1,m 0.5111 0, 151 0,6~ 0,651 O,B O,ICX 
I• nark o.s 0.461 G,591 0.19& 0,21l 0.311 0,211l 0,411 o,4n o,m 0,421 
EtPll)lle 1,711 0,711 0.711 0,421 1,m o.w o,m 1,691 0.761 O.B l,IOI 
Frm S.1Vl J.041 J,m 4, m 6.591 l,181 4,731 3,721 l.40l l.511 4,511 
lrelnit 0,611 ... ... 0.121 O,lll 0,291 0,4C 0,16i 0,661 0,60l 0,441 
lblit • 4,341 2,51% l.951 1,671 4,071 l.261 2,8C1 2,71'1 1,901 2.m J.• 
PiysliS 2.lOl 1,501 l,IOI 0,191 1,221 2,101 l,4C 1,cn 1,141 1,411 1,551 
.,_tali t..m 4,011 t..m s.101 S.191 2,m 1,m s.11? s,m 4,061 5,511 
Tobi CEE ll,31111.lm 28,02115.151 27,11117,S 25,501 21,m £'0,19I 18.711% 23,781 

.iutridlt o,m 0,451 0,721 0,091 0,591 0,531 0,561 O,SSl o.ss: 0,201 0,49& 
fiftlnlt 0,541 o,m 0,481 0,201 0,451 0,351 0,51? o,m o,m 0,411 o,m 
llDnigt 0,841 0,461 0,60l o,m 0.731 0,291 0,561 0,37: 2,841 0,421 0,891 
Saide o,m 0,671 1,361 0,711% 1,211 1,491 o,m o,n: 1,08% l,~11 1,f)ll 
!iaisse 1,111 1,3'91 l,40l 0,3:2% 0,69l 1,091 0,841 O,llBI 0,931 0,571 0,891 
10Ti1L Eur. lkcidenblt 35,461zz.m12,m 16,86% 31,c 21,m 3.74% £4,87: 25,921 :1,m ~.m 

c.G 2,671 l,2n 2,911 1,161 2.351 2,951 2,721 2,79% 1,671 1,911 2.28% 
Ebb-GI is ~m~m~m~m~461~~~m~m~m~m 47,951 
10Ti1L Wriu du llDrd 42,Sll 65.641 Sl,SOl 75,611 46,811 56.99% 52,101 47,201 •l,SZI 41,841 50,m 

Japan 15,191 7,6Sl 10,28% 4,431 11,021 15.241 10,81% 15,L': 18.7n 16.07% 14,19% 
lOTA.. Pays llMMtri1lists 9l,18% 95,421 94,371 96,91189,32% 93.601 91,641 87,~ 8&,221 89,42: 91,891 

Carie du Sua 0,711 o,m 0,871 0,261 1,971 o,a:z: 1,051 1,66% :.101 2.231 1,m 
Hang Kan) 0.341 O,lll 0,141 0,101 o,m o,on 0,491 0,921 1,311 1,421 0,611 
SinMtar 0,191 o,m o,m O,llZ 0,161 0,241 0,491 1,121 1,151 0,701 0,761 ,, ... 0,25% 0,281 o,m 0,141 0.961 0,551 0,981 1,341 2,16% 2,661 0,'61 
lOTM. llaiftl litants 2,091 1,621 2,091 o,m l,631 1.101 l.001 5,o.tl 1.m 1,001 3,S 

lndanisi• o,oc 0119& 0,19% o,m O,G 0,121 0,511 0,471 o,m o,1m o,m 
llllaisie 0,11% 0,111 o,m 0,161 0,671 0,13% 0,26% 0,461 o,c o,m o,m 
Pllilippines 0,04% 0,061 0,081 0,051 0,211 0,061 0,091 0,141 0,141 0,081 0,091 
lhailllldt 0,211 0,12% 0,211 0,111 0,19% 0,20% 0,09% 0,424 O,lll 0.111 0,201 • 
1DfM. A5EM Chars Sing., 0,511 0,481 o,m o,s 1,511 o,m 0,951 1,481 0,961 0,661 G,141 

Afri .. ell M o,m o,m o,m 0,151 1,on 0,581 o,m o,m 0,261 0,19% O,G 
Austr1l11 a,m 0,901 0,821 0,68l 1,281 1,cm 1,02% l,lott 0,6ll o.~1 0,90% • lrffal l,lll o,m O,l61 0,441 1,761 1),72% 1,05: :,:.% I,:« I, :'91 1,301 
Inda 0,24: 0,201 0,811 0,241 l,OC O.E 1,021 1,791 I), 711 r,,78% 0,681 ,.,. ... 0,41% 6,14% O,lil 0,4'>% O,:SX 1.~7;· Ii,~! u,J!l I), .:c;: 1),:1: o,m 
TOTft. ~tm l,621 2,C 2,72 J,91: 5,5'4 4.19% 4,Cl)t o,18% ~.Siil :. T.'1 3,..n 

iOTf.L JOO,OO:l00,001100,001100,00%100,1)1)t:00,'1JW)l,1'i1i.lti/,•)}7.:00,00llf.ii),1>)7. 101'1.'14 
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Table A.6 - 1986 aarkets as % by countries and zones 

llllD£S 1'& (1J 11 Info. lurNl.f.antr. llilit. Tele lldic. lnclast. EliP Calp. ea.. TDTll. • 
Instr. ea.a. .... Pass. Act. 

Alleugne Fetltr•le 30,911 l,Ut 14,111 4,24112,161 l,Gl 1,26110,331 l:J.191 8,721 100,oot 
llnelm 38.0ll 2.521 ll,501 3.B 15.811 1,481 o. 981 a, 911 10.611 6., 791 lCI0,001 
lllwut 34,0JZ 4,CllZ ll.l71 6, 191 7,361 l,611 o, 741 10,891 15,411 6,311 100,00X 
&Np 38.951 2,611 6,652 5,Z:Z 12,971 1,241 o.m 11,121 9,m s.m lCI0,001 
Fr1nte 30,2'21 2,481 8,041 14,lOl 15.591 l,491 1,141 9,11% 10,211 7,611 lCIO,OC 
lrelnle l7.40I 1,721 1,281 l.i'II 7,631 l,m 1,1£1 4,201 20.89113.B 100,001 
lblie 34,131 3.041 12,161 7,M 14,271 2,261 l,021 9,851 8,441 7,4lZ 100,00I 
P.,s8'5 36,131 3.631 U,031 7,001 8,531 2.m l,Oll 10.661 10.GBl 9,CIOt lCI0,001 
ADJ-Oli 29,44% 2,732 10.971 12.49% U,m 0,951 1,451 10,661 12.C 7,211 lCI0,001 
Tobi CEE ll."1 2,961 ll,20% 8,70112.641 1,591 I, lr. 10.301 ll,641 7,821 100,00I 

.Utridle 31,461 :s.m ll.981 2,m ll,141 2.,Iit l,27% 12,711 14,118% 4,131 lCI0,001 
Finlande l1,sn 2,m 10,951 6,521 u,m 1,78% 1,m u,m 12,ooz 9,78Z 100,aot 
~ 22.99! 1,m 6,491 4,951 8,901 0,701 0,701 4,711 43,931 4,71: 100,001 
Wde 23,181 2.47: 12,79t 10,551 12,921 l,161 0,1141 8,511 14,68I 10,'JOI ICI0,001 
Saisse 30,41% 5,861 14, 991 4,961 8,411 2,ft41 l,041 11,051 14,291 •• ~ 100,001 
TOflL E!r. Occidl!nble 31,lll 3,011 11,27% 8,38Z 12,381 l,6'il I, 161 10, 141 12. 941 7,751. 100,001 

~ 28,401 5,32 12,10% 6,96111,lll 2,761 l,l2% 13,661 10,051 1,211 100,00: 
Ebts-Qtis 20,161 4,851 9,63; 21,20% 10,021 2,411 1.141 10,371 11,971 S.Zil 100,004 
TDT'l Allerique du Nord 20,531 4,118% ,, 741 20,m 10,011 2.431 1,151 10,521 11,88% 8,251 100,oot 

japan 26.98% 2,01% 6,al% 4,21;1 S.391 zm Ct, 841 12. 011 lS. lC 18, 191 100,ocr. 
TOT"-. P~~ Industrialises 24,7'5I 3,87I 9, 76% 14,401 10,501 2, 1111 1,10'110,034 ll,l'l 9,611 100,00I 

CorH du Sud 13,851 1,63; 6,611 2.85.'. 11,m 1,411 0,934 14,921 23.06117,691 100,M 
lblg long ll.531 1,901 2.111 2,:SZ. 9,701 0.30% o,891 16,91129,4n12,m 100,oot 
s~ 25,191 2,411 S.971 2.411 2,311 0,681 0,711 16,491 ll,68% 9,141 100,oot 
Jahr• 6,38% 1,on :J.621 1, 9ll 10, 7SL 1,m 1,1n 15,661 30,861 7J,m 100,ocr. 
TDTi1.. Mains Giants 14,191 1,691 5,541 2,411 10,981 1,02% 0,931 15,791 28,CIB1 19,381 100,ocr. 

lnOcNsit e.m 3.091 7,TZL 13.m 19,lm 1,lot 'Z.43% Zl,38l ll,561 1,m 100,00l 
llllaisit 13.431 1,301 9,52'1 6.1'1 2'2,9= 0,901 0,901 16,27t 20,91% 7.08'Z 100,00% 
Philiaoinn 9.941 'Z. 491 8,0lt 7,731 24,861 l,B I, 101 16,301 20, 1n 8,011 100,00t 
lhailanae 26.::?% 2,241 10,011 1,m l0,6n 2.241 o,m 23,981 7,641 8.70% 100,0C'l 
TOT;.a. A5EM <hen Siftl).) 14,741 2.151 e,m 8,90% 19,441 1,m 1,201 19,771 15,691 1.m 100,00't • 

Afr1aut du Suo 29,m 3,021 8.541 4,861 26,811 2,§: 2,4l'l 9,02% 8,l6l 4,m 100,001 
Australie 28,141 :.111 8,6'% lo,m 15,m 2,48% 1,261 16,64% 9,654 l,m 100,00l 
lrgil ~.m 2.541 2.631 4,66: 14,601 l,&97. •i,"1 ::.os: 15.lm 9,7'1% 100,00: 1 

lndt 8,514 1.091 11,221 4,1164 17,0ll 0,67: l.ool 29,28% 14.261 ll,25: 100.00: 
Israel ,,.., ..,T., .,,_,,,. l,47l 9,04: 14,60110,ll: ~.cc 1,05: 4,•~l 14,;tt s,:11 1CJO. l)jl 
TOTAL AuCrH Z~,711i:. Z.51: 1. ·'R!. 7. ()ffJ. t•. 2Zt 2,4:7. 1.!:t 18,7!1 1:,01t 7,IC li.ICl.oot 

TOT~ :•.~: !.T;l 9.~>l 1!.~: 10,811 ~.14: l,lll 11,l~ l~.il: 9,90: 100.(llJ: 
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Table A.7 - Trading balances (USS millions) 

iil¥1Ce CaMfrci•le Ulillians de S) 
Info. airwu.tantr. llilit. telt llllic. lndust. EliP Calp. ea.. lOTll. 

Instr. r...a. am. Pus. Act. 
• All~ Ftcrer•le -710 -92 941 171 616 269 92 -1L'9 409 -?71 196 ..... -543 -60 -134 -10 m -16 -5 lll 34 -212 -m 
~ -434 -4l 138 46 -20 112 -2 -tB -61 -98 -450 
&iMgne -641 -98 -209 -64 15 -22 -9 -m -185 -121 -1657 
France -1233 -315 " um 493 -42 -4l -810 115 -1.ri -874 
I rel.- 1037 -3 J8 -13 48 -7 -l -so 15 -i 1058 
It.lie -471 -1:u -423 189 -25 -SI 42 -634 -m -406 -2142 
hys In -678 152 31 0 -60 174 -7 -Ql 41 l2 -m 
Ray...e l)li -- -316 214 228 -121 S6 71 -1350 -678 -543 -3347 
Tot.I CEE -4581 -926 640 1519 1029 466 139 -3702 -515 -zm -1103 

Autridle -451 -45 -99 -'11 -19 -7 -6 22 -~ ll -641 
Finl.- -m -47 -25 -1.; I 6 -6 -Zl -00 -14c; -548 
llorvige -m -60 -77 -78 -80 -15 -4 -151 -1463 -16' -2549 

!:.ifde -118 -69 -"SI -34 124 28 2 -ZUI -1S6 -:m -340 
Suisse -831 -108 4'11 0 0 -1 48 6fl -119 -121 -a 
lOTtL Eur. lkciclenule -6866 -1161 829 1426 17SS m 17l -3364 -zm -l025 -12189 

~ -1365 -339 -533 201 402 -110 -5l -'82 -6') -3.54 -3483 
Et•ts-D'lis 5100 -1935 3350 1480 -2050 99 -315 -ll194 -4081 -446 -U052 
TOTll. Alerique du Mont ms -2274 2817 1681 -1648 -11 -428 -14076 -4531 -800 -15535 

JiOOll 4771 3447 L'9 2204 1627 474 210 137i17 5146 mo 344ll 
tOTrt. Piys Industri•lises 1628 -98 3675 5311 1734 940 -45 -lllSl -1718 -1075 67<11 

taree du Sud 230 -I -17S 2 55 -59 3 1708 178 1049 2990 
tb14I MnC} m 138 6 254 104 -5 30 1"27 -157 -244 1525 
SingiOOUI' 668 41 -159 -44 5 -12 -11 392 360 1410 2656 
TiiNI 739 94 -'17 Ill 105 -23 15 108l ;,n ... 2639 
lOTll. Mains &eMts 2009 272 -425 KS 269 -99 l7 4210 1?59 2ll5 '810 

lndanisie -lO -9 -~ -70 .. -10 -14 -ea -u 115 -m 
flll•isie -96 -14 -9'2 -6 -lfl -7 -l 31 -lf1 14$7 f16 
Philippines -24 -1 -1: 2 -25 0 0 9 -1 10;.a 1021 
Thailnle -125 -9 -59 -21 -70 -10 -l -23 -34 ~ 6 
TOT:I.. ASEilf Chars SillC). J -275 -33 -199 -95 -372 -'ll -20 -71 -143 300D 1771 

• Afrioue du Sud -443 -45 ·123 -51 -m -'SI -19 -66 -6' -419 -mo 
AtJStrali'! -884 -117 -152 -an -169 -53 -24 -442 -2!1) -ll: -:ms 
irtsil 100 -Q -·~ -41 20 -1 -n 49 92 -76 97 
I nae -41 -o ~9 2 -20 (I ,, 12 -!I -144 -r; 
Israel -29(1 -17 -tl2 14'> :s a> 2"J -~ -:,, 12 -l(IQ -248 
TOTfC.. .;,Jtres -·~ -193 -!~Z -IZZ -~1 · ll -4o -r'..6 -:s1 -~Ji -~ 

TOT~ 1ai;c -4: ma 54:r.' 129 .. l)'.I~ -74 148 -1'113: ~10 1•~1 

f\tste llu ~nae -l~i4 -12 -27~ -~.t~1 _ ,ic; .. -&i)! 7J -·~ ·~~ -~:.t. -1"551 
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Table A.8 - Mar':et for electronics goods (US$a) 

I'.¥~ ft 1 iir.CfllllM ._ .. ; I~ 1"'2 l~ii? am r'• 1C. ;'ill!: 

tt1t: Y·tf 
;,_ • COl'.salitllll HD l&iV ~tt .s::: llC:4 :<~I 

i'allll:!_a_, 7D 16151 ·~~ 3i4il(, 715:i Jl$4il 

~-ti lli• ltil ~ ll4e4 =~1~ ~ 

iGUl ~ l:ill: am 5iH: ··~ ·~ 
JiAI 
ilflll. c...-.t:illl B l1S l&il ·~ ~..Ci lioii:i 

hllli :·M:lllA'o, ll: :.; IZI! ~· ·~:'4i ~· 
~-ti 2W ·~ ·~ ~ 

tm AC-&~ 

lot1l ~ 1519 r• ·~·· 
~Ii£ ol\IC 

~ "llal"iftl ... , 
illl'S • t1NGM1;1cr. ~ :JI 276 ... ~ ~ ~~ .. 
iJllll f"illln..-SC ••• 41• - ~:.? l:iF...c 1.ic1 

~v.:1 5C5 541 ~ l'ili '3151 CGl4 

!c~I Ille 1m me ~:;; 1116:: ~~-=~ 

tJleu~ f1Cinl1 n~. 

~It'll Ct CClllllllUUGll i72 s.; e30 :..~ ll~! 25;; 

in<K d Rrillllll:C Ile 'Zl1 m 3&:~ i~.C1 mn 
Ccn::u11t1 m 4Ul 4i7 1161 G; '""'" r1!._ 

i"cl IU1 11'1 120 WA:) ~1 ~!~ 

;,,..,c:t 
illlll ct CCllll-Hl:llO 192 l21 2U ~I ~ lciil 
............. llllml, 2~ 442 .,. 2654 n•75 mn 
t-af¥.:s 115 z 51: E-11 m. 3-Cl& 

1:1nl •12 IOC5 1'11 ml Iii~ li:ll 

T~i"-
tilM .. allll09lillll ~ Ml 67'9 15481 251C3 lioK .. 

''"" ··..n-t 137 12145 20346 r,70 1~112 213201 

c..cuit1 a57 5S74 116'1 14115 4'1~ 15322 

lot&l ~ 21450 mot mn 1'6m mm 

flt Olallin * 11 
(htl Diii ... Wl500 1'3100 ISSIG 300Gl500 41teGO 

J~ 3'1161 51JOll J2llOJ 4'1771 1145121 1'92971 ..,, ....... 61'3t "*' ...... 2Wl8 51~ 549117 
,.11...,.. fHlrllt 51524 -- IZSIOO 417m .r.zw lflOIC. 

;'""'' 915 7lt.O 1145l0 mm 51T»' 77]."'4 • 
lot.ii .. s 19:'.61 12'75tl l(,22C '"~ll li711e.l 

lirct""1M1F Ii 
lt•tl lalll l.~16 :.•aoi :s.m; :s.z :s,1vr • ...... 
JICOI z.·-""'". 2.M. :S.2064 i,JW. 2,Z !.II~ .., ......... 2.15r. .... An 1,.0.1 1,M!". 3,6::~1 4.~.c.• 
,,,,..,, ...... 1. 2.lil". i.~r. 1,,.11 1.r.n J,O?n 2,t1;1 

''""' 1,om. 1,•:n l,4il7l. l,J~ :s.1~1 :.41r. 
Iola! 2.~:n ~.Gi~ :;.n.1 2.~ :s,:zn Utel 
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Table A.9 - US$ aillions 

Ti!-: ae D:'~CCC~ie ~Ulicla~ 
i-i ~lnaie• 
:ii'J ~""J:" :trtv1~= t~~i.es 

I;~ u.~~' t:~~~tt: 13D"1&fi 

:.7::G!::-· !J: :~?1C:cis ti 
!.u..::~;,;N<; ::rqr...Olei 
r;._ .... 

~; ~f! ·=~ : ~ !~,;= i.i!et

~i =~1-:...i:tu:t 
~! ~v:c,:.e 

l'.C~~irt: .:.s!~ 

t:: :.":6 
!:I~ 

fotcl l(oS 

Li :a;io:ri,!:: 
ivtcl Ci 
~ :se ~-~-"i ;;J1:unce 
~ ~ r..c~te :lvi5i!f'.CE 

5.: lie tr"ff r·cl:tf l)UIS:¥.Cf 

T~ti~ ·~: :i )-~~!SMCi 
a rtir:~ 

ri~ na!J 'i1"e 
r,s; E6r 

ra.EUJt ol I~ IS1 UIS ~ J:2 31S:• loo ~~ 'll\o ~ 
jrl ""' 1~.5 m 25-1 ~"'6 4J;; 5ot.4 ~ :;oo tiao 1~ 
!EverFu ~; 3:;;; 4-IV ScV ~ ~ *i 11~; 1.oc.: 1i65 :m 
1£(;.:t"G :73 ¢25 ~ iu., ;cs 1~i.:s 14':-:. ;G(ie ~~j !'.WO ltia 
~~ ~ ~ ~ ra ~ • i~ 1~ ~ ~ ~ 
PE~ttir;ii 6'(; i5li :;~ nl5 ;u·~ la54 :;~;;~ 2414 ~:4 JSfi 4245 
nEGlril ~41it mo.:- 4':.SW 47Cl'.":I} m:.,; r.!C~) mV-i 7'61.-:.j 'i~::7 1691ii 12181~ 
fEV.TF.f: 35(, 7U 1425 1&6 21~ T...4-0 :55b '1112 ~ 5006 672S 
IrF~ 4;1 6il! ~! 1438 :-oos lWV m~ 6.3al m; 
CM;...r li).34 1176 2222.o 3i46.a 47S7.8 ~6~ 7~ ~: ma:- 1:>917 
.:~.;,.:i l(oi~ 14;s 32•E JtS7.S ~.I> .;::Je.& 4~~1.~ :so;e,! ~ 1111 
C*~I 0 ~l~ !.'bS ii-25.6 74< .. ,4 Ba44.4 l·n".ie 12~3o 1~~2 l:'m :t02S 
IDFiiT Wi 313 447 b36 ill 13'..'lc) 1;--,,0 :;~; l!i4 
c...~;;c1 5YJij 7572 1i1424 14351 z;757 ~ .. ) ~446 51551 1c.:ni 
~il£r i1«r nn 1r: 7436 ~1~ i6'Xi :ea: ~&5 ;&;:; 
~;;CT 

t.Mti.r 
C.M"°C~ 
C.lfHCT 
CM"..:i 
WFM.:T 
crr.r;r.;r 
Cllf.C:i 
CM'tc:l 
tofrc.I 

,., 

r, 127(,j 14851) 1;7fl ;:;787 

4400 494& 55o(o ·~ 11;2& 
6 mllli !~no 2lJ4i :"8.795 34:~~ 

~)O 468 548 041 ~j 

500 m •i:: on ~j 
3'» 341 35; 4+j ;,:o) 

12-.)ij 
174 
17& 

9 

•'MC 
&! '"' 

":jl'JV 
4efj 

'fr" ,,.,, 

:~&")) 

791..'""1 
.;:100 

45!~ ~¥~ii i't:"611 
60efj ~: 11121 
~ ~25 qoo.;2 

1V:7 12!12 14'.jo 
~·~ l~l? 1125 
o-es m ~ 

::~1 2'"181) y.;04 
7.;; ~ 1213 
51;.; ~ 712 
io8 2i4 44o 

li5f !~;.:m1ii OW~T i•>9 
47v 

1JG2 
222 
212 

15 
138 
587 

1157 

i547 
2C 
252 

2.; 
174 
T.);j 

22(! 

91i 

~70 

~ 

42-' 
103 
~ 

146l 
3482 

~42 ~ ~ 
Toa! ~ CO'f:a 
L111nd ~r!ftil rnsol1y ttCf;; Cl»F'-.., 
iiKtn>l•;llffCtne~ lisol1~ fECIWl1CT 
Totii Ecr in f'l1t CDf';.cJ 0 0 0 

29 
1186 

154: 
51 

159l 

2055 2740,~ 
9li 159,5 

2145 :zcio.j 
282 

~"' 

18o1 
4424 
498 

4922 

31)7'5 

7146 
1551 
8691 

1&.•~ 

2il.il 
11.1; 
l-i.~ 
45,n. 
~4.4l 

u.;z 
N,3'Z 
4£,T-. 
r:.64 
1.i1 

25.6-l 
12.44 
2l.11 
17.Vl 
16.71 
ll.ol 
4i.~2. 

::7.4'. 
18,04 
~.~ 

2il.21 a.•• 
30.11 
i6.5l 
27.41 
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Annex 12 

.\NREX B 

THE ORGANISATION OF TRADING 

Total trading in electronics 

Precision, watchmaking, optics 

Mass consuaer electronics (IEE) 

TelecOllllUDications, informatics 

Active coapooents 

Calculations by GERDIC using data fror. the CRELEM data bank of 
CEPll. kindly supplied by Michel FOUQUIN 

(1) The tables are to be read along the lines for the elq>orting countries 
or zones and dovn the columns for the importing countries or zones. 

(2) "Total Asia" does not include Japan. 

(1) Passive components, •chatronics and software are not included in 
these statistics. 

• 
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Table B.4 - Precision equipment 
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Annex 23 

ANllEX c 

PRODUCTION OF SOllE ARTICLES BY VOL~ 

Tables 

C.l Television receivers 

C.2 Radio receivers 

C.3 Sound reproducing equi~nt 

C.4 Seaiconductors/transistors 

Source GERDIC, after data in UlfO "Yearbook of industrial statistics", 
1987 
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Table C.l - TV receivers (thousands) 
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14&~ 
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71 

3463 
6.1% 

169 
1'16 
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729 
9l 

3729 
6,41 

254 
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l:W 
69fi 
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4062 4444 5294 

t..n '·" 7,36 
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2422 7147 :me 
70 88 1~7 

767 64! 9e4 
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4612 
6.0l 
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2516 

w 
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12'1 

lllO 
l.51 
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1744 
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!lV:E ~=.u~ 11.:.1.; 1Go24 15103 14342 11110 13577 1~115 i45i8 l~b 13275 1~i2 
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151 
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I~ 
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7l 
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~ 
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69 
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194 22) 
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115 124 
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24, ~ 27,Z'J. 28,41. 2.5,0Z. 23,61 25, 11 24,51 22,ll 21,U 26,Zl 22.2l :U, ll 19,61 
l•J:3~ 12004 12159 lOOO'f 10808 11569 1203'5 11333 11711 11487 11400 l:zlbl 11607 
21.~ 2l,vl 23,~ 20,61 19,ll 19,91 19,71 17,51 lo,.n 15,01 15.il 15.91 13,~l 

8184 8726 9'l99 9921 10060 9943 10127 10297 10444 11605 l085CI lll06 11497 
17,lll lb,'il 17,91 20,41 17,81 17,11 16,61 ·~9% 14,51 14.41 14,91 14,31 13.11 
~ 6271 65ft9 ""' 7063 7073 7165 7271 7528 ll'IO 8345 8578 8998 

TOTftl.................... 48210 52194 51825 48695 56526 58081 60942 lt477f» 72134 711!JJ2 72704 77800 87670 

• 



• 

, 

- 297 -

Annex 25 

Table C.2 - Radio receivers (thousands) 
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11.9l 14.il 12.tt n.51 u.5l 11.~ 't.n. B.41 a.n. 1.:1.2'4 i.n i.oi. 

46511i 54118 ~77 SiJ"58 11541 BlU."'C' m1 a>404 1~58 11s1n a111oe 9m3 ~011s 
::a.~ 41,n 40.:n 45.tt .w,n. S5.4~ 52.s: ~.1n ;,1.n. 67.Si. 58.51 t.1.n 01.r~ 

n50 w.?5 IO.W4 llo77 13&)7 Yft).36 1!&2 l7Z~ I~ 2Di1 
iBSi l!12 ~'fL "*' t1111 o404 4760 4m lm s=41; 593 011c; m.:; 

~::... li99'i :i;.}11 l9'k2 ~I 53-)22 ~i2 ~ G747& 51J5i 41:zqG 4~ 4331~ 

;i;i &i5a> a9t!8 1221 1om m1s 1111; 10746 17070 16if..i:S 134o1 1516.S 18'246 
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O.il O.Bt 
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~) 4J 
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1.n. 
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I~ 
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1!55 
1.21 
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1.11 
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TOTlt. •••••••••••••••••••• l25.."7v 129678 122088 118274 1&97 150246 18>5 143461 182403 174942 140041 152761 lsm.5 
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Annex 26 

Table C.3 - Sound reproduction (thousands) 
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Annex 27 

Table C.4 - Tra~sistots/seaiconductors (•illions) 

• 

Tr~t!UJr i SC '•illions) 
1972 19il lrt4 1975 1976 am l9i8 1979 1980 1981 Jtg lWl 19114 

cuts lilis 29;1 '!llDI 2il0l 2f:I01 2801 2110l £'Bi>I 2801 2801 2801 2801 2801 29;1 
t~ : !@,:t. 2l,o1 22,9: 311,41 23,41 !\l,61 19,fll tb,n 1~81 tu.n 10.11 8,Sl 5,n 

~•ll'• uhne - 2 0 81 lw 150 2'.'41 264 '~ 312 l~ 366 ~95 

t .. : : v.•>l ->. ~·l. u,li~ l.ll. 0,B'i 1.11 l.51 I.Ill o.cn 1.ZI l.n l.ll. o.u: 
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~?e :n-7; !iiiiJRr ~21 15? 1~71 1352 18'16 l&Dl 1d5ii 21~ l9Bl 23(15 2615 ~ 376i 
r~· : l•).{•; n.n. '. f9!> .o •• ,. 18,S"! 15.6'.t ll.Tt 13.!Jt 12, 7't 9,8".r. 9,51 1.cn. 8,64 1;n 
1:·7e eu So.JC ~.p ~.a;a ·~; liil 1810 1772 l~ ~14 1904 '2ZZD 1'149 2681 !.G90 

.;;.-?:--;-~~ . . : (.,-:·· . ·~·.·i:. t).i!l ~.(tl (l,li1 l),v~ (• ,(•i. (l,•:Ol 0,01 li.6l 0.'1l l),(ll •i,l)'Z. 

t~,.ref Uc:1~ •. - .. i..: i3'j 1019 123') 1071) 1334 1386 1339 15o6 1437 1514 U1ll 1586 l~M . . ; .:·· 9,b: 1(•,•jI 14,7l. ll,11 hi,21 9,4i. 9,41 i,1'1 5,ot 6,2t 4,Bl 4.i): ~ ... , . ...... 
~·:·it i:EE t:li &:.O ~i) 89& 1156 1154 1lli6 1314 1115 1m lm l~ lol•i . ·.: : V,o! • :i,c.. 8.i.l 12,ll 9,74 8,5l 1,Ti. 1.cn 5,5l 4,Sl. s.n 3,Bl .. ,.. ..:z, . .,. 

c•.:'":ii?. oe l E; t 87 iv1 ·- l8l 226 2h7 310 341 341 2a) 274 267 ..... 
,~,, ..i't, 

• .. : : (•,'Q: v,84 1.6~ 2.S: ISL 2,lil. 2.:l 2,11 l,n 1,0l 1,11 1),9; •), 7A. 

iCTP,._ •••••••••••••••••••• ;z32 11~ 1~4'.; 729'1 ll978 13591. 143-07 lt.500 11J'1!19 27098 25821 ~19() 481JfJl 
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Annex 28 

AllNEX D 

• 
ANALYSIS IRTO PRINCIPAL COKPONERTS OF ELECTRONICS (*) 

Annex 29 

CORRELATIOR JIATRll 

INfiJ &UhE INST COMM TELE MEDI umu EGF CGNP COMA 

INFO 1.(K) 
BURE 0.07 & • v.:~ 

lh"ST •).1)1 o.•)B t .(n) 

COMM -0.1)2 -t). •)1 t}.24 1.()V 

TELE ~). 02 -0.31) (r.14 (1.24 1.00 

MEDI -0.17 0.03 (1.37 O.oO v.vt. 1.00 

INDU -o.o~ -0.11 t).32 0.37 O.bO 0.34 1. •)(t 

EGF· -•) • .:!.£ 0.15 -(r.17 -0.50 -0.17 -0.3b -•).vs l .(•(• 

COMP -(•. ~)4 0.21 -.:·. 12 -0.17 -0.19 1).15 -l). •)8 0.32 1.00 

(1)11.:. -.: •• 41 -1). 14 -•). 50:• -o.~.o -0.53 -•).32 -•). 54 .: .. 02 -,J.25 1. l)(• 

ARALYSIS IllTO PRIICIPAL COllPOREllTS 

VARIABLE HO VENNE ECART-TYPE 

-----------------------------------
IUFO 1 20.13 12.85 

[;;; ·~,E 2 l .BS 1.bl 

INSr 3 9.24 7.41 

COMl1 4 8.57 b.91 

TELE c: 15.34 1 (•. :: l .J 

!1E[•l b 2.57 3.o-' 

IJ.ICiU 7 l. 27 •:.. s.; 
EGF· e 14. l'i l•). 45 

C.Oi1r-· 9 12.99 5-~~ 

O:C;f1.:0 11) l :: .• 84 l q_ ~·8 

(*) The softvare used is LOGKAD by M. Philippe MICKEL. IUT of RENRES I. 
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Annex 30 

v;.L..EUfi f·f\QF"RE i.. I r.IEf.:Tl E i.. CLIMULE 
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e o. 35.:•9 ::.. 51 97.74 
'9 •). 22o4 2. ::c. 1 00 • \.It) 

1(• (t • '· •. :11)(• •).1)0 1(,n). O•:O 

HlSTOGRr111ME des VnLEUF\S FROF"RES 
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., ......... ... ............. 
~·· 
.. it'll 

..... 
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-.; ••• ;,c,f: •.J.~·o4G •:... =~16 -··· 7i•J& .; .. l~'ic. -(·.~o:::; 

~ -~·.4=z: 
.; .... !,-1~ -·=·· t15:·.a "· ;7~ -(·. •'.-£1·:.. -0:·. :&:9 "-c.::: 7 -.-:, .. :.:;:~ 

-•j. ::.-:. -.: •• 1=.1e (•. ;v1= .;, •• ,.,:&• _,,,_ c.:77 -<,,.~.: 

2 -.;.. 0:4':.t 
-·:. ... ,~,. 

0 -v.::1.;, 
.;,. 1:-i~ v.:;~ ·:-.:;~: ~-·~~ 11.;;::'7 

-6 • .:~~ .;,. 117.f -•i. ~·:.~· -v.I~ .. .;,.1~4 "· 1tt1 
2 -·:·. ~:5o 
,-·.·· ;.e: -·.··••:.• "'· ~:.t: .:..•:::v v. :za:.: -<-.1~47 

-· ... 11•1 
-·).411i4 -v. •)f .... -1.1. !1i I ·=·-•.:.4P:6 -v."4•:.C. .;,.:1~ 

7 -•:•. ·.1::7c 

1 v.2122 -v.•oa -...... ::c..: t'.•. 1107 -v. 1~:· (J.i.1~ 
-•-•.':.4:.:: 
•.•.•.0728 -•J.~~80 .;.. vc.ol •J.•)=•:.J '"·~, .. -v.:24~ 

a -·~. 177; 

1 v.<1.::81 •),, ~.?~::, (,,,.., .. ~. ..,,, :. .... -•:o.v;s .. c:.. (1.f9; 
-.;, .. :, .. 

•:·. Jc.5o -·:·.=.,~~ .-•.•.a.a: 

-•). : ... ;.:1 (• ... ..:..: -•.·.•.· ... o 

-V.Vo5e (,. 14.ft,;• .; .. ::Ii 

I),. Sc.Iii v.:8.fi '"· ,.: 
-.... :•::.;, •J ... •o~ -v.186 

-v. ·~·)7 -.: •• 19.t-:• -;v •• ~• 

-.:•.<-7·~ -•). 7:1~ (J. =•<; 
'"·~:a. -.;, .. ;..;,~~ -v. j•=·~ 

-.;.. 21o7 '-'· ··=-·~ v.:t. 

-•J.:4:o -•i. 11:1 ''· I :,7 



- 302 -

Annex 31 

REPRESENTATION OF THE INDIVIDUALS 

c-~ • i• -1ible • htne l 
t.151""' c- r•K I. l>R • h.- :? 
Cllr.tr111Uhoi • I -tie • I - • h ... l 

::f<I~ "l : I okE : £ Ml : 3 fllE : 4 1aE : 5 tl4 : • "[ : i M£ : i ''E : 'i ••E : 10 

··.: 
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Jiii. 

51115 

..... 
t.00 
O.OI 

...... ., 
0.1. 
Ul 

-t.1• 
6.tl 
Ui 

_,_.. -1.67 

6.':4 - V.ili 
•.Si 2.:5 

u.1; o." 
v.W t.11 
C.i:l .?.00 

-1.115 l.li 
0 :1 6.:i 
1.~ 2.r. 

6.5- 0.17 
o.r. 6.~ 
O.lS 1.53 

-1.0l 6.15 
0.21 9.15 
1.11 i.15 

-0-41 -1.:i 
6.'11 6.11 
v.at : . .;a 

-1.~ 

Cl.44 
2.n 

0.19 
0.(11 
0.04 

-0.ll 
0.27 
o.77 

-2.04 
o.1' 
4.60 

-1.6~ 

O.?I 
l.«> 

..... 5 
V.Ol 
I) ... 

v.50 
o.v. 
0.51 

-1.•• 
0.4i 
4,52 

6.11 
0.01 
6.07 

1.n 
6.27 
•.04 
o ... 
1/,11/ 
1.s~ 

-1. 71 
11.:2 
~.H 

v.45 
0.07 

••• 

1.a 
6.!0 
1.13 

••• 
v.~ 

6.54 

1.~ 

0.1: 
4.4i 

0.47 
6.l'fl 

·-~ 

0.45 
v.'5 
0.47 

-0.15 
0.1. 
1.10 

-0.51 
6.10 
0.'1 

-t.62 
0.04 
o ... 

.... .,., 
0.17 . ... 

-1.01 
•. u 
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REPRESENTATION OF THE VARIABLES 
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