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ABSTRACT

This thesis explains the French inability to develop an autonomous information and
computer technology (ICT) industry as a result of the participation of the French
industry and policy makers in a transatlantic discursive regime. | define the concept of
discursive regime to mean not only a set of transatlantic international norms and
procedures or the congruence of views between sectors of the member governments of
the regime. This concept also includes disputes and divergences of interest and
emphasizes the role of the agents in the formation and transformation of regimes. The
emphasis on agents however did not entail a rejection of the concept of structure but
implies a simultaneous occurrence of structure and agency in the formation of historical
events within a universe of political discourse. Thus, | use the concept of umverse of
political discourse to show competing discourses in the analysis of intermal ICT policy-
making both in the US and France and the concept of discursive regime as an
alternative methodological framework to neo-realism, liberal regime theory and the neo-
Gramscian approach to international relations.

Using these concepts, 1 argue that from 1946 onwards, with respect to ICT, the
US Air Force leadership within the US military establishment was the critical force that
linked the military sphere to science, technology and industry withit the US universe of
political discourse in ICT. The mode of this linkage was provided by the US Air
Force's perceptions and priorities of air power and air defense that created a
technological dynamism in information and computer technology. Moreover, | show
that the US Air Force structured the transatlantic space militanly, scientifically and
technologically through NATO and the OECD. In keeping with this argument |
demonstrate how in the period 1945-1965, NATO priorities in defense and the OECD
science and user orientation in computer policy were intemalized by French decision-
makers. | show that during this period, France's universe of political discourse in ICT
adopted an Atlantic orientation by choosing American computers in order to respond to
the NATO concemn with inter-operability. As the French military and
telecommunications authorities had chosen IBM computers, this choice motivated
French electronics companies to seek alliances with American interests, in order to
survive within the French defense procurement market.

In 1968, when the French Deélégation a la recherche scientifique et technique
(DGRST) formulated a plan to oppose NATO and OECD policies and to create a
European industrial specificity in electronics, computer and telecommunications, this
plan failed. This failure was due to the fact that while the plan of the DGRST depended
on the EEC member countries' political willingness to challenge American views within
NATO and the OECD, EEC member countries and their firms felt that their interests
were better served within NATO and the OECD, rather within a DGRST-led fortress
Europe. The European resistance to the DGRST plan strengthened the relationships
between the French and US ICT industries in the period 1974-1981.

SRR -
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NOLOGY

1944
- Roosevelt began to consider air power not only as an wd Aoc solution to be used m the coune of
war, but. as a diplomatic tool

1936

- The US Army Air Force (AAF) Air Force created the Scientific Advisory Board (SAB)

- SAB members recaived Air Staff briefings on AAF rescarch and development plans and
recommendations about air defense.

1947
The French Air Force created the Socicte d'Electromgque et d'Automatisme to develop specialization
in analog and digital computations and industnal automation.

1949

- The Soviet Union detonated 1ts atomic bomb.

- George Vally (MIT) proposed to Theodore von Karman, Chaiman of the SAB that a study of iy
defense systems be undertaken.

- SAB created the Air Defense Systems Engincenng Commuittee (ADSEC). with Valley as chawrman

- Creation of NATO.

- NATO established a transatlantic Military Production and Supply Board (MPSB)

1950
- Jay W. Forrester of MIT's Digital Computer Laboratory (DCL) invented the random-access core
memory as a replacement of the current but limiting technology of cathode-ray-tube (CRT) storage

1981

- "Project Charles” was established at MIT for short-term mvestigation of air defense problems

- First life demonstration of automatic aircraft interception usmg Whirlwind computer.

- "Project Lincoln" was established at MIT as air defense laboratory.

- The Air Defense Research and Development Command (ARDC) took responsibility to administer
“Project Lincoln”.

- MIT's Digital computer laboratory was associated to Project Lincoln.

- NATO abolished the transatiantic Military Production and Supply Board (MPSB) and the Atlantic
Council established a Standardization Policy and Coordination Policy Commuttec and a Milntary
Standardization Agency.

- The French company SEA manufactured its CUBA computer, a cathode-ray tube-based machine

1952

- Name "Project Linceln” was changed to “Lincoin Laborator".

- Plans for the "Cape Cod System", the prototype for the SACE system was established

- Lincoln Laboratory considered several manufacturers to build the SAGE computer.

- IBM was awarded a subcontract by Lincoln Laboratory.

- The French company, SEA produced its first computer, the Fisaugraphe that was ordercd by the
French Air Force for military communications.

1953

- In France, the French company BULL introduced the Gamma 3 at the same time as IBM entered the
clectronic computer industry, and a little after the British firms FERRENT! and ENGLISH
ELECTRIC. The Gamma 3 was in fact a resprase to the IBM 604 computer.
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1954

- IBM received contract to manufacture two computer prototypes: the XD-1 and XD-2.

- The Cape Cad System was fully operational

- The A1r Force awarded to IBM the first production contract for SAGE computer called the AN-
FSQ-7

- The Air Matenal Command (AMC) established the Air Defense Engineening Service (ADES) with
Western Electric company involved in the ADES management.

1958
- IBM i1nstalled at Lincoln Laboratory a simplex version of the AN-FSQ-7 computer

- In France, SEA built the CAB 2000 computer for aircraft interception.

1956
- IBM announced the development of TX-0 an experimental transistorized computer.

- In France SEA built a scientfic and management version of the CAB 2000.

1957

- US Arr Force began weapon integration and integrated space research in its policy.

- The US government created the National Aceronautic and Space Administration (NASA)

- Tke French Direction de la Recherche et des Movens d'Essais (DRME) of the French Armed
Service and the French Air Force financed research done by an SEA team for a machine that used new
magnetic techniques.

- SEA built DOROTHEE a germanium-based computer that failed to fulfill the F . Aur Force' s
specification.

- The French company BULL's Gamma 3 computer and its modified version the Gamma Extension
Tambour (ET) were used unsuccessfully by the /nstitus Blaise-Pascal of the CNRS, the University
of Grenoble and the nuclear center of Marcoule.

- When Electricite de France (EdF) required digital computer for replacement of its analog
machines, /ntertechnigue bought a production license from the American company Thomson Ramo
Woolridge (TRW) to build transistorized digital computers

1958

- The US Arr Force formed the Stever Committee that redefined the Air Force's role as responsible
for the military uses of space.

- The US Govemnment created the Advanced Research Projects Agency

- In France, IBM-France built two PACA Il computers for French air defense and CAPAC |
computer as a missile guidance system.

- CSF aliso established an alliance with TRW and create a subsidiary: the Compagme Générale des
Semi-conducteurs (COSEM).

1959
- In France. the IBM 370 computer series replaced the CAPAC | and Il computer in French air defense.

1961

-In the US. the Air Research and Development Command and the Air Material Command were
terminated and replaced respectively by the Air Force System Command (AFSC) and the Air Force
Logistics Command (AFLC). The AFSC had the mission to forecast the USAF's requirements in five
1o ten years and assess the deficiencies of national defense policy, military strategy. and inter-service
relationships. Furthermore, it had the task of making suggestions on the improvement of US defense
from emerging scientific discoveries and undertaking an Air Force-wide program review, named
Project Forecast

- The French government crested the Permanent Electronics Commission of the Plan (COPEP).
COPEP was a platform of discussion of French policy in electronics. It regrouped members of the

e —————
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DGRST. DRME., CNET, CCRST and the Commussariat General du Plan who dealt specifically with
electronics. Its mandate was to propose a policy for the expansion of the electronics industry dunng
the next ten years and to elaborate procurement policy.

1962

- The US World Wide Military Command and Control System (WWMCCS) that concentrated both
nuclear and conventional forces in the hands of Strategic Air Comimand (SAC) became operational.

- The beginning of the French Fourth Plan.

1963

- The SAGE system was fully deployed in 23 air-defense sectors: 22 1n the United States and one in
Canada.

- First OECD conference on science policy.

- The French Quatre and Hexagone computer development programs.

1964
-GENERAL ELECTRIC took over the French computer company BULL

1966
- The French Plan Calcu! computer development program

1967

- The American company HONEYWELL ook over the French computer company BULL

- NATO placed increased emphasis on the utilization of national military and PT&T networks tor
greater flexibility in NATO defense and to create a NATO Integrated Commumications Systems
(NICS)

1968

- Third OECD Conference on science policy

- The Second phase of the French Plan Calcul

- Under the influence of the US Department of Commerce, NATO and the OECD, inter-operability
between the computers that run the PT&T of member countries was abolished in favor of
Compatribilitv in Manufacture and Supply Services to upgrade NATO telecommunication networks
and to establish a civilian transatlantic data-processing network: the Integrated Management and
Information System (IMIS).

1969
- Beginning of PREST negotiations, the French-led European data-processing and telecommunications
itiative.

1973

- The French company C1I, the German company SIEMENS and the Dutch company PHILIPS agreed
to create a European data processing consortium called UNIDATA. From the French perspective, the
consortium's primary objective was to create an industrial entity that by 1980 would be second to
IBM in the worid computer industry. UNIDATA was abolished the same year it was created.

1975

- The government decided to merge Cll with HONEYWELL BULL. The newly created company was
known as CJI-HB. According to this arrangement, CII-HB sold to the French govermment machines
manufactured by the US company HONEYWELL INFORMATION SYSTEM under CII-HB label.

—————E
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1979

- The French Mimistry of PT&T built its remotely-controlled data-processing systeimn. TRANSPAC,
that became operational 1n 1979. The Commission of the Europecan Communitics used TRANSPAC
technology to built EURONET. These networks were administered by the nine EEC meruber
countnies’ PT&T mumistries, were interconnected among themselves and with Amencan networks
TYMNET, TELENET and GENERAL ELECTRIC MARK Il to form an Integrated Management

and Information System.
- MATRA a irench owed missile company created MATRA HARRIS SEMI-CONDUCTEURS a

51% - 49 % joint-venture with HARRIS, an American Company. Afiter this alliance. HARRIS
transferred its Complementary Metal Oxide Semiconductor-Conductor (CMOS) technology to
MATRA HARRIS SEMI-CONDUCTEURS.

|
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Chapter One

INTRODUCTION

After 25 years of attempting to develop a competitive computer industry, the
French government became convinced towards the end of the 1970s that France's
information and computer technology (ICT) industry would be incapable of
autonomous development. This change of policy is not the subject of this thesis.
Rather, through an archival investigation of French electronics policy during the period
1962 -1981, I seek to explain why France could not develop an autonomous ICT,
despite projects such as the Quatre Axes, Hexagones, the Plan Calcul and UNIDATA,
the French-initiated pan-European computer development program.

In a time when dialog between international relations perspectives and when
interdisciplinary research is encouraged in almost all academic curricula, I find the
subject of this thesis theoretically and methodologically fruitful for several reasons.
First of all, since post-World War II, the sector of information and computer
technology (ICT) is where both the development of means of destruction and the hope
for better human life converge. Second, ICT is a sector where defense, science,
technology and industrial policies are closely related. Third, ICT is also where

competition and cooperation between nations go hand in hand. While my research
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tracks these issues of international concern, my choice of France is also theoretically
and methodologically motivated. The role played by France in the ICT sector can be
described as both competitive and cooperative in defense. science, technology and
industry within a hegemonic context dominated by the United States. which
problematizes main IR theories and opens dialog between them.

With these concerns in mind, in what follows, I review several analyses of the
French failure to develop an independent ICT industry. Each of these analyses is
related to the notion of power and to one of the major theories in international relations
(IR): realism, neo-realism, regime theory and neo-Gramscian approach to IR. While
the merits of each of these analyses are considered, they are also criticized for their

tendency to present a simplistic view of the French policy.

1.0 REVIEW OF LITERATURE

Among the French ICT projects, the best known is the Plan Calcul. which is
portrayed as as an initiative, representing the French discourse of independence. Those
who argue from this point of view maintain that French ICT policy during the period
1965-1974 was in effect a nationalistic industrial policy whose objective was to achicve
technological independence vis-a-vis the then dominant U.S. computer industry and its

flagship International Business Machines (IBM). This version of the French discourse

of independence in ICT was articulated in particular by realists and neo-realists.
Raymond Aron for example argued that:

of primary concern to Europeans is the theory that the American
superiority in research and development tends to be cumulative. It builds on
itself and tends to increase because the mass of resources which can be
devoted to research is greater as the over-all national and corporate resources
are greater. Therefore, the nation which has the research lcadership has a good

———_
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chance to increase it even further . Whether the theory of U.S. cumulative
superiority is truc is uncertain. What is important at least many Europeans
fear that it is true. And many arc obsessed by the thought that in 10 or 20
years the majority of large European firms will be dominated by
multinational companies with American dominance.!

Although many French and other Europeans believe in the American
technological domination of Europe, the evidence presented in this thesis shows that
contrary to what would have been expected from “nationalist” French government
during the period of the Plan Calcul, the French government did not take steps to
overcome this domination. Instead, French policy makers chose to base their computer
industry on American technology and allowed GENERAL ELECTRIC, an American
firm to take over France's first computer maker, the Compagnie des Machines Bull.
This fact however was of little importance to a realist such as Raymond Aron who
believed that the unequal distribution of power resources among states favored the
United States and would necessarily motivate countries such as France to overcome it.
What is important in Aron's argument is that both US technological superiority and the
alleged European scientific and technological weakness are given by the post-World
War II structure of inter-state relations. The argument suggests, moreover, that given
the state of anarchy in the international system, it is only natural that some countries
would react against American technological superiority by attempting to shift the
balance of technological power to their advantage.

In keeping with the realist understanding of international relations, Robert

Gilpin also argued that European governments were less concerned with economic

profitability in their science and technology policy than with politics understood as

! R. Aron, The Genera! Electric Forum. Vol. 9, No. 2, April-June 1966, p. 16.

———_
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struggle for power. This was how in the 1960s, realists interpreted the European
concern over their technological gap vis-a-vis the United States. According to Gilpin:

- what is at issue for France and Europe is their political postion vis-2-vis
the Great Powers and their capacity for long-term national independence.
Whercas beginning in the latter century control over petrofeum resoprces
became essential once naval ships shifted fiom sail to diesel, o today an
independent aerospace and clectronics industry along with the supportng
sciences has bccomc crucial for a nation 11 enjoy diplomatic and mifitary
freedom of action.2

Through their notion of structural power struggle, realists and neo-realists such
as Raymond Aron and Robert Gilpin cfaimed that the distribution of power was the
main aspect of the 1960s transatlantic technological gap debate. As Stefuano Guezini
points out, such explanations identify the contenders (herc the US and Western
Europe), "...their diverging interests and intentions, the open and tacit clash of wills
and prevailing outcome... This allows the power of the actor 10 be assessed not only
for the power confrontation in question but also for future ones”.} Despite much
archival evidence to the contrary, this realist framework was used by John Zysman to
interpret the French ICT policy in the 1960s. He maintains that:

...Whether the state's economic return on investment in the increasing use of
computers, process-control production and numerically controfled machine
tools would have been higher than its return on investment in the support of
a financially and technically independent French computer industry was a
question left undiscussed. The notion of national self sufficiency and
technological glory was... unquestioned value. The government intervened to
achieve the political goal of technological independence, not an economic
goal. however defined

2R Gilpin, France in the Age of Scientific State, Princeton N. §., Princeton University Press, p. 76.
3 5. Guzzini, "Structural power: the limit of neorealist power analysis”, Inlernational Qrganication.

Vol. 47, No.3, |993 pp 448-449

4. Zysman, . i ” e M

Los Angeles and London Umvemty of Cal:fomaa Prcss, 1977 pp 73 74

SRS e - - - ]
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For Zysman, there was no doubt that the Plan Calcul, the 1966 French
computer policy was about developing an independent computer industry free from
American interests. The author states that:

...whatever the exact events which prompied this concern, the logic
justifying government support {to the French clectronics industry] is clear:
an independent electronics industry consisting of firms controlled by French
capital an¢ independent from American technology is required for a French
military and economic independence...’
A decade after Zysman's book, in 1987, E. A. Koloddziej maintained that the
Plun Calcul’s objective was to create a "new line of computers with no relation to
American technology.”® In the same vein T. R. Howell et al have asserted that: "The
French govesiaent implemented a number of programs in the 1960s and 1970s to
promote the dcvelopment of an indigenous semiconductor capability.”” As recently as
1991, C. Le Bolioc'h: Puges has argued that the objective of the Plan Calcul was to
build an independenit national computer industry free from American influence.®
Since French electronics policy was understood by realists and neo-realists as a
struggle for independence, the lack of an independent French computer industry in the
late sixties was seen to be an effect of the international structure of power relations that
placed limits on French ambition for independence. in 1968, just after the first phase of
the Plan Calcul, Robert Gilpin argued that:
There is an irony in the efforts of French to play a greater role in
industrial R and D - namely that the United States, the world's foremost free
enterprise nation is forcing traditionally dirigeant France to socialize the

basic resources of the modern economy - scientific R-D. In a situation where
an economy, two thirds of whose firms are relatively small (a total work

5 Idem. 74.

6 E. A. Koluddziej. Making :

International System. Pnnce(on. Pnnceton Umvemty Pmss. 1987 p 230

7T. R. Howell e1 al . The Microelectronics Race. Boulder and London, Westview Press, 1988, p.169.
8 C. Le Bolloc'h-Puges argues the contrary in La politique industriclic Francaisc dans I'électronique.
Paris, L'harmattan, 1991, p. 11. However his book is not based on primary documents.
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force of less than 1.200) is competing v a world market with industrial
giants...9
Having maintained that during the first phase of the Plan Calcul the French
implemented a policy of technological independence vis-a-vis the United States, the
author argued that the problems encountered by this policy were the result of US
hegemony. Pierre Maillet who worked for a Common European Market technology
policy against American multinationals, took a similar position in arguing for
UNIDATA, the attempt to build a European computer ccmpany through the alliance of
CIl1. PHILIPS and SIEMENS. A European policy in ICT he wrote, was justified
because international information technology was dominated by the United States and
therefore a country of France's size was incapable of developing alone a national
clectronics industry capable of competing against IBM. !0
While the purpose of the Plan Calcul was explained in terms of a struggle for
power within the intemational system, the end of the second phase of the Plan Calcul
and the abandonment of UNIDATA were accounted for in terms of a choice-theoretical
approach to power. In this approach, the unequal distribution of power is not the main
criterion for the explanation of policy outcomes. The choice-theoretical approach to
power stresses the importance of power resources in cases of international concern

within an "issue area” or a "regime” "asymmetrical interdependency”, vulnerability,
resources and potential power can be analyzed. It emphasizes a country’s capacity to
bargain via stratagem in order to influence changes in the regime. This approach was

implicitly adopted by Zysman to explain the change in direction of the French ICT

9 R. Gilpin, op. giL.. pp. 332-333.
10 p. Maillet, «L'hexagone peut-il contenir toute la technologie moderne», in 1. Chapelle & €
Ponsard, La capacité de concurrence de lindustric francaise. Paris - Montréal, Bordas, 1971, p ¥3.
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policy towards the end of the 1970s. The author focused on the French government's

will to bargain with multinationals in order to influence the structure of the international
clectronics industry.

Zysman's argument is that since France was in a situation of "asymmetrical
interdependency” with the United States in the “issue area” of electronics, French

decision-makers towards the end of the 1970s finally understood that:

War against the multinationals simply because they are foreign entities no
longer seems necessary or possible. Futthermore. the limits on power of the
of the state (o intervene in an international industry are more clearly
understood. Yet the possibilitics of state action are also accurately perceived.
Seemingly. the French feel able to minimize the problems and take
advantage of the opportunitics the multinationals represent. The policy began
to evolve under Pompidou and seems to have crystallized under Giscard. It is
reported to be as much a response to events as an explicit shift in

direction. !

It is important to note that this argument not only emphasizes the normative
influence of the liberal trade regime and technological change but also a burcaucratic
leaming from or reaction to “previous policy” implying the autonomy of government
from social and political pressures!2. In a similar line of argument that combines the
influence of interational norms, technological change and bureaucratic learning, John
Ardagh wrote in the early 1980s that:

Today the French Government reluctantly accepts that full national
independence in the clectronics ficld is not possible, since American
techniques are so far ahead. So the government is opeuu'ng adual policy: the

work of CSF and the other purely French firms is promoted for all it is
worth and mergers are encouraged; but the Bull take-over is also allowed, and

IBM is encouraged to build its strength in France!3,

11 j. Zysman, «The French State in the International Economy», Inicrnational Organization, Vol.3!.
No A4, 1977, p.8B69.

12 Policy change as bureaucratic learning process is perspective developed by P. Sacks “The
Structuse and the Asymmctrical Socicty”, Comparative Politics, Vol 12, April 1980, p. 356. Scc also
M. Weir and T. Skocpol, “State Structures and the Possibility and the Possnbmly for 'Keynesian’
Responses (0 the Great Depression in Sweeden, Britain and United States”, in P. Evans er al .
Bringing the Staic Back In. New York, Free Press, 1985, p.119.

13 5. Ardagh, The New French Revolution. New York and Evanston, 1981, p. 45.
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Despite the US active efforts to liberalize international clectronics trade between
the late 1960s and late 1970s. Zysman and Ardagh seem to argue that in the 1970s, the
power resources of the United States were not as important as the norms of the
international liberal trade regime supported by the latter. Thus. after a time-lag that can
be situated between the mid 1940s and mid-1970s. the liberal trade regime itself
became a source of inducement that acted independently from US power to influcoce
French decision-makers’ change of policy.

This focus on external variables is used by Brand and Durousset to describe the
internationalization of the French computer industry as a shift from a logic of
investment and production in the post-war era to a strategy that inseried the French
computer industry into the intemational electronics market. Brand and Durousset arpue
that:

La contrainte externe constitue un déterminant de plus en plus pressamt a
lintervention de V'Eiar... Les contraintes externes auxquelles il fust apouter lu
rapidité des progres techniques expliguent que la priorité a l'expansion
devienne l'objectif majeur ... et dominent la politique industrielle pendant les
demiéres années de la présidence du Général de Gaulle (jusqu'en 1969) ¢t celle
de la présidence de GeorgesPompidou.\

All these analyses would have made sense if the French government had
implemented a policy of independence in the electronics sector. Instead. and
despite the persistence of the discourse of independence in France and the burcaucratic
and social confrontation over how to carry out this policy, the actual outcome was

always a policy of interdependence that took into account the US technological
leadership and the interests of American multinationals in France. This, | argue was the

14 D. Brand & M. Durousset, La_Frapce, histoire ¢t politigues économigues deputs 1914, Paris,
Editons Sirey. 1991.
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case during the Quatre Axes and the Hexagone computer development programs and
dunng the two phases of the Plun Calcul.

However. despite these practices of interdependence. the French discourse of
political independence persisted. This is why, in contradistinction to the above views,
French neo-Marxists have explained the gap between the French discourse of
independence and the state of the French industrial and technological dependency in
terms of ideology and transatlantic class relations. Like the neo-Gramscians who view
transatlantic relations in terms of class alliances. Alain Joxe!*® argued that French
pretense to military independence vis-a-vis the US (which incluced a policy for an
independent ICT industry) was a bourgeois ideological deception whose pi': yose was
to build a class consensus that favored the creation of a modem military industry to the
economic interests of the French bourgeoisie. !¢ This analysis contains four interrelated
assumptions: (1) since the end of World War 1, the investment of governments in
defense industries in the western world was a way to stop the decreasing rate of profit
in the general economy (2) the French struggle for military equality with the US hid a
bourgeois political consensus on both sides of the Atlantic, (3) true inequality is not
amongst nations but  between classes across the Atlantic and finally (4) what really
matiers are transatlantic . .ass relations and alliances implicating objective class interests
within the capitalist mode of production.

While for Joxe and J.-P. Belligand French industrial policy of the 1960s was
never about independence, those participating in the development of the Plan Calcul |
such as André Danzin claim that the inability of the former to deliver on its promise was

1S A. Joxe. “Atlantism et crise de 'Etat”, In N. Poulantzas (ed). La crise de L'Etat. Paris, P.UF.
1978, pp. 298-348.

16 For another reference conceming nco-Marxist argument see J.-P. Balligand. "Defense nucleaire
et hegemonie politique”. Les Temps Modernes. No.378, Jan. 1978.
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due to an internal factor: the French failure to understand that information technology
was a major tool for the modernization of France. Danzin has recently stated, for
example, that:

Je ne crois pas que 'on puisse attrtbuer @ autre chose qu'a un mangue Jde
préparation globale de lu sodieré frangaine a omprendre que ie tratement Je
linformation allait devenir Foutil majeur de la modermisation du pavs ou s
défaut la raison principale de la chute de la compeutn e de nos indusiries «1
de nos services. !
According to this institutionalist approach to policy making. the lack of understanding
of the importance of ICT to the future of the global cconomy led the French private
electronic companies such as the Compagnie Genérale d'Electricité and THOMSON 1o
resist government initiatives during the 1960s and 1970 1¥
While each of the above accounts is not entirely false. they reman partod
accounts of the French industrial policy in electronies and are based on 4
misunderstanding of French discourse of independence. As Gordon has pointed out,
this understanding "...[t}ends to take independence and grandeur hiterally and professes
10 see intemational stature and total freedom of action as the goal of the Fro h wn and
of themselves.“1?
Against this extreme interpretation of the French discourse of independence

some authors argue that the Gaullist perspective was not so much a denial of the

reciprocity of external relations but was primarily a discourse meant to mottiwze French

17 A. Danzin, “Electronique ct informatique”. m Institut Charles de Gaulle, De Gaulle cn son sieus.
Tome H1 Modemiser la France. La Documentation Frangaise, Actes des Journées internationales tenus a
FUNESCO Paris, 19-24 novembre 1990, p.738.

18 According to Liliane Bensahel et al: «Les résultats du Plan Calcul ne furent u lu hautewr des
espérances... parce gue Thomson et CGE ne se sont pas vraiment investts .. . du fuit méme de leur
conflis interne et Thomson n'a pas ecu une politiqgue ambitieuse en manére de  «ompaosants- 1.
Bensahel, J. Fontanel, M. Vigezzi, L'économie contemporanc de 1z France. Grenoble. Presse
Universitaire de Grenoble, 1989, p. 120. A similar stance is maintamed by B. Esambert Pompidoy,
capitaine d'industric. Paﬂs. Editions Odilc Jacob, 1994 Pp. 177-17%.

19 p. H. Gordon, :

N. J., Princeton University Press, 1990, p.18.

'y, Princcton
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people in support of government's modernization policy at the wake of World War
120, Thus Gordon maintains that "Independence for de Gaulle was part of an overall
strategy for insuring French interest in what de Gaulle believed to be an environment
hostile or at least indifferent to those interests. But it was not the belief that national
isolation was possible in the modern world." 2!

Just as neo-realists tend to exaggerate the extremist tendency of the French
discourse of independence, authors like Gordon tend to downgrade it and promote a
moderate view. But the French policy process in ICT expresses two tendencies: what
could be considered as the extreme version of political independence represented by the
French Delegation for Scientific and Technical Research (DGRST) and to a lesser
extent by the Ministry of Science and the interdependent moderate view that was carried
out by the French military and telecommunication authorities such as the Comité de
Coordination des Télécommunications (CCT) and the Direction Générale des
Télécommunications (DGT). Therefore, if one is interested in describing the policy
process, it is necessary to consider both tendencies and to show why the vision of
technological interdependence always won over the other. As Peter Hall has shown for
a comparable situation, an accurate policy analysis should take into account the
arguments of the competing tendencies and "...[t]heir positional advantages within a
broader institutional framework, ... the ancillary resources they can command in the

relevant conflicts, and [the] exogenous factors affecting the power of one set of actors

to impose its paradigm over others."22

20 s. Hoffmann, Decline or Renewal, France since the 19305, New York, Viking Press 1974 and J.
Lacouture, De Gaulle, Yol 2, Le politigue, Paris. Editions du Seuil, 1985,

21 p. Gordon, gp. cit.. p.21.

22 p, A. Hall, «Policy Paradigms, Social Learning, and the State. The Case of Economic
Policymaking in Britain», Compar live Politics. Vol. 25, No.3, April 1993, p. 280.
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Successive French governments clearly had choices that ranged from complete
independence to dependence on American computer technology. From amongst these
choices, they chose a particular kind of interdependence. one which resulted in a
reliance on American computer technology in order to build endogenous industrial
capacities for nuclear and aerospace capabilities. The forces shaping this choice were
not only those of power as neo-realists argue or technological change and liberalization
of trade as regime theorists argue. Nor were they simply transatlantic class interests as
neo-Gramscians would argue or reducible to the resistence of CGE and THOMSON to
the DGRST perspective of technological independence as institutionalists have claimed.
US post-War technological superiority, technological change. international pressure
towards the liberalization of technological trade and transatlantic indusirial alliances
contributed to the lack of an independent French computer industry. By privileging one
factor over the others, each of the above perspectives presented a simplistic view of a
complex reality.

To avoid simplification and in order to offer a more comprehensive account, |
propose to show how the forces that shaped the French choice in ICT were organized
through the "hegemony" of a particular "discursive regime” upon which the
development of post-World War Il information and computer technology was founded.
The concept of "hegemonic discursive regime” will enable me to show how different
forces such as those expressed in military relations, industrial alliances and political
ideas and doctrines interacted with each other to shape the French choice for
asymmetrical technological interdependency with the United States.

This approach challenges both the neo-realist position that post-war
technological change did not alter the state of anarchy in the “international system"”, and

regime theory which holds that there are “international imperatives of science and

e ————————
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technology" that reduce the autonomy of states and force them towards cooperation.
Against the general wisdom that maintains that change in international relations occurs
as technological innovations come into use, I believe that the concepts of hegemony
and regime, both combined with the Foucauldian notion of discourse, will enable us to
sustain the argument that it was international political and military changes of the mid-
1940s that changed computer technology and drew Freach policy making and
electronics industry into a "transatlantic discursive regime”. While the elements of the
post-war hegemonic discursive regime originated in the United States, it was their
understanding by French policy makers and other Europeans that prevented France and
Europe from having an autonomous computer industry and defeated the extremist
tendency of the French discourse of independence.

My demonstration has five steps. First, I show the limits cf dominant
International Relations theories to explain the failure of French policy to develop an
ICT industry. Second, I demonstrate how the concepts of "hegemony"” and "regime”
when they are used within Foucault's notion of discourse allow an alternative
explanation to emerge. That explanation begins with the way in which World War II
created a new perspective on the “role of government in science and technology"”
according to which western nations' "air power” and "air defense” were conceived and
built through a particular use of computers. I move on to show how these ideas and
practices were institutionalized through the role of NATO and the OECD to form a
"hegemonic discursive regime” in the Western World after the mid-1950s. Third, I
demonstrate how computers as we know them today embody not only inter-state power
relations but also incarnate perceptions and priorities on various subjects such as
science, technology, defense and economic development within the American-

dominated hegemonic discursive regime. Fourth, 1 demonstrate how the formation of
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this hegemonic discursive regime affected French policy choices in the computer
industry in the period 1945-1968. Finally, I show how change in this hegemonic
discursive regime made French electronics industry even more dependent on the US
and prevented the DGRST from restructuring the European electronics industry in

accordance with its view of technological independence.

1.1 THEORETICAL AND METHODOLOGICAL BACKGROUND

The international political and social context that shaped the French choice for
interdependency was composed of relationships of force, a number of constraints and
opportunities and political ideas and ideologies within the transatlantic space. As the
above review of the French debate illustrated each of the perspectives presented
explains one aspect of this international context but as J. G. Ruggie puts it "...|b]y
discounting or ignoring aitogether the integrity of those domains of social life that its
premises do not encompass..."23

The objective of this section is to show the limits of neo-realism, regime theory
and the neo-Gramcian perspective and to draw out the methodological insights that each
of these approaches can provide in order to build the concept of "hegemonic discursive
regime". This is not eclecticism but a theoretical attempt to bring together the concept of
"hegemony”, "discourse” and "regime" for the methodological purpose of stressing the
importance of military force, on which international norms and procedures for standard

practice are based and within which French political and industrial actors confronted

23 J. G. Ruggie, "Territoriality and beyond: problematizing modernity in international relations”,
j jzation, Vol. 47, No.1, Winter 1993, p.169.
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each other in the determination of French choices in information and computer
technology.

The first part of this section argues that adherence to American views by
Western European countries was far more important than American material capabilities
because it was the basis upon which these countries used military concepts, objects
such as computers and components standards of American origins and thereby
maintained American scientific, technological and industrial hegemony despite the
decline of American material capabilities. Since this European use of American
concepts, objects and standards suggests an inter-state order, it leads me in this section
to take issue with the anarchic view of the international system held by neo-realists and
allows me to lay the groundwork for understanding the role that international
organizations such as NATO and the OECD played in shaping transatlantic defense and
technological relations.

The second part of this section argues that international integration and regime
theories regard technological change as an independent variable and overlook the power
relations embedded in these changes. The political is stressed in contradistinction to a
tendency towards technological determinism in this literature. Part three shows the

limits of the neo-Gramscian approach to transatlantic relations. Here, I point out that

the central difficulty of this perspective lays in its class and economic reductionism.
This critique will lead me to favor Foucault's concept of discourse and Giddens’
notions of structure and agency within which I use the concepts of regime and
hegemony and from which I draw my historical and political methodology for the
description of the hegemonic discursive regime and its determination of French

perceptions and priorities on scientific and technological matters.

- RS - -
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1.1.1The Limit of Neo-realism and Post-Worl ! War 1l Technological Change

Despite the divergence of opinion regarding the nature of post-war US/Western
Europe relations, there is a fundamental convergence across all the perspectives: the
description of these relations as hegemonic power relations dominated by US military
and economic capabilities. Essential to this view is the concept of hegemony defined as
the supremacy of the US within a transatlantic context characterized by an unequal
distribution of material capacities including economic preponderance and military force.
This concentration of capabilities made America the hegemon because it provided
military defense and economic welfare to the Western European countries.2

In neo-realist theory, stability, cooperation and peace within the transatlantic
zone are due to the concentration of military and economic resources in the hands of the
United States. For neo-realists, post-World War 1 US hegemony enabled American
governments to promote liberal economic policies and interdependence through which
countries in the area maximized economic gains. According to neo-realists, in the early
1960s, when US power resources were exhausted, cooperation and interdependence
were simultancously disrupted because the US no longer had the material capability to
promote international economic policies.?’

Consequently, the disappearance of the economic advantage gained by

European countries made the hegemony's coercive nature more obvious. That was the

24 gee Fred Block, Th

Berkclcy.CA Umversuy of Cahforma Prcss
1977; Roben Gilpin, US Power and the Multinational Corporation, London, Macmillan, 1976,
Stephen Krasner, Wm&iﬁmm&mx. Pﬂnccum N.J., Princeton

University Press, 1978; Robert O. Keohane, Afier Hegemo!
Political Economy, Princeton N.J., Princeton University Press, l984

25 R, Gilpin, War aod Change in International Politics. Princeton, NJ. Princcton University Press,
1981, p. 129.
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phenomenon that led 1o a sudden division of Europeans between those who supported
American hegemony and free riders. The lexicial meaning of the word free ride is
obtaining something without paying the usual cost or devoting the equivalent effort. In
neo-realism in international relations, free ride means getting the benefits of an
international system without paying membership cost, that is having others paying for
the benefit received. Beyond this lexical meaning however, neo-realists use this term in
relation to a perceived context of hegemonic decline. In such a context according to
neo-realists certain nonhegemonic countries within an international system do not
cooperate to maintain the system and rather manifest the will to break away. In this
sense, according C. Kindleberger, the free ride is not a reaction to the decline of
American capability per se, but to a system that is no longer economically beneficial
and reduced to its coercive nature. Thus, a country can be categorized as a free rider
when it manifests the will and/or is capable of breaking away from a system that is
reduced to its coercive features. Such a phenomenon occurs when the hegemon is
facing a relative decline of its economic capabilities and consequently cannot afford
intemational economic liberal policy.26

It is obvious that this theory was shaped by American foreign policy problems
(the Vietnam War, the fear of a break-up of NATO) of the 1960s. Consequently, the
1966 French withdrawal from NATO appeared to neo-realists as opportunistic
behavior. However, seen from the French perspective, the neo-realist model appears

historically short-sighted.2” Through their thesis of “free-riding”, American neo-

26 Ch. Kindelberger, “Systems of Economic organizations", In D. Calico (ed), Moncy and the Coming
Worid Order, pp.15-20, Ch. Kindelberger, «Dominance and Leadership in the International Economy:

Exploitation, Public Goods and Free Riders», lnternational Studies Quaterly, Vol.25, June 1981,

pp-242-54. Ch. Kindelberger, "Hierarchy Versus Inertial Cooperation”, laternational Organization,
Vo01.40. Autumn 1986, pp841-848.

27 According to C. Duradin
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realists ignore France's preaccupation with political independence as they see only
opportunism and thanklessness in the French attitude vis-g-vis the United States. The
main problem with the free riding thesis is that the French/US confrontation predated
the 1960s and it is a conflict between divergent ideologies: international liberalism
presented by the US versus French nationalism towards the US since the end of World
War 1.

However, despite the presence of nationalism in France, nationalistic forces
could not halt cooperation between US and France. Indeed, when General de Gaulle
withdrew France from NATO, the French government could do no better than to opt
for American defense technology and air defense structure. The neo-realist emphasis on
a power struggle between nations has led many to overlook other countries' incapacity
to challenge America and US capabilities to shape priorities and perceptions on crucial
issues such as defense and technology. Thus, despite the fact that the reconstruction of
Japan and Europe was desired and financial'y supported by the United States, the neo-

t "

realists’ “"zero-sum game" approach to International Relations (IR) has led them to
believe that the economic revival of the allies represents the “relative™ decline of the US
economy. They project that this relative decline will inevitably lead to weakness in US

military capabilities and to the inescapable break-up of the world order.

In this respect, R. Gilpin has forecast a series of interrelated factors that will

inevitably reduce American technological dynamism and prevent the diffusion of

La France et les Etats-Unis entretiennent un étrange dialogue fait de solidarité
et de compéiition. En [918, puis en 1945, l'affirmation de la puissance
américaine oblige les doctrinaires et les hommes politiques a redéfinir
l'identité frangaise dont l'universalisme messianique se heurte a celui de
l'Amérique. [C'est une confrontation entre deux idéalismes] qui d'ailleurs
n'empécha pas| un accord profond qui motive des engagemts solidaires et
une méme appréciation des menaces antidémocratiques s‘associ [ant] dans la
longue durée des crises du XX siécles, a un désaccord qui se répéte.

C. Duradin, La France contre 'Amérigue. Paris, Presses Universitaires de France, 1994, p.6.

o |
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




24

technical innovations in the armaments industry.2® He maintains that the decline of
productive capital in favor of finance capital in the American economy will, in the long
run, prevent the US government from financing its military capabilities. This would
add to the US burden in European defense by deepening the US economic and financial
crisis2%. Gilpin has argued further that American foreign investment was among the
principal causes of American economic and military decline since it undermined US
competitiveness by giving away advanced American technologies and enhancing the
economic power of America's potential challengers.

This attack against international interdependence is not only biased because it is
tilted towards US isolationist forces but also because it is weakly argued. There is no
doubt that the spread of American money and technology over the old continent
allowed for a quick economic recovery that otherwise would have been difficult.
However, this recovery was not at the expense of American economic strength or a
blow to the world economic order. Quite the contrary. In Europe, American companies
gained lucrative contracts through which American technological norms became
international standards influencing practices in European industries especially those
related to communication and computer technologies.30 As neo-realists themselves
recognize:

Nations secking major-power standing in the world have to pursue
technological objectives selected by the two superpowers. Either through
rescarch or purchase they must match American and Russian ballistics,
missiles, fighter bombers, attack submarines and main battle tanks...

28 1dem p. 179. This guns or butier dilemma has been raised by many authors: L. Freedman, "Order
and Disorder in the New World", Forcign Affairs. Vol. 71, No.1, 1992; P. Kennedy, The Risc and the
Eall of Great Powers. London. Heyman, 1988.
29 Robent Gilpin, War and Change ip World Politics, Cambridge, Cambridge University Press, 1981,
. 157-66.
G. Wackermann, Les pbles technologigues. Notes et éudes documentaires, La Documentation
Frangaise, No. 4948, 1992-3, p. 10.
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Even when nations lack such ambitions, they apparently cannot aftord 10
ignore the technological priorities of the superpowers. especially those of the
United States, becausc of the commercial by-products that are associated with
military research’!.

This statement recognizes that all countries do not face the same problems with
technological change since they do not have equal capacities (0 orchestrate technological
change in their favor but this does not mean anarchy. In Western Europe for example.
NATO and the OECD acted to reduce technological gap between member-countries and
shaped their perceptions and priorities on the use of American communications and
data-processing technologies. Although the structuring role played by NATO and the
OECD belies the anarchy of the international system depicted by nco-realists, the latter
still assume that: "Far-reaching changes in domestics politics may take place but these
will matter littie. As long as relations among states are recognized as competitive
interactions among sovereign units within anarchy, the laws goveming these relations
remain the same regardless of unit changes."32

While US technological leadership in the transatlantic zone led countries in this
geographic area to pursue the same economic, military and social goals, neo-realists
continue to insist on anarchy. As they are keen to maintain the anarchic aspect of the
“intemnational system”, they overlook the impact of technology on this “system” and
claim that there are no “international imperatives of technology” that change the

fundamental characteristics of IR. In particular, they assume despite technology the

MM M. _Sapolski, «Science, Technology and Military Pohcy» in 1. Spicgel-Rosing and D. de Sola
Price, Sgign ; AW X ; A0) . London & Beverly Hills,
Sage Pubhcatlons. I977 pm Sec also R. Gaplm Wﬂ&.&mﬂﬂ&.&h&
Princeton, Princeton University Press, 1968.

32 ). A. Caporaso, "Has Emnpe Clunged ? Neomnhsm. Institutions, and Domestic Politics”. in R. J.
Jackson (ed) Europ 3 er thy d Wi Pracgcr. 1990,
p-19.

N
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behavior of states can still be accounted for in terms of the conventional focus of the
territorial nation-state,3?

On this basis, neo-realists maintain that technological change in weapons
systems makes states feel greater insecurity and this feeling increases the anarchic
structure of inter-state system. Neo-realists argue as if technology is an exogenous
variable to inter-state relations and has no effect on them. Therefore they overiook the
progressive decline in the salience of national territory which is exemplified by the rise
of powerful transnational actors such as multinational corporations and international
organizations such as NATO and the OECD.

The neo-realists’ historical short-sightness and their devotion to anarchy led
regime theorists to challenge these neo-realist notions. For regime theorists the notion
of regime implies:

Implicit or explicit principles, norms, rules and decision-making
procedures around which actors’ expectation converge in a given area of
international relations. Principles are beliefs of fact, causation and rectitude.

Norms are standards of behavior defined in terms of rights and obligations.
Rules are specific prescription of actions. Decision-making procedures are
prevailing practices for making and impiementing collective choice.34
it is in terms of regimes that John Ruggie explains the functioning of multilateral rules
and procedures govering the regulation of many areas of intemational concem such as

the oceans, space and telecommunications, money, trade and health.35

33 H. R. Nau. “Collective Response to R&D Problems in Wesiern Europe”. Lnternational
Organization. 29. No.3, Summer 1975, p.1.

34 5. D. Krasner, "Structural Causes and Regimes. Consequences, Regimes as Intervening Variables®,
in S. D. Krasner, Intemnational Regimes. Ithaca, N, Y., Comell University Press, 1983, p.2.
33 1. G. Ruggie, “International Regimes, Transaction and Change --- embedded Liberalism in the Post-

War Economic Order”, International Orgapisation, Vol 6, 1982.
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Along the same lines, Robert Keohane and Joseph Nye¥ advanced the notion
of "complex interdependence™ to describe the increased integration between post-war
western economies. For Keohane and Nye. domains of "complex interdependence”
function under a set of rules and procedures. More importantly, the future of such
regimes, they argue, is not necessarily tied to the existence of a hegemon but 1o
member-countries' perception of a communality of interest. Thus in contrast to neo-
realists who argue that regimes are only a reflection of American hegemony and that,
consequently, they would not survive American hegemonic decline, regime theorists
maintain that even with the decline of American material capabilities. the international
order that emerged from W.W.11 will last. Central to this argument is the assumption
that international rules and procedures are not only maintained by a hegemon but are
also carried out as a result of a common international liberal spirit described by J.
Ruggie as “embedded liberalism" and defined as a belief that the domestic welfare is
dependent upon the liberalization of the international economy and hence peaceful
relations between states.

Consequently, whereas most37 neo-realists believe that a hegemon is necessary
to keep anarchy at bay, regime theorists believe that the development of modern
capitalism makes the role of a hegemon unnecessary for co-operation. Even in a
situation of hegemonic decline, sovereign states constraincd by problems resulting

from the requirements of capitalist development have no choice but to cooperate. This

36 R. O Kochane and J. S. Nye, “Two Cheers for Multilaterism”, Foreign Policy. No. 60, 198

3 With the exception of Robert Gilpin who does not think that the reduction of American
material capabilities would necessarily result in a collapse of the international cconomic order. R
Gilpin "The Richness of the Tradition of Political Realism”, [nterpatiopal Organisation. Vol 38, 1944,
pp. 295-296.
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requirement for co-operation perpetuates international norms that had been originally
imposed by a hegemon.

Despite this divergence. like neo-realists, international regime theorists also
believe that technological change is exogenous to the system of International Relations.
Science and technology are not components of international political processes but
intervene from without to undermine the territorial aspect of international relations. For
regime and international integration theorists, while science and technology have a great
impact on the international distribution of military and economic power among states,
they also generate global problems such as the rising cost of weapons systems and
scientific equipment, pollution and arms control. These phenomena lead inevitably to
international cooperation.3® The basic assumption here is that science and technology
are prime agents of international change as they lcad inevitably towards the
obsolescence of state sovereignty.3® In other words, there are "international
imperatives of technology” that limit state sovereignty and make international
organizations more preponderant than states in resolving global problems created by
technological change.

This position parallels the view expressed by intcrnational organizations such as
the OECD who claim more authority at the expense of national governments. However.
while it is not clear whether this convergence of views describes reality or represents an
ideology that advocates international integration and the creation of regimes, it is
obvious that it overlooks the power relations (between US and Western Europe) that

¥ E. B. Skolonikoff. The Intcrnational Imperative of Technology. Berkeley, Institute of International
Study. University of California, 1972,

¥p, Schmeder-Gudehus "Sclcuce TeclmologyandForelgnPo!lcy lnlSp;egeIRbﬂngandDdc
Sola Price, Sci echn : O Perspective. London & Beverly
Hills, Sage Publu:unons l977 p48!
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are embodied in technological change. When this theory is used to explain France's
inability to develop an independent computer industry. it points to technological
changes and overlooks not only US capacity to orchestrate technological change
through its weapons programs but also its ability to force these changes on other
countries by shaping their priorities and perceptions on issues related to the use of
science and technology. In fact, in order to make their case for greater international
integration and the emergence of international regimes. international integration and
regime theorists, although they recognize that there are differences in ‘sensitivity and
vulnerability' between countries in various domains of international concern, do not
take into account these differences in the formation and transformation of regimes. ¥
Despite these problems, in comparison to the neo-realist concepts of
power/hegemony, the notion of regime has descriptive power. However, in order 1o be
analytically more useful and to explain change. the notion of regime has to give
theoretical ascendancy to differences in vulnerability between countrics within a
regime, the contradictions that this vulnerability generates and the role of these
contradictions in both the formation and transformation of regimes. In this sense, the
neo-Gramscian concept of hegemony is more useful. Although the proponents of this
concept do not argue in terms of regime, their concept of hegemony allows one to
conceive of “regimes” in terms of hegemony, implying not only the communality of
interests between countries, but also their inequality, vulnerability, and most
importantly class interests and international alliances, the role of political idcas,
perceptions, priorities, opportunities and constraints during the formation and

transformation of hegemonic regimes.

40 j F Keeley. “Towards a Foucauldian Analysis of International Regimes”. International
Organization. Vol. 44, No.1, Winter 1990.

e
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1.1.2 The Limits of the neo-Gramscian Concept of Hegemony and its Analytica!
Usefuiness in the Understanding of International Regimes

Fundamental to Gramsci's thought is the idea that hegemony in one country is

not the result of coercion but an effect of consent built upon the intellectual and moral

leadership of a "historical bloc”. The notion of "historical bloc” is used to describe the
convergence of different social and political forces under the leadership of the most
economically preeminent social class. When this notion of hegemony is applied to IR,
one country's economic power, albeit a requisite, is itself insufficient to determine the
formation of an international ‘historical bloc'. Economic power must be complemented
by political leadership. Thus, for an international ‘historical bloc’ to emerge,
economically-dominant social classes have to make sacrifices for the benefit of the
nonhegemonic groups.
For neo-Gramscians as well as for Gramsci, social and political struggle
followed by political arrangements always precede changes in the economy. For them:
An appropriate political initiative is always necessary to liberate the
th poftical dirction of cenain forecs which have v be abiorbed f a new,
homogenous politico-economic bloc, without internal contradictions, is to
be successfully formed.4!
Gramsci claims that his view is an alternative to classical Marxism's economic
and technological determinism within which political struggle has no theoretical status.
For Gramsci, Marxism can be an instrument for social change only when political

struggle is given theoretical ascendancy. Fundamental here is the view that what

41 R. Cox, "Gramsci, Hegemony and International Relations: An Essay in Method”, Millenaium:
Journal of International Studies, Vol. 10, No.2, 1983, p.168.
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characterizes western liberal societies is not so much the structere of their economics
but political and social processes that maintain hegemony.

Consequently, Gramsci argues that desired changes through social and political
struggle are possible only within these processes. This view stems from the author's
definition of civil society as a two-headed stiucture of power. One part is constituted by
the state's coercive apparatuses such as public administration, legal institutions. and
military and para-military forces. The other part is formed by civil society's institutions
such as political parties, factories, unions, churches and universities. Hegemony is
created and maintained through the institutions of civil society that enforce ideological
conformity and produce consent. In return, these civil institutions are seconded by the
state’s coercive apparatuses.42

Cox draws his view of post-war transatlantic relations from the above definition
of civil society. Similar to the Gramscian model of civil society, for Cox:

World hegemony is ... a social structure, an economic structure, and a

political structure and it cannot be simply one of these things but must be

all three. World hegemony, furthermore, is expressed in universal porms,

institutions, and mechanisms which lay down general rules for the behavior

of states and for those forces of civil socicty that act across national

boundaries - rules which support the dominant mode of production.43

How do these three structures work together to display the Gramscian concept
of hegemony on the world stage? Like neo-realists, Cox also believes that the post-war
transatlantic political structure is dominated by the concentration of military and
economic capabilities within the US. Unlike neo-realists however, Cox maintains that

material capabilities (which he defines as "power overt”) are only one aspect of

——————————————————— |
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international hegemony. Besides material capabilities, he identifies the power of the

ideas underlying the

...broad-based political consensus in the Atlantic states which in effect served
to generate the ethico-political concepts of civilization which cemented the
bloc. The concepts of liberty, modernity, affluence, weifare... were fused into
a concept of ‘the west'...the bloc’s foundations were forged in a balance
between the material forces of national and transnational capital, organized
labor and the state®4.

This is what neo-Gramscians call the sccial structure, also depicted as the
"framework of thought" or the “power covert".45 For Stephen Gill and David Law the
power covert represents the normative aspect of structural power and hegemony46
which allows them to establish the task "...[o]f finding the new transnational bloc and
the way its (neoliberal) discourse and practice suborn dependent classes and pre-empt
their opposition."4? For them, this level of power has a tremendous importance in the
workings of the transatlantic hegemony because it sets the horizon for the subjects’
perception of the possible. Like the Gramscian two-headed structure of civil society,
Cox, Gill and Law's international power structure is defined by "power overt" and
“power covert”. The effective combinatinn of both serves to maintain and reproduce

social and political norms that perpetuate the mode of production. 43

44 5. Gill. American Hegemony and the Trilateral Commission. Cambridge, Cambridge University
Press. 1990, p.49.

45 Robert W. Cox , “Social Forces, States and World Order”, Millennium: Journal of International
Studics, Vol. 10, No.2, 1981 and "Gramsci, Hegemony and International Relations: An Essay in

Method*, Millennium: Journal of Intcrnational Studics, Vol. 10, No.2, 1983 pp. 162-175.

46 5. Gill and D. Law, The Global Political Economy. New York. Harvester, 1988 and «Global
Hegemony and the Structural Power of Capital», International Studies Quaterly, No. 33, December
1989, pp. 475-499.

47 5. F Keeley, “Towards a Foucauldian Analysis of International Regimes”, op, cit.. p.464.

48 5. Gill, opcit. p. 73
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Cox's application of Gramscian ideas makes hegemony in international relations

a power structure of interstate relations that includes transnational forces. Thus, a
hegemonic world order is:

...not an order directly expressing the interest of one state but an order that
most other states could find compatible with their interests, given their
different levels of powei and lesser ability to change the order... The concept
of world order is founded not only upon the regulation of inter-state conflict,
but also upon a globally conceived civil society...39
For Gill, the idea of "global civil society” stems from American plans after
W.W. I to shape Western European economic and political development in a direction
complementary to that of America. This he argues continued through the Marshall Plan,
the formation of NATO and the intemational organizations and regimes of the Bretton
Woods system that mobilized social forces within Europe and the United States.™ For
him, these forces propagated a "New Deal” at the Atlantic level by creating an "Atlantic
multinational bloc". The questions that come to mind are: Was American military-
industrial policy after the mid-1940s similar to that of the 1930s? What was the role of
the US and NATO military strategy in the formation of this multinational bloc? To what
extent did NATO represent the interests of the “New Deal" forces? What was the social
composition and dominant features of this "Atlantic multinational bloc" and most
importantly was this multinational bloc homogeneous as the neo-Gramscians tend to
suggest? While the answer to such questions involves empirical investigation. for neo-
Gramscians the answer is given by the Marxist theory of the capitalist mode of
production. Within this theory, post-war Western military, scientific and technological

changes were all indistinguishably attempts “to increase the rate of productivity

49 R. Cox, gp. cit. p. 45.
30 5. Gill, gp cit, p.126.
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growth" and therefore represent the interest of the transatlantic bourgeoisie.3! In other
words, the capitalist mode of production determines military policy and technological
development through the state effort to correct the falling profit 52 and to increase
capital productivity. While the relationship between military policy and the falling rate
of profit has been rarely submitted to empirical investigation,33 for classical Marxists,
neo-Gramscians and neo-Marxists in general, military expenditures since the beginning
of capitalism have always significd an attempt to overcome economic crisis.>4
Speaking of US military expenditure during pre:ident Ronald Reagan's era, Gill
argued that:

This was a rencwal of the early role of the Pentagon as the major agency in
American 'military-industrial’ policy...the key worry fur the United States
was whether this policy was the most efficient way to raise its rate of
productivity growth which had been declining relative to that of its major
economic competitors during the 1970s. In the hope that it was, the Reagan

51 Ibid, p.14

. p.14.
52 At the heart of classical Marxist view on technological change is the dynamism of capitalism
which according to them gencrates competitive pressure on firms to improve their process of
production as to overcome the tendency of failing rate of profit. According to Marx and Engels:

The bourgeoisie cannot exist without constantly revolutionising the
means of production, and thereby the relation of production and with the
whole relations of society... constant revolutionising of production,
uninterrupted disturbance of all social conditions, everlasting uncertainty
distinguish the bourgeois epoch from carlier onc [F.. Marx & F. Engels,
Communist Manifesto. London 1848, Cited by C. Freemen, «Economics of
Research and Developmem» ln Inl Smel-kbsmg and D. de Sola Pncc,

p 24I

53 . Adams, "Les dépenses de défense: bienfait ou hemorragie pour I'économie américaine”, In
Groupe de Recherche et d'inforination sur la Paix (GRIP), Momento Defense-Desarmement. GRIP
1988, pp. 165-169.

54 See G. Sen, “The Economics of US Defense: The Military-industrial Complex and Ne: -
marxist Economic Theories Reconsidered” Millenium : Journal of Intemational Studies, Vol. 18,
No.2.1987. PP. 179-194. K. Robin & G. Frisvold, "Reagan’s New Economic Agenda: The Military
and the Market", Capital & Class. No.26, Summer 1985, J. Lovering "The Atantic Arms Econoiny:
Towards a Military Regime of Accumulation”, Capital & Class. No.33, Winter 1987, PP. 129-153,
G. Georgiou, "The Political Economy of Military Expenditure”, Capital & Class. Spring, No. 19,
1983. pp. 183-204.
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administration poured enormous funds into scientific education and basic
research,..5

This is the neo-Gramscian view of the American Strategic Defense Initiative
(SDI). It implies that the military has no autonomy from the economic spherc. In effect.
this economic determinism prevents the neo-Gramscian framework from seeing the
way in which military concerns affect the economy and orient technological
development. Thus, since the economy determines military policy, other social actors

and their concerns such as the Pentagon and its concern with air and space defense

have no political significance outside the management of the economy. While these
concerns were at the root of many changes especially in the computer and
telecommunications sectors they are overlooked not only by neo-Gramscians but by
neo-Marxists in general.

Despite the neo-Gramscian economic reductionism of military policy, | believe
that the neo-Gramscian perspective still has useful methodological insights. As Gill put
it, their framework stresses change because their concepts of hcgemony and power
combines both agency and structure thus avoiding analysis in terms of abstract
structuralism.3¢ For Gill, "Structurzss are not simply categories invented by theorists,

rather they are aggregates of responses to given, historically specific conditions. They

involve habits, expectations and anticipation that is how people conceive and act upon
“the limits of the possible".57
This definition of structure renders the notion of regime, as defined by Krasner,

compatible with the neo-Gramscian concept of hegemony. It is not my aim here to deny

55 s. Gill, American Hegemony and the Trilateral Commission. Cambridge, Cambridge University
Press, 1990, p.83.

36 Ibid, p. 231.
57 idem. p.231.
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ideological and epistemological differences between concepts but to describe the way
they are compatible and how they can compensate each others' weaknesses. In
particular Gill's definition of structures as involving habits, expectations and
anticipation according to which actors perceive ‘the limits of the possible’ is similar to
Krasner's “...implicit or explicit principles, norms, rules and decision-making
procedures around which actors' expectation converge in a given area of international
relations”. Most importantly, both integrate the neo-realist notion of power as based on
the predominant country's military and economic capabilities and believe in (to borrow
Lukes' terminology) the significance of "indirect” power: defined by the notion of
"power covert” in the neo-Gramscian framework and seen as “implicit rules” within the
liberal notion of regime. The similarity however goes beyond definition. In both
thecries there is a same lack of clarity. What is referred to as indirect or implicit power
seems very important but neither theory describes it and it is possible that liberal regime
theorists and neo-Gramscians believe that such power resists description.

Indeed, while both perspectives reinforce each others' strengths they also
increase each others' weakness. A hegemonic regime where the elements of "power
covert” or "implicit rules” are so strong, leaves us with a sense of status quo rather than
with a capacity to understand the role of the subject during the formation and
transformation of hegemonic regimes. Moreover, such a regime is unable to explain
why a country such as France that is at the center of the transatlantic hegemonic regime
has always produced a discourse of political independence while concomitantly
participating n the transatlantic hegemonic regime. It is for this reason that I believe the
Foucauldian notion of discourse and Giddens' notion of “structure and agency”
provide useful tools with which to reformulate the concepts of regime and hegemony.

In such a reformulation, it will appear that a hegemonic discursive regime is not a rigid
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set of rules. norms and ideologies that determine behavior but rather describes a reality
of conduct that is situated between a norms-following international system and

subjects’ interpretations and uses of these rules according to their own interests.

1.1.3 Foucault , Giddens and the notion of hegemonic discursive regime

Much of Foucault's work was in the history of ideas. He sought to determine
how in a given period in history certain thoughts and practices were possible rather
than others.58 The concept of discourse for instance refers to a set of statements
produced within the framework of institutions that constrain enunciation. Ultimatcly,
these enunciations are inscribed in a framework that fixes historical, intellectual and
social practices. In Foucault's notion of hegemonic discourse every practice is an
exercise within a context of power relations implying norms and procedures that
separate normal and abnormal practices and give meaning to statements. This definition
of practice is complementary to Giddens' notion of context that according to the author
“cannot be treated as merely the ‘environment’ or background of [practice]. The context
of interaction is in some degree shaped and organised as an integral part of that
interaction..."3® Following both authors, it is possible to argue that a hegemonic
discursive regime is "a body of...historical rules, always dctermined in the time and
space that have defined a given period, and for a given social, economic, geographical

or linguistic area, the conditions of operation of the enunciative function."® Unlike

58 M. Foucault, The Archaclogy of Knowledge. The Discourse on Language. New York. San
Francisco and London, Harper & Row, p. 29, p.171.
59 A. Giddens. i
Analysis. London, Macmillan Press, 1979, p.83.

60 1bid.. p.117
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neo-Gramscians who seek to determine how hegemony prevents opposition or regime
theorists who only see convergence of views and interests, with Foucavult it is possible
to see that resisiance to rules, contests and divergent interpretations of dominant
doctrinc are parts of the institution-building process during the formation and
transformation of hegemonic discursive regimes. By including resistance, contests and
divergence in opinion and interests, it becomes possible to see the dual purpose of a
regime's norms and rules of procedures: first the fulfillment of common objectives and
second the prevention of possible deviance that derives from subjects’ use and
interpretation of the dominant discourse. Under certain conditions of power struggle,
deviance could exhaust the hegemonic discursive regime or certain of its elements.%!
Unlike the neo-Gramsian notion of hegemony that sees only congruence and unlike
the liberal notion of regime that recognizes only the willingness to cooperate within a
regime, the notion of hegemonic discursive regime includes opposition to regime as
constituent of it. According to Kecley (who also uses the Foucauldian notion of
discourse) :

First are actors who accept and cooperate willingly within it. Their disputes

may be technical or over relative positions. Although they accept both the

hegemonic discourse and its apparatus, their discourse could unintentionally

erode the regime...Second are true free riders... These may erode the regime,

reduce its capability , or produce dispute over burden-sharing, but wise

parasites do not destroy their hosts. These (wo groups are community

members who accept the legitimacy of the order. Third are deviants and

rebels, who challenge the order on the basis of subjugated or alternative

knowledge and alternative networks of relations but who are contained within

the regime’s community and thus are pressured to follow its dictates. They

differ from true free-riders in that they want to break up from the

order...Fourth are outsiders and other communities organized in other public
space... They are also targets for regime expansion.52

61 See M. J. Shapiro, G. M. Bonham and D. Heradstveit "A Discursive Practices Approach to
Collective Decision-Making", Inicrnational Studies Quaterly, December 1988, Vol.32, pp.379-419 and
J. F. Keely. gp. cil. p.97.

62 5 F. Keeley. gp. GiL.. p. 97.
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The only problem with this typology is Keeley's confining of the notion of

"actor” to states, which seem to be the sole actors in the "international system”. This
position is in contradiction with regime theorists' argument that the states are not the
only significant actors in the international system and to the neo-Marxist point that the
state is not a monolithic actor. Despite this problem, Keeley's typology brings
important methodological insights since it opens the way to concetving of a variety of
positions and behaviors within a hegemonic discursive regime, including different
positions and behaviors in each member-country of the regime.

Foucault also argues that subjects have a reflexive capacity that enables them to
formulate judgment from their positions and interests in different social spheres that is
irreducible to the dynamic of the capitalist mode of production. Since the economy is
not the only site that determines the subject, the latter is an individual in varying
positions defined by its role within different social spheres. In this thesis these
“spheres” are the military, scientific, technological and industrial domains that are
involved in the creation of event such the digital computer. Consequently. the concept
of hegemonic discursive regime as used in this thesis refers (0 a set of statements that
are drawn out from subjects’ understanding of practices within the military, scientific,
technological and industrial spheres. While this concept does not imply that these
spheres are reducible to each others, it means that practices in these spheres are
accounted for and revealed through statements expressing different beliefs. These
beliefs are not necessarily coherent and cohesive with each other. Coherence and
cohesiveness are guaranteed within a hegemonic discursive regime by the dominant
force that provides goals to the regime and a mode of association between beliefs. For
example, for the military to be associated with science and influence technological

development and industrial production, we need a strategic alliance (between subjects

4
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in these spheres of activities) that itself in policy-making practice would result from

political struggle between contending views and interests.

In the above sense, what makes a hegemonic discursive regime a process of
change is not its economic and technological content but the interaction between the
ibjects’ beliefs and actions involving moments of reflexivity. As Anthony Giddens
maintains, this reflexive moment is "called into being in discourse that breaks into the
flow of actions which constitute the day-to-day activity of human subjects. Such a
moment is involved even in the constitution of ‘an’ action or of ‘an act' from the durée
of lived-through experience."63 According to Giddens again, the moment of reflexivity
implies that "action" or “agency" is “... a continuous flow of conduct involving
intervention [that cannot] be fully elucidated...outside the context of historically located
modes of activity ."64

In keeping with this definition of agency, the concept of discourse does not
refer only to formal rules and procedures or ideas and ideologies. It is not the linguistic
interface of practices but the interdependence between beliefs and actions. Such
interaction is deployed in an international context in the form of a hegemonic discursive
r--ime whose cohesiveness, change or demise is not determined by the economy or
technology but by the interaction between human subjects that create historical events.
Foucault's notion of discourse and Giddens' definition of action make the structuralist
attempt to penetrate below the level of subjects' belief and action useless.®> According

to Foucault, this methodological position implies that

Ana!xns London, Mxmnllaaprm 1979 p. 55.

64 Ibid.. pp.55-56.

63 G idens’ critique is addressed 10 both Parsons’ and Althussers’ notions of actors: "Parsons via
the action «ramework of reference and Althusser through his ‘theoretical anti-humanism'’ - each reaches a
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...we must renounce two linked. but opposite themes. The first involves a
wish that it should never be possible 10 assign, in the order of discourse, the
irruption of real events: that beyond any apparcnt beginning - so secret and
so fundamental that it can never be quite grasped in itsclf... To this theme »
connected another according 10 which... The manifest discourse ... is really
no more than the repressive presence of what it does not say: and this 'not
said' is a hollow that underminces from within all that is said ¢
In the same line of argument, Giddens also rejects “the methodological tactics of
beginning analyses by discounting agents' reasons for their actions... in order to
discover the real stimuli to their activity, of which they are ignorant. Such a stance ...
is one with strongly-defined and potentially offensive political implications. It implies a
derogation of the lay actor."®? In other words, "Discourse must not be referred 1o the
distant presence of the origin, but treated as and when it occurs”.%® Therefore, in the
case of this thesis, there is little need (o refer to the dynamic of the econonty in order to
understand discursive events or changes within military policy, science policy or
computer technology policy. What is important in turn, is the search for the particular
power relation, the strategic alliance or more practically the project that associates these
domains and encodes them politically in a cohesive fashion to form a regime. Power
here is a relational concept that is related to human agency and operates as a
transformative capacity through the use of resources that are generated by the structure
of domination within a regime. In the case of transformation of regime, it is again this

human agency that creates new events, gives new meanings to regime's elements or

creates new ones.

position in which subject is controlled by object. Parsons’ actors are cultural dopes, but Althussers’
agents are structural dopes of even more smunmg medmcnly A. Giddens, w p.S2.

67 . Giddens, mn.. p.71.
68 Ldem p.25
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The refusal of external determination of discourse and the focus on the subjects
action within a given structure of power relation form for this thesis the epistemological
ground on which | justify my use of "evenemential” or epochal®¥ and experiential
methodological approaches. In political : cience the material that is the candidate for
such approaches are public utterances that can be located in policy promulgation, policy
report, official letters and notes, books and articles describing doctrines, goals,
perceptions, experiences and actions. According to F. Miige Gogek:

The evenemential approach problematizes the event ... by focusing on
sources of evidence often embedded in public discourse to historically
reconstruct the structure and agency involved in the event. The experiential
approach explains patterns in history thmugh the interpretation, typically
utilizing sourccs of evidence located....in the...discourse to illuminate the
role of agency.?

In contradistinction to the liberal notion of regime. the concept of hegemonic
discursive regime based on epochal and experiential methodological approaches
"...introduces a sense of reflexivity that takes into account both the social structure and
human agency in the formation of events."”! Because structure and agency occur
simultaneously in the formation of events, Jane Jenson argues there is no need to
privilege structural analysis over "agency-centered arguments” or to take the opposite
methodological stand. She maintains that

History is a set ¢{ ammangements experienced by cach acior as the constraints

within which actions occurs. Yet if actors are endowed with the ability to
act...then their actions must be seen as creative of the differemt histories

69 As F. Mige Gogek put it "evenemential is the anglicization of the French word
evenementiel, a concept coined by Lucien Lefebvre but theoretically anticulated by Fernand Braudel.” F.
Mige Gigek. "Whither Historical Sociology", Histerical Methods, Vol. 28, N°2, Spring 1995, p. 16.
See also W. Sewell "How classes are made: Critical Reflexion on E.P. Thomson's Theory of Working
Class Formation™, in H. Kaye & McCleliand (eds), _E. P. Thompson Political Perspective. London:
Polity Press, 1990.

70 . Mige Gogek, “Whither Historical Sociology”, op. cit. p- 107-108.

H Ibid
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which they live. Thus focusing of the politics of actions 1 as smportant .
. . Y
structural analysis: neither can be abandoned ~

In this sense. H is not only actions that matters. Also of equal importance s the

capacity of an actor to account for its action or in other words its reflexive capacity that
obliges the analyst to think both in terms of struct re and agency. In sociology, as
Giddens maintains, the methodological insight of such assumption 1s that the concept
of structure does not imply a model posited by the analyst but rather a recogmition ol
“the existence of: (a) knowledge... of how things are to be done (sind, wnitien), of the
part of social actors; (b) social practices organized through the recursive mobihisation of
that knowledge; (c) capabilities that the production of those practices presupposes.”™?
In a policy-making context. following Jenson, such knowledge constitutes a
“lulniverse of socially constructed meaning resulting from political struggle” ™. This is
what Jenson defined as the "universe of political discourse”, a concept implying a
relation of unequal power and where “{t]he parameters of political action are estabhished
by the process of limiting the set of actors...the range of issues considered within the
realm of political debate: the policy alternative considered feasible for
implementation."7*

The concept of universe of political discourse and that of hegemonmic discursive
regime are closely related since both refer to hegemonically constructed norms and
procedures of interaction that give meaning to a variety of issues and at the same tme

constrain and enable political action. However, differences between international and

72 ), Jenson, “Ideas, Space and Time in Canadian Politcal bconomy™, Studics 1 Political L onginy.
(36), 1991, pp. 49-50.

73 A. Giddens, A Socsal
Analysis. op. CiL.. p-64.

74 5. Jenson "Gender and Reproduction: Or, Babies and the Suate”, Studics 10 Politic al Economy. (20)
Summer 1986, pp. 25-26.

S1bid., p. 26.
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national levels of action lead me to return to the concept of hegemonic discursive

regim.. _ere. International relations, norms and procedures are subject to both
international and national levels of mediation and this make them less rigid than the
norms and procedures of social interactions within a nation. For instance, at the
international level, despite the structure of domination that makes the US, the hegemon,
international norms and procedures are negotiated through international political
institutions such as NATO) and the OECD that have less power of decision and sanction
on member countries than the power of sanction that national institutions have on their
citizens. For example, in accordance with a defense policy that requires certain types of
computers, the US government can induce and ultimately oblige company such as IBM
to build these computers. However, although the US is dominant within NATO, the
latter as representing a coalition amongst sovereign states cannot oblige the French
government to buy these computers. Althoagh US defense and technology policy
influenced the formation of transatlantic nor:ns and procedures, the latter still had to be
negotiated within each sovereign nation's social fabric and internal power struggle. For
example, when France adopted US defense and computer policy, the latter were
tra :slated through French "national interest” that itself was socially constructed since its
meaning depends upon internal unequal power relation and political struggle between
institutions. Indeed, despite French participation in NATO's military communications
structure, the French government decided to build its own computers, albeit with
American technology. This is to say two things. First, an exact replica of international
norms and procedures from a national context to another is hardly possible given the
difference in member countries social fabric that makes the boundaries of inter-state
interactions more flexible than those of interactions between the citizens of a nation.

The concept of hegemonic discursive regime is not only compatible with the concept of

e
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universe of political discourse but, given the interaction between national and
international factors in policy-making, these two concepts are complementary. Thus,
while the concept of hegemonic discursive regime will determine the international
context of the parameters of national policy making, the mcthodological insights
provided by the concept of the universe of political discourse i. e. the inequality of
power between the group of actors on which is based the construction of the universe
of meaning will be used to show how these parameters are negotiated though internal
power struggle.

Having specified the problems that makes the use of the concept of hegemonic
discursive regime necessary, before explaining its use in this thesis it is indispensable
to eliminate the redundancy that it contains. I therefore drop the notion of hegemony,
because in my discussion of the liberal notion of regime and the neo-Gramscian
concept of hegemony, I reached the conclusion that the former implies the latter.
However, as I argued before, if a regime is conceived of in terms of hegemony, it
becomes difficult to understand the divergence of interests amongst participants, the
inequality of power in the formation of norms and procedures and to elucidate the
simultaneous occurence of structure and agency in the formation of events. For this
reason, I keep the notion of discourse which implies reflexivity and Giddens' and
Jenson's view of simultaneous occurrence of structure and agency in the formation of

historical events.

Given this conclusion, first, for this thesis, the concept of discursive regime in
the area of Information and Computer Technology refers to a number of policy
statements specifying beliefs, goals and decisions such as those involved in defense,
science, technology and industry and actions that are the implementation of these

decisions. Second, I argue that the digital computers as we know them today arc

e —————————————
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shaped by agency represented by the US Air Force that imposed its doctrine of air
power and its priority of air defense on US military establishment. It should be noted
that there is no theoretical reason to start my analysis by the role played by the US Air
F irce in the development of digital computing. The reason is rather historical; that is
because the US Air Force was the first institution that saw digital computing as the best
way to deploy its military strategy. Third, the forces that shaped the French choice for
asymmetrical interdependency in the area of electronics are not only those of power in
neo-realist terms or only implicit and explicit norms as regime theorists would argue or
solely the economy as neo-Gramscians maintain. While all these forces were present in
different spheres, 1 argue that they were organized by the US Air Force through NATO
and the OECD to form a transatlantic discursive regime that shaped the French choice in
ICT through internal power struggle. My fourth assertion is that the successive French
governments in the period 1945-1981 never adopted a policy of technological
independence with regard to the computer industry, despite the French Ministry of
Science and the French Delegation for Scientific and Technical Research (DGRST)'s
will to do so.

As | argue that the transatlantic discursive regime originated first in the US
military sphere, the statements and enunciations of Chapter Two are drawn from
testimonies by air power advocates during the formation of air power. In order to
analyze the relationships between “air power" as a notion implying a military belief and
“digital computer” as a resultant of an action according to this belief, the corpus of this
chapter is completed by books produced by the US Air Force Historical Division and
the Smithsonian Institute Press. I use these primary and secondary sources to
determine how the notion of “air power" came to dominate American military strategy

and laid down a knowledge of how to build an air defense system. From these sources,
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I also show how the late 1940s conception of air defense influenced computer
technology and finally demonstrate how the notion of air power, air defense and
computer technology evolved in tandem in the formation of a discursive regime in the
realm of information technology in the US. I analyze the Air Force's strategic
representation through the relationships of "air power". "nuclear deterrence”, "massive
retaliation” and "real-time". This representation had geopolitical implications (the
collapse of the inside and outside, the global and the local) that would allow the Air
Force to impose its ideas on internal US military decision-making regarding the atomic
bomb and to monitor events of military importance worldwide. To show how this
representation became a discourse, | demonstrate the way the Air Force's strategic
views were translated into institutional mechanisms, decisions and actions within the
US universe of political discourse in ICT.

The discursive line (or in French le trait discursif) that I draw from these
secondary and primary sources can be summarized as follow: The need to prevent an
atomic war in the late 1940s implied the primacy of "air power” that emerged as the
first discursive element of the regime . This first element implied a second: the
centralization of military offense and defense structure. As the Air Force became the
most important arm of nuclear deterrence, in the late 1940s, it associated the realm of
science and technology to the military according to its own views. This was because
the development of air power required the establishment of permanent rather than ad

hoc scientific and technical research institutions whose work evolved in relation to

changes in defense objectives beginning from the mid-1950s. The establishment of
permanent scientific and technological public institutions in peacetime and under the
supervision of the Air Force was the origin of the third discursive element: a science

policy based on the forecasts and predictions of defense requirements in the future that
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was implemented in the early 1960s. The articulation of these three discursive elements
directly affected the shape of the Semi-Automatic Ground Environment (SAGE) air
defense system and its digital computers in the late 1950s. In order to show this, I use
testimonies provided in the Annals of th- History of Computing by US engineers who
built the SAGE system. | show that the construction of the SAGE digital computer
was an expression of the primacy of the Air Force's view. Important here is my
assumption that technological artifacts such as the SAGE digital computers that became
the paradigm for the global computer industry did not originate outside defense policy
to determine US defense strategy. Rather, the SAGE computers emerged from within
the structure of unequal power relation within the US defense decision-making process
and thus embodied this power relation. This is why this chapter establishes the

relationships between military concepts such as: "air-power”, "air defense” and
“centralization of commands" and technological notions such as “digital processing".
"time sharing" and "real-time" computing (in the late 1950s) in the formation of US
universe of political discourse in ICT. 1 show in other words that, the SAGE system
was thus built according to the requirements of air-defense which materialized the
centralization military of command structures by the means of digital / real-time
computers that had "time sharing” capability. The building of this capability structured
the change in the computer industry from “batch processing” and analog techniques to
“time-sharing” practices and digital techniques. The relationship between these
elements reveal a particular mode of association between the military, scientific,
technological and industrial sectors related to ICT.

In summary, the elements of the US universe of political discourse in ICT that
later influenced the formation of the transatlantic discursive regime can be divided into

two categories. Some are general guidelines originating in the United States after the

e —————
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war and became a basis for policy practice at the transatlantic level: (1) a "big science”

element involving research and development in major scientific fields such as nuclear
energy, acrodynamics, electromagnetic radiation techniques. electronics and space
research, (2) a military-oriented science policy which implied (3) a permanent rather
than ad hoc interaction between government officials and scientists and (4) a link
between defense policy and science policy objectives. The other elements were specific
to the computer industry: the government role in forcing technological change in the
computer industry from analog to the digital, the fusion between the computer and
telecommunications sectors, the use of standard digital computers in the areas of
transatlantic defense and telecommunications and the common transatlantic military and
economic interest in achieving standardization of electronic components and inter-
operability between the computer systems of different national origins and finally the
emergence of middle-sized general purpose computers in the mid-1960s. During the
period analyzed by this thesis, these discursive elements of the regime constituted an
ensemble of knowledge applied by actors during their interactions and expressed their
capabilities to enact processes in the military, scientific, technological and industrial
spheres related to information and computer technology.

Chapter Three shows how these elements were transmitted by the US Air Force
in Europe via the OECD and NATO. I seek to determine how problems related to
defense, science, technology and industry were perceived and prioritized by both
organizations. This analysis will show that the same elements that emerged from the
US military, scientific and technological spheres formed the transatlantic discursive
regime during the 1960s. Between the late 1940s and the late 1950s, the Pentagon and
NATO diffused American electronic standards in ICT to Europe through a general

framework that expressed the need for transatlantic rationalization, standardization and
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interoperability in military procurement. This framework was accepted by Western

European governments and was carried out through industrial alliances between US
and European firms.

While the liberal regime theorists would argue that this was the dynamic of
technology at work, the neo-Gramscians would view this as an attempt to increase the
rate of profit. My argument is that this framework was not an effect of an economic or
technological dynamic. It was rather a result of an interaction between actors in the
military, scientific, technological and industrial spheres under the leadership of the US
Air Force. This interaction formed the transatlantic discursive regime. The latter was
not a rigid set of ideologies and rules but only a general framework of guiding
principles susceptible to change given its various interpretations by the regime's
participants. Indeed, by the end of the 1950s, after the reconstruction of Western
European defense industries, a political dispute about Western Europe's “technological
gap" vis-a-vis the US emerged within the transatlantic discursive regime. This dispute
ended the processe of standardization and rationalization and created a controversy over
interoperability. While, for the US, interoperability meant that American equipment
would be common to all members of the Alliance, for the European members, it meant
compatibility between equipment of different national origin. For the Europeans, after
post-World War II reconstruction and the consequent dependence on US money and
technology. t!« objective of interoperability was to favor more interdependent
technological relations between the two sides of the Atlantic. In the early 1960s, these
conflicting interests were mediated through the OECD where the American way of
managing science and technology was diffused and through NATO where inter-
operability between military equipment of different origins was encouraged. Thus,

through the concept of discursive regime it is possible to show that the inequality in

e
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military, technological and industrial capabilities between the US and Western
European countries provoked resistance to standardization and led to a transformation
from transatlantic standardization and European dependence to interoperability and
interdependence between the two sides of the Atlantic.

Chapter Four shows how this regime transformation led to the development of
an interdependent computer industry in France. Here is where the typology laid down
by Keeley and Jenson's view of a socially constructed universe of meaning and her
idea of power struggle during policy formation enter the analysis. In this chapter, 1
appropriate Keeley's typology not to oppose France to the US but to describe the
variety of actors, their positions and alliances within the French policy process. |
specify how French institutional actors and firms during their interaction in the pre-Plan
Calcul policy process (1962-1965) used transatiantic discursive elements to account
for their conducts, to enact policy and to oppose each others’ views. 1 show that the
French office of the Prime Minister, the Ministry of Science and the General Delegate
for Scientific and Technical Research’s argument for an independent computer industry
was based on their use of two discursive elements: "big science” and the role of
government in forcing technological change on firms. These institutional actors did not
support the idea that the French computer sector should depend on the military or that it
should be fused with the telecommunications sector. They wanted an independent and
market-oriented computer industry. This position made them allies of the Compagnie
des machines Bull (CMB), the first French computer maker that itself was the ally of
the Radio Corporation of America (RCA). On the opposing side, was the Comité de
Coordination des Télécommunications (CCT), the Commissariat générale du Plan , the
Comité permanent pour l'électronique du Plan (COPEP) , the Direction de lu Recherche

et des Moyens d’Essai (DRME) and the Délégation ministérielle pour l'armement
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(DMA ). These technical institutions also supported the idea that the government should
force technological change in the industry, but, in addition, they advocated
interdependence which implied the use of American digital computers and American
electronics components in the areas of defense and telecommunications in order to
achieve transatlantic inter-operability, to build particle accelerators, an aerospace
industry and an independent French nuclear force (force de frappe). Their industrial
allies in this debate were the Société d'Electronique et Automatisme (created by an air
force engineer in 1947), the Compagnie des téléphonies sans fil (CSF), the Compagnie
Générale d'Electricité (CGE), the Compagnie des Compteurs (CdC) whose respective
American allies were Thompson Ramo Woolridge (TRW), Scientific Data System
(SDS) and Packard Bell. During the struggle this set of institutional actors and their
industrial allies were better positioned than the office of the Prime Minister, the
Ministry of Science and the DGRST. This was because military independence and
telecommunications were more important presidential priority (in post-war France) than
the idea of technological independence and they thus targeted equipment development
and not basic research’®. It was according to this equipment development policy that
the outcome of the debate between the two sets of institutional actors was decided in
favor of telecommunications and defense.

Chapter Five shows that the Plan Calcul was the outcome of this struggle. It
describes French developments during the Plan Calcul and its aftermath. The corpus of
this chapter is constituted of letters and notes collected from French contemporary

archives. This corpus is completed by testimonies produced during two colloquiums

76 According to P. Cohendet and A. Lebeau in the French nuclear, telecommunications and space
pohcy although some research was included. the French government's effort was essentially on

equipment development. P. Cohendet and A. Lebeau, Choix strategiques ¢f grands programmes civils,

Paris, Economica 1987, p.9.
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([in 1989 and 1990] on the history of the French computer industry) organized by
academics, civil servants and industrial leaders who participated in the first phase of the
French Plan Calcul (1966-1968). It shows that the meaning of French political

independence was not autarky as neo-realists argue but rather the freedom to use
American technologies without restriction. The development of French political
independence by means of technological interdependence was in conformity with the
early 1960s OECD science policy and NATO inter-operability requirements. The
military and telecommunication orientation that made French industry depend on US
research won over the nationalistic perspective that sought to develop French integrated
circuits. .

Chapter Six demonstrates that although the French and gencrally other
Europeans acted within the framework of asymmetrical interdependence with the
United States, their efforts to achieve interoperability between different computer
systems ended in a greater incompatibility between telecommunications equipment.
Conscquently, in the late 1960s, NATO set new communications requirements and
questioned the practice of interoperability. These new requirements re-opened the
disputes over the European “technological gap” that threatened (o erode the capabilities
of the transatlantic discursive regime to cope with the issue of electronics, computers
and telecommunications. On this occasion, nationalistic forces in France (within the
DGRST) came forward with a proposition to liberate not only the French but the entire
Western European electronics, computers and telecommunications sectors from

American interesis. Thus, these forces questioned NATO and the OECD's roles and

proposed that the EEC was the best framework for Europeans to build their
technological and industrial identity separate from the US. Here, again, the process did

not reflect the neo-realist free-riding hypothesis since, among these actors, only the
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DGRST and its associate the Comité Consultatif pour la Recherche Scientifique et
Technique (CCRST) wanted to break free from the transatlantic ICT regime. In effect,
the other French institutional actors in defense and telecommunications pursued
cooperation with the American govenment and companies. European member-states of
the EEC and their companies also rejected on different economic, technological and
political grounds the idea of a European technological fortress. Consequently, in order

to enable the regime to cope with NATO requirements and French nationalism, the

clements of the transatlantic discursive regime were re-arranged into a new fashion to
allow for the formulation of a new policy. In 1968 under the influence of the US
Department of Commerce, NATO and the OECD, the "big science” discursive element
was replaced by a more socially and economically-oriented science policy, government
as principal agent of technological change was replaced by multinationals.
Furthermore, inter-operability was abolished in favor of Compatibility in Manufacture
and Supply Services to upgrade NATO telecommunication networks and to establish a
civilian transatlantic data-processing network: the Integrated Management and
Information System (IMIS). This was the new regime within which France's ICT
policy evolved iz the period 1974 -1982. Even within this new context the French
government maintained interdependence. Despite American pressures towards the
liberalization of electronics trade, the French government was still present in the
industry. But rather than building an independent ICT industry the French government
adopted a triple strategy: First it maintained national control over an important segment

of the industry; second it encouraged the formation of alliances between French
clectronics firms and American electronic components producers and later adapted the
DGRST nationalism to a common European policy in electronics.
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Chapter Two

THE EMERGENGE OF THE DISCURSIVE REGIME AND ITS
CHANGE OVER TIME

2.0 INTRODUCTION

Having argued in the previous chapter that the military, the technological and
the economic are interdependent spheres of activity, I went on to claim that it is
important to investigate how all these spheres were interconnected in a given power
relation and formed the elements of the discursive regime in the US. I maintained that
the discursive regime in ICT that originated in the US represented a particular
association of the military, technological and industrial spheres under the US Air
Force's leadership within the US military establishment. Rather than overlooking the
military and taking into account only the technological, as liberal regime theorists do, or
the economic sphere, like the neo-Gramscians, the concept of discursive regime has the
advantage of showing how the US Air Force associated the military, science and
technology and laid down the discursive elements that emerged from this association (o

form a universe of political discourse in ICT in the United States.

To show the US Air Force leadership within US military establishment, I first
describe the struggle between US military services over military strategy in the 1920s
and early 1940s. In analyzing this period, I found 1944 (0 be a turning point in US
military history both in terms of military thinking and technological practice. After two
decades of controversy between the Army and the Navy on one¢ side and the Air Force

R
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on the other, over the use of airplanes in military operations, in 1944, the Air Force
took over US military policy and imposed air power as the de facto US military
doctrine replacing the earlier concept of naval-power. The consequence of this change
was profound for the relationships between rilitary policy and scientific research.
Scientists were no longer subservient to military needs and became equal partners of
military strategists. They were used not only to fulfill daily logistics requirements but
also to help define military strategy and to predict future military needs.

The second part of this chapter is concerned with the relationship between
science, technolugy and air power in the US between 1944 and 1963. Although inter
service conflicts over budgetary resources were important in this period, I argue that it
would be simplistic to view the whole process in terms of this dispute. Besides the
interdepartmental struggle over resources, there was also a confrontation over how to
manage scientific and technical resources in peacetime for current and future US
defense. This confrontation divided the US armed forces establishment into those who
favored the emphasis on day-to-day requirements and those who preferred greater
focus on future military preparedness. It was a confrontation between an emphasis on
basic rescarch versus a focus on development which ended in the carly sixties with the
creation of two institutions, the Air Force Sysiem Command (AFSC) and the Air Force
Logistics Command (AFLC). Together, both organisms integrated forecast research
with development objectives within the framework of Project Forecast that linked
American science policy to foreign policy.

From the 1960s on, the AFSC and AFLC monitored research and development
programs not only in the US but also in Europe through scientific and technical
organizations attached to NATO and the OECD: the European Ofiice of Scientific
Research (EOSR) created in 1952, the Advisory Group for Acronautical Research and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




57

Development (AGARD) created in 1954 and, in 1962, four years after the creation of
the OECD in 1958, the OECD's Directorates of Scientific and Technical Research were
also set. This was the context for post-war electronic development in the United States
and in Europe.

2.1 THE POST WORLD WAR I AIR POWER DOCTRINE AND THE DEBATE
OVER US DEFLNSE ORGANIZATION

As Clausewitz says tactics are about how battles are fought. But where. why
and when is a matter for strategists and political decision-makers to decide.”?
However, in the real world, by the late 1890s, this clear-cut distinction had been
blurred by the notion that a nation could wage and win a war only if it had “command
of the air" using dirigibles.® This implied that a victory could be decided in the first
engagement by acrial means and that, therefore, there was no need for surface forces 1o
meet in the initial engagement. This is an anonymous rule whose origins are unknown.

It is, however, important to note that this axicm was not determined by change
in military acronautics which was inexistent at the time.™ It emerged before airplanes

for strategic deployment were developed and therefore it was autonomous from the

77 C. von Ciausewitz, On_War, Book Three: Of Strategy in General. New York, Penguin, 196K
According M. De Landa, "Whilc tactics seck to integrate men and weapons in order o win single
battles, strategy seeks to integrate baitles together to win entire wars.” M. De Landa, Wiy 1n the Age
of Intelligent Machipes. Cambridge, MA and London, UK, The MIT Press, 1944, p. 83

78 L. Kennet, A History of Suaicgic Bombing. New York. 1982.

79 According to L. Kennet:

The popular literature of the late nineteenth century because of ats
scientific and futuristic clements, had more than a casual relatonshup 1o the
dawn of air power and, more particularly, to perceptions of that power. ..
When the armed airship did finally appear, it was already fambiars to popular
mind. Not only was the weapon expected, but its role and functions had
already been envisoned ... Here a centain “fantasy factor” operated, so when
airships and airplancs appeared, extravagant and impossible things would
sometime be expected of them {L. Kennet, op, Cit,. p 8.}

—
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economic and technological spheres. In the early twentieth century, this axiom
influenced many changes in the design of battleships, the dispersion of troops on the
battleficld and new standards for the construction of fortresses. It was thought that
during a war, the main work could be achicved "in the air and the arrival of an aerial
fleet over the enemy™'s stronghold would conclude the battle in favor of the force that
engaged the first aerial strike.*0
Since then, air power advocates have considered the yet-to-be developed
strat2gic airplanes as decisive weapons. In practice however, during World War 1,
airplanes offered only tactical support for ground troops in reconnoitering the enemy's
position and their aitbome guns and bombs were engaged against surface forces (o stop
the advances of the enemy. From these practices, the concepts of "close support” and
"interdiction" emerged to describe aircraft deployment in military operations. This
tactical exclusivity of the use of aircraft did not last long. Soon after the end of World
War 1, the late XIXth century view of airplane< as strategic means and decisive
weapons re-emerged. According to Paret et al.,
By the end of the war, spurred on largely by the German raids over
England, yet another vision arose - that of aircraft operating independently of
armies and navies. The task of such forces would be to attack targets far

removed from the battle lines, with the aim of destroying essential elements
of the enemy's capability to wage war by bombing his factories,

transportation hubs, and centers of government 8!

Although unsuccessful in terms of battle decisiveness, the German raids of
World War I paved the way for a controversial new air power doctrine. As stated by a
British air squadron lea-er in 1927, the air power doctrine contained five principies- (i)

it was impossible for the navy to prevent raids at every point and there were immense

80p. Parei er al . Makers of Modern Strategy. Princeton, N.J.. Princeton University Press, 1986, p.
627.
81 Ibid.. p.628.
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advantages to be gained by continual offensive in the air against enemy aircraft, (i) air
superiority was an essential preliminary for either naval or military operations, (iii) the

maintenance of air superiority was essential to the success of subsequent military

operations, (iv) air-power in defense have both naval and military advantages, (v)
given air superiority it was thought possible for landing operations to be undertaken
with a smaller naval and army forces.82

The doubt generated by this argument lay in the fact that airplanes had never
achieved such primacy in wartime. Moreover, the development of aircraft was stifl in
its infancy. As pointed out by the same author,

How effective aircraft can be against vanious types of vessels has yet to he

determined. Certain experiments have been made since 1918, but the reports

available are scmewhat meager and live on in an unhappy state of

uncertainty. At all events there secems too fittle in the way of definitwe

material on which to base a satisfaciory conclusion.83

Despite these widely-recognized problems, in the United States, throughout the
1920s, a group of air commanders ceaselessly promoted air power as a determinant
factor in modern -'arfare, claiming that fighter and bomber planes could destroy any
battleship and a nation needed only airplanes for defense against foreign invasion. They
assumed moreover that airplanes could guarantee rapid victory and that it was therefore
unnecessary for surface forces to meet in battle. Through strategic bombing, these
airmen argued, an enemy nation could be defeated before its army reached the
battlefield. These views challenged all military experience and, for this reason, they

were unacceptable to the US military establishment .84

82 Squadron Leader, (the author did not give its name) Basic Principles of Air Warlare, Aldersshot,
Gale and Polder Lid, Wellington Work, 1927, p.84. This is a rare document that gave a critical of view
on air power in the late 1920s.

83 Ibid,

84 This doctrinal divide on the use of airplanes became the focus of an ideological struggle
between the forces of change and those of inertia in the US military establishment. The socio-political

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



By the end of the 1920s, when the US War Department disputed these claims,
General Mitchell (an air commander) straightforwardly advocated the separation of the
Air Force from the Army and engaged in an effort to rally public opinion in order to
oblige the government to respond to his demand. The result of this unconventional
political action was the opposite of what might have been expected: Mitchell and his
followers, instead of gaining power, lost credibility in the eyes of the Ceneral Staff of
the United States Army and General Mitchell was obliged to retire after a court-
marshal .85

In this struggle beiween the Air Force and the rest of the US military
establishment, the former had neither the status nor the resources to impose its ideas.
Despite these disadvantages, Mitchell's forced retirement had limited success in
eradicating the air power discourse; the statement of the decisiveness of air power

survived General Mitchell's retirement.

aspect of this situation has been thoroughly described by Brigadier General William Mitchell who
stated that:

The armed services of a nation are the most conservative elements in its
all make-up... The tradition among all the armed services is much older than
any government. more conscrvative than any government department, and
more sure to build on a foundation that they are certain of, rather than to take
any chance of a making a mistake. As they have changed so little in their
methods and ways of conducting war for so many centuries, they always look
.2k to find a precedent for every thing that is done....in the development of
air power, one has to look ahead and not backward and figure out what is
going to happen, not so much what has happened. That is why the older
services have been psychologically unfit 1o develop this new arm to the
Jullest extent practicable wirh the method and means at hand [my emphasis)

Bng General Wllham Mnchcll «The Developmem of Air Power» Excerpts from thllam Malchells

G.pP. Pumam Cums pubhshmg Co 1925 Repﬂn!ed in E M Emme Ithmpm_qLAu_&m;L

National Sccurity and World Politics. Princeton, N.J., Toronto, New York and London, D. Van
Nostran Inc., 1959, p.174.

K5 J. 8. Underwood, i W
Administration, 1933-194]. Texas, A & M Un:vcrs:ly Press, 1991, pp. 34.
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In 1933, when Franklin D. Roosevelt became president of the United States. he
inherited this situation.®¢ Other air power advocates maintained that air power had
defensive as well as offensive potential that could not be fully exploited if airplanes
were envisaged merely in terms of support to surface troops (navy and army
elements). They proposed the creation of a unified General Headquaters (GHQ) for the
Air Force that would plan scenarios and pre-emptive air strikes at the heartland of the
enemy country in order to stop the arrival of men and material on US shores. Assumed
in this reque: . was the ability of a potential enemy to build an air capability similar to
one envisioned vy US air power advocates. To avoid placing the United States at a
disadvantage, the US government, they argued. should support the construction of a
strong and well-structured air system (defensive and offensive) in an integrated chain
of command. These demands were again rejected by the General Staff®?. In fact, air
power advocates faced not only the US military establishment's opposition, but also,
an entire military discourse and technical deployment that, until then, had maintaincd

de-centralized defensive and offensive commands. The next section will describe the

86 Three other generals: Oscar Westover; Henry H. Arnold and Frank Andrews engaged in a
renewed effort 1o convince the General Staff and the Roosevelt Administration that the Army Air Foree
(AAF) was no longer separatist and was willing to elaborate deployment concepts for the use of
airplanes in concert with the other forces. Despite their conciliatory tone, the generals still believed
that military aircraft could achieve decisive outcomes in war. Based on this assumption, they requested
that air power decision-making centers previously divided among the various ground commanders be
concentrated in one General Headquarters (GHQ). 1. F. Shiner, Foulois and the US Army Air Corps:
1931-1935, Washington DC, USAF, Office of Air Force History, 1983, p. vii.

87 The rejection of the air defense system was on the ground that in the mid-193(s.
...no type of airplane has been developed capable of crossing the Atlantic or
Pacific with an effective load, attacking successfully our vital arcas, and
returning to its bases....

The “air invasion of the United States” and the “air defense of the Unnted

States" are conceptions of those who fail to realizc the inherent limitations
of aviation and to consider ocean barriers. Aircraft in sufficient numbers to
threaten serious damage can be brought against us only in conjunction with
sea forces or with land forces which must be met by forces identical in nature
and equally capable of prolonged effort

J. F. Shiner, Foulois and the US Army Air Corps: 1931-1935. 0p. ¢it.. p.* 5.

R
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use of calculating machines in this technical deployment after World War I in order to
show how this deployment did not favor the emergence of digital computers.

POST-WORLD WAR I U.S. AIR DEFENSE AND THE USE OF CALCULATING
MACHINES IN TACTICAL AIR POWER

I suggested in Chapter One that computers as we know them since 1957 were a
result of the particular discursive regime that originated in US military sphere, after the
air power discourse became dominant. In order to appreciate the role of of air power, it
is necessary to describe military calculating machines used before the 1950s. In the
United States, until 1944, different machines were conceived for special purposes:
shipcraft and aircraft stabilization; ballistic firing tables calculation; aircraft homing and
almost none for communications. These computers reflected the de-centralized
command structure mentioned above.

Despite repeated demands by air power advocates, during and after Word War
I1. Army and Navy establishments maintained the Air Force and air defense systems
within a tactical deployment that ignored claims for an integrated chain of command.
According to this tactical deployment, several Ground Controlled Interception sites
were located in the US and abroad. Within US territory, these sites were under US
Army control and consisted of one or two search radars, a heigth-finder radar, and
ground-to-air and air-to-ground communications systems®8 designed and manufactured

by Bell Labs and the MIT Radiation Laboratory.89

8“ M. M. Astrahan and J. F. Jacobs, «History of the Design of SAGE Computer - The AN/FSQ-7»,

Annals of the History of Computing, Vol.5, N°4, October 1983, p. 340.
89 C. Towns “From Radar Bombing Systems to the Masers”, in F. Nebeker eral . Sparks of Genius:

Portraits of Electrical Engincering Excellence. New York. 1IEEE Press, 1994, p.69.
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At the heart of each of these systems was an analog calculating machine that
processed radar data that were communicated by voice telephone to tactical airpilots
who performed interception and interdiction.*” In Europe, each US Army detachiment
was accompanied by a Tactical Air Command whose mission was to provide air
defense in forward sectors.?! In this setting, airborne radar units provided with
calculating machines completed the air defense picture. However, these radar units®?
were incapable of performing any mission other than “homing”. a concept that
described the direction of aircraft moving in on their targets.%?

In 1941, TRW company designed, built and tested a system that combined
radar and mechanical analog techniques in a bombing system. This machine was called
the Norden Optical Bombsight. It operated only under certain conditions: day light,
clear weather, and little danger from antiaircraft fire or enemy fighter-aircraft?3. When
the United States entered the Second World War, harnessing computers for the Navy
and the Army air defense became even more important because the Germans dominated

the air and the allies were deficient in antiaircraft fire control. Although their guns could

90 C. R. Wieser, Lo cit.. p. 363.

91 Tactical Air Command missions consisted of offensive operations against encmy ground
troops and installations in the immediate tactical area, and other offensive operations in close co
operation with friendly ground units, Ibjd.. pp. 229-230.

92 Tactical Air Command aircraft were almost entirely fighters and fighter-bombers. bach
detachment went into the fighting with a radar organization composed of three Forward Dircctor Posts
that had five Ground Observation Posts each. The latter reported by radio telephone to a Net Control
Station common to the group of five. The Net Control Station then phoned pertinent snformation to
the Forward Director Post. The tactical radar was mainly deployed at torward sites. Operators at these
sites reported air activities 10 the Fighter Control Center which was located at the forward TAC
headquarters. The latter are occupied jointly by Army ground officers who controlled airborne fighters
See L. N. Ridenour, Radar System Engincering. New York and London, McGraw-Hill, 1947, pp 229-
230

93 During the Second World War, homing was tactically an important function, both in the
attack on shipping by aircraft and in the interception of hostile aircraft by defending fighters. The farst
operationally successful homing of aircraft on a surface-vessel was done by the British Air-to-Surface
Vessels a computer-aided radar, the Mark 11 during World War I1. A counterpant of this equipnient was
developed in the United States by Harvard University for the Army and the Navy, Idem, p. 196

94 C. Towns, 0p. ¢it., p.68.
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shoot the German planes, the mechanical directors of their antiaircraft guns were slow
in comparison to the speed of these planes.%5

The solution to this problem was the construction of a simulator for predicting
how far ahead of a fast-moving plane the gunner had to aim in order to have the
trajectories of his antiaircraft missile and the enemy plane intersect. This job of
prediction was taken over by a servomechanism, a feedback-based device which
automatically kept the radar antenna aimed at the target as the plane maneuvered.%
Instead of technological determinism, what we have here is the influence of war
operations on electronics and not the reverse. Under this influence, the field of
calculating machine was linked to the military as the domain of electronics became
important for air defense. This linkage was not in accordance with the Air Force's view
on centralization of commands but in conformity with the then dominant military
establishment that favored the development of analog technique and maintained a de-
centralized air defense co:.amand structure. In the mid-1930s to increase the accuracy of
their own fighters and bombers, the Navy and the Army chose to develop an electronic

bomb system composed of electrical analog computers and radar devices.9?

95 J. Rajman. “Early Research on Computer at RCA", In Metropolis. N gt al. A _History of

Computing in the Twenticth Century. Academic Press, 1980, p. 465.
96 M. De Landa. op, GiL.. pp. 42-43.

07 According to C. Towns the bombing radar worked as follows:

...the pombardier identified the image of the target on the cathode-ray screen
of the radar set, moved a set of cross-hairs to cover the image, and then kept
the cross-hairs on the image as the plane approached the target; an analog
compulter took as input such things as altitude of the airptane, ground speed,
winds and ballistics of the bomb, and gave output in the form of a needle
showing the pilot which way to turn and an indication to the bombardier
when to release the bomb.

C. Towns, op, cit,, p.69.
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On the Command of the sea side, since 1920, the Navy had used the "Sperry

Fire Control systems". This system was the basis for the development of computerized

information and control systems long before the above-mentioned computer

developments of World War 1. According to Thomas P. Hughes:

The Sperry gunfire-control system.. placed an analog computer, the

"battle-tracer”, in the gunnery officer control room. The “battle tracer”

automatically received information about the ship course from the compass.,

the ship's speed from revolution counters of the propeller shatts, the targets-

bearing and range from sighting devices aloft. and then combined these with

other information about the ocean currents. The output from the analog

computer consisted of a small ship model that moved along a chant

continuously showing the ship's position, and an arm ~xtending from the

ship model that continuously marked on the chart the enemy, or target. ship

position.?8

In 1935, the Navy initiated a computer development program to address the
cryptoanalysis problem of decoding enemy communications. This development was the
foundation of present-day electronics i~telligence. Between 1935 and 1943 under the
combined sea and army leadership many computer development projects were initiated.
Among these, in 1937, Howard Aiken, then instructor in the Physics Department at
Harvard, convinced IBM to develop an Automatic Sequence Controlled Calculator.%?
IBM built the machine ordered by Aiken in 1943 and released it to Harvard under the
name of Harvard Mark I to undertake the still-classified US Navy work.!% During the
war, army operators considered again that the mechanical directors were too slow and
the large number of cathode tubes required made the machire impraciical for use in the

field.10!

98 T. P. Huges, American Genesis: A Century of Invention and Technological Enthoustasm, Pengumn
Books, 1989, p.136.

99 Another major computer project was undertaken at Radio Corporation of Amenica through the
Franklin Arsenal in Philadelphia in 1939. A, W. Burks, “From ENIAC 1o the Stored-Program
Computers”, In Metropolis, N. gp, cit., p. 314.

100 B_ Randell, (ed), The Qrigin of Digital Computcrs. Sclected Pupers. Berhin, Hedelberg and New
York, Springer-Varlag, 1970, p.187.

101 5 Rajman, op, cit,, p.467
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The military discourse and the technological practice described above were not

hospitable for the development of later computer devices such as the Central Processor
Units, "flip-flop” technology, "real-time" and “time-sharing” techniques because these
devices and techniques required the centralization of command structure which was not
a priority before World War 11, In other words, the political momentum that would
bring the discourse of centralization of command and the integration of weapon
systems into play had yet to emerge. As a matter of fact, any technology policy that
noved in this direction was blocked by the Navy and Army Material Commands who
saw no need for such changes in the US military structure. Even after the war when the
US military budget was under pressure from a public that saw no need for developing
or even maintaining defense facilities, the altemative organizational design promoted by
airmen was seen by Army and Navy supporters as the Air Force's attempt to

monopolize scarce peacelime defense resources .

2.3 THE CENTRALIZATION OF COMMANDS

Despite Navy and Army conservatism, in strategic thinking the Air Force's
view gained momentum for three reasons. First, in addition to reconnoitering,
transportation and air cover, the US AAF participated in daylight high-altitude strategic
precision bombing against German and Japanese strategic assets. This use proved the
strategic value of the Air Force to the Roosevelt Administration and by 1944, Roosevelt
began to consider air power not only as an ad hoc <olution to be used in the course of a
war, but, also as a diplomatic tool. According to Underwood "Roosevelt changed from

a man wanting to ban bombers and aerial bombardment into a man willing to bomb
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civilian populations."'02 Second, at the end of World War 11, the atomic strike against
Hiroshima and Nagasaki further asserted the strategic value of air power. As a
consequence, the AAF saw its resources increased by the construction of five thousand
more planes!?®?. At this moment, the Air Force circle considered that

... 2 home basc from which war through the wir can be carried directly, by

passing overseas bases and supply lines. This climination of distant bases

and ground and sea forces will enable the US. to provide sup.crior wr foree

for direct intercontinental offensive, 104

This statement synthesized the technological infrastructure of the emerging

centralization of command concept that entailed the building of new offensive and
defensive electronic systems and their integration under the command of the Air Force
GHQ. It also implied a centralization of war decision-making centers for the purpose of
the maximization of certainty at the top of the new strategic command and the
minimization of decision-making errors which the Air Force viewed as considerable in
the case of a de-centralized command structure. Technically, although the war ended.
the Air Force wanted not only the maintenance of the US air defense facilitics, but also
the responsibility for their modernization according to its own strategic prioritics and

command structure. According to Astrahan and Jacobs: "Following the Allied victory,

102 3. S. Underwood, op, cit.. p. 3-

193 However, this increase was not a recognition of the Air Force as a “force in being” meaning
an arm independent of the tactical requirements of other services. From the air power advocates’ point
of view, the establishment of an air "force in being"”, required not only an improviscd increase of air
resources, but, also a firm public commitment to air power as a surategic asset and a transformation of
the entire US military fabric. According to A. P. De Seversky (an air power advocate):

Mr. Roosevelt's fifty thousand planes merely amounted 10 a belated
admission that modern armies and navies need the air weapons along with
their guns, tanks, torpedoes and other standard equipment. He was not
building air power but simply reinforcing our surface strength. Long-range
aircraft... were tabooed and the rest were "behind the bulk of the Navy
program, behind battleships, behind tanks, behind trucks and a host of ather
war items on the list of armament priorities [A. P. De Seversky, Au Power,
Key 1o Survival. New York, Simon and Schuster, 1950, pp.30-31.)

104 1hid,, p.59.

_
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the most powerful air forces were in the hands of the allies including Russia. There
seemed no justification for the expense of maintaining the radar sites established during
the war, and support eroded."105

Third, despite public concern over the military budget, the vacuum created by
the demobilization of American military forces and the Roosevelt Administration's
strategic option of massive atomic retaliation delivered by air-power, made the future of
the Air Force look better than ever. It became evident that in the case of a surprise
attack against US territory, the Air Force would have the primary mission of
undertaking retaliatory measures against the enemy by using the most advanced
strategic weapon system at hand, the atomic bomb.196 Herein lay the convergence
between air power and American defense policy.!07

It was widely believed that foreign policy, like military policy, backed by
suitable air power must seek to serve the security and the welfare of the people of the
United States.'%® While such discourse highlights the realist concept of power, it also
reflected the social hegemony of the Air Force that began to gather momentum in order
{0 impose its warfare paradigm on the other forces. As observed by Underwood: after
the war "The atomic diplomacy practiced by the United States was only an updated

version of a foreign policy based on the application of air power."199 Since the

105 M. M. Astrahan and J. F. Jacobs, “History of the Design of SAGE Computer - The AN/FSQ-7",

Annals of the History of Computing. Vol.5, N°4, October 1983, p. 340.
106 General Thomas . Power. "Slmcg:c Air Command and the Ballistic Missiles”, In in E. M.
2 ' : : id Politics. Princeton. N.J. Toronto, New

York & London, 1959, p436
107D, Maclssac. "Voice From the Central Blue: The Air Power Theorist”, In P. Paret. Makers of
Mojern Strategy: From Machiavelli to the Nuclcar Age. 0p. ciL., p.641.

108 An address by the Under Secretary of the Air Force before the World Affairs Council of
Northern California J. H. Douglas "Air Power and Foreigr "olicy", October 14, 1946. Reprinted in
E. M. Emme. The Impact of Air Power: National Security and World Politics. op. ciL.. pp. 801-803.
109 5. S. Underwood, op, git, . p. S.
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discourse on air power was an old web of ideas (such as “air superiority” and
“decisiveness”) that was adapted to the atomic context and internalized the later
concepts such as "detcrrence” and "massive retaliation” 1Y, it is important o note that it
was not atomic technology that changed air power but the latter that became associated
with the US Air Force's momentum. Indced. the AAF General Chief of Staft, had
happily stated that:
The influence of aiomic energy on air power can be stated very simply . It
has made air power all-important. Air power provides not only the best
present means of striking an cnemy with atomic bombs, but also the hest
available protection against the misuse of alomic explosives. 11
Although he did not explain how a misuse of atomic bombs could be averied by
air power, one cannot miss in this statement the Air Force's will 10 subsume the atomic
deterrence policy under its own strategic discourse. In the post-war context where
avoiding military confrontation between major powers became the diplomatic priority,
the pre-World War Il Navy doctrine, the Command of the Sea secemed outdated. The
importance of air power rested on the atomic determrence policy that changed the role of
the Air Force from a decisive means to win a war, into a deterrent arm that prevented
atomic confrontation.!'2 As one air power advocate wrote in 1945: “Thus far, the chiel

purpose of our military establishment has been o win wars. From now on its chief

10 Reinforcing air power became a guarantee of the command of the air (in peace as well as
wartime) and the essential means of the policy of deterrence. As a consequence, detesrence through
massive and indiscriminate atomic retaliations, became morally more acceptable than the tactical
doctrine that saved civilian populations from air bombardment

111 General H. H. Amold, “Air Power and the Future”, gp. ¢it. p.30Y.

12 Even before the Russians exploded their atomic homb, preventing an atomic war, became the
chief national interest for two related reasons. First, it scemed to be common sense that the devastation
of an atomic war would not spare the American continent. Second, the US' decisive implications 1n
both World Wars ended sts immunity from foreign wars. In effect, American ainnen used this argument
to make their case. They pointed out that despite Germany, Japan and Italy’s effort to masntain
American neutramy in both wars, these nations found American military power used decisively against
them. 'l'hcmfore in the next conﬂuct "o aggtessor could avmd the United States zs a first mgcc ll]&

Admiral Ecoest ). Kiag, Philadelphia, 1. B. Lippincott, 1947, p415.]
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purpose must be to avert them. It can have no other purpose.”!!* This analysis led

another air power advocate to stress that:
Atomic explosives only heightened the danger of forcign aggression and
underscored the crucial role of air power in modern warfare. Surprise attacks
using nuclear weapons were not unthinkable, and science could offer no
umbrella against this eventuality. If only one missile carrying bomb
penctrated a nation's air defenses, immense destruction will ensuc. The
answer... lay in a powerful offense which deterred aggression. Offensc acrial
systems must give U.S. air forces the capahility of reaching remoie targets
quickly and striking them at maximum impact: attaining air superiority over
any region of the worid: and landing. in shor order, large coatingents of men
and cquipment at any troubie spot. Over her own territory. America must
establish total air superioity. and erect a nctwork of highly sophisticated
waming and haming devices to detect incoming forces. ! 19
In keeping with the new atomic strategy the traditional concepts of defense and
offense, tactics and strategy''S were fused into a notion of "massive retaliation” that
bridged the gap between individual tactical engagements and decisive military actions
and thus brought together the concepts of “air power”, “atomic deterrence”, "strategy”
and “tactics” from which 4 new military procedure emeiged i. e. the ability to operate in
real-ime.
Before the end of World War Il, “real-time" procedure existed in the modeling
of the complex dynamic motion of a missile and aircraft systems and in the mechanical
director of tactical air defense. With the Air Force's momentum, however, "real-time”

has a strategic meaning. It referred to the strategic use of speed in order "to see, to

"‘B Brodie, The Absolulc Weapon. New York 1946.

114 T. von Karman Science, the Key to Air Supremacy (Volume one of Toward New Horizops) 15
Decembre 1944, pp. xix-xxiii.

ns Right afier the war, such statements were common amongst ais-power advocates even outside the United
States. In 1946, a British licutenant commander of the Royal Air Force reached similar conclusions: «The
only defense against the weapon of the future is to prevent them of ever being used. In other words the
problem is political and not military at all. A country 's armed forces can no longer defend it the moss
they can promise is the destruction of the attacker » |C. Clarke, «The Rocket and the Future of

Warfare», Royal Air Force Quatedly. Vol 17, No.2, March 1946, p. 63.)
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hear. to perceive. and. thus o conceive !1® of a globa! military situation bevond the

limits of human senses. In other words. it was thie way to operate in an ever-decreasing
time-frame between an attack, responsive military decisions and their implementation,
In the mid- 1940s, maximizing the outcome of such a process was not vet a possibility
provided by technology but was rather a representation of war-making by the US Aur

Force who associated "air power” with "atoimic deterrence ™. The notion of real-tie as

a central element of the emerging discurmive regime had an efiect not only on
clectronics but -“so on iaternational relations. From the geo-political point of view as
observed by Paul Virilio:

The question no longer entails relonons of what 15 global in respect of wha

is local, or what is transnational and what s sational but above all concerne

this sudden “temporal commutation” in whose flichenng dosgppear not only

the difference of inside and outside and the expanse of political termtones, but

also the "befose” and the “after” of duration... lor * w sake ot the real

instant over which, finally no one has control. To be convinced of

this shift we need only observe taday's inextricable problems of peostrateyy

in view of the impossibifity of clearly distingaishing offense from defense.

Instantancous and wmsltipolar strategy has been deployed i what nnlary

experts call “preemptive” strikes. 117

Unlike Paul Virilic . -0 not think that redl time of real instant s s thing - that 1s

beyond human controi - that makes political termitorics disappear. As we have seen with
respect to military strategy, the notion of real time stemmed from the US A Foree's
will to associate the atomic bomb to its strategic prioritics. Thus, without the notion of
"air power"” and related deployment concepts withua the nuclear context. it 1s impossible
to understand the geo-political meaning of “real time”. Real-time was a political
construct that ment for the control of military decision-making by the US A Force

within the universe of political discourse in the United States and the monitoning of

16 p_virilio, “The Third Interval. A Criucal Transt 90°, In V Andermait Conley {ed.), Retunhing
Technology. Minncapolis and London, University of Minnesc o Press, 1993, p.5

17 Ibid,. p.10
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military events abroad. It is a concept implying an exercise of power and control.

According to the General Staff AAF,

Detailed and moment-by-moment knowledge of all aspects of civilian and

military activities within the territory of an enemy or a potential enemy is

cssential to sound planning in time of peace or war. Continuous kaowledge

of potential enemies, covering their entire political, social, industrial.

scientific, and military life is also necessary to provide warning to impending

danger. Strategic air warfare can be neither soundly planned nor efficiently

cxecuted without a continuous flow o7 detailed knowledge of this kind.! 8

Intelligence was an essential military practice even before the Cold War. But,
from the Air Force's point of view, it was not to be conceived within the age-old Army
and Navy experiences. Since the Army and the Navy's conceptions of war-making
were outdated according to the Air Force, so was their intelligence practice. New
intelligence had the functicn of predicting oncoming inter-state conflicts and putting US
military capability ahead of other rations' war techniques. Predicting conflicts
supposed not only the assessment of potential enemies’ capabilities and weaknesses but
also supposed new scientific and technical measures that broke with previous Navy and

Army technological orthodoxy.!!® More than the requirement of centralization of

18 General H. H. Arnold, "Air Power and the Future”, gp, ¢it, pp. 308-309. and S.F. Wells Jr., «A
Minutcman Tradition», The Wilson Quarterly, Vol.3. No.2, Spring 1979, pp.109-124.

19 According to the General Staff AAF:

National safety would be endangered by an air force whose doctrines and
technigues are tied solely to the equipment and processes of the moment.
Present equipment is but a step in progress, and any air force which does not
keep its doctrines ahead of its equipment and its vision far into the future,
can only delude the nation into a falsc sense of security.
..our concept of the implements of air power should not be confined to
manned vehicles. Controlled or directed rosots will be of increasing
importance, and although they probably will never preclude some form of
human guidance, reliance upon direct manual skills in p"itage will gradually
decrease.
The Third R he i . .
Heney H. Amold. November 12, 1945, These words can also be found in Theodore Van Karman, The
Wind and Beyond; Theodore von Kanman. Pioneer in Aviation and Pathfinder in Space, Boston Little

-_
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commands and the technological measure that would deploy this centralization, it was
this role of prediction that linked science to the military in the late 1940s. Again it was
not scientists that influenced military policy as Robert Gilpin and John Schmand!20
suggest but the military that linked science to their strategy.

In 1949, the Soviets' explosion of their first atomic device ended the US atomic
monopoly and gave further credence to the Air Force. It became essential that missile
technology and air power develop in tandem. This prospect gave relevance to the 1944
Air Force "strategy for applying the new technologies - such as pilotless aircraft - (o the
battlefield to institute a three-tiered typotogy of weaponry: human directed,
electronically assisted, and purely automatic."!2! This strategy was the basis for the Air
Force's views on a science policy that would be designed to harness electromagnetic
radiation techniques (for radars), aerodynamics, propulsion technology, and

electronics!22. These techniques were meant to set up new devices for control,

Brown, 1967 and M. H. Gorn, : .
Washington, D.C. & London, England, Smithsonian Institution Prcss 1992, p. 116.

120 R, Gilpin France in the Age of the Scientific State, op. ¢it. and J. Schmand, “Towards a Theory
of Scientific State: Administrative versus Scientific State” In Szyliowicy, 1. C. (¢d). Technology and
International Affairs, New York, Preager, 1981.

121 M. H. Com, gp, ciL.. pp. 36-37.

122 The Air Force's idea to apply these new technologies to warfare was based on the experiments
carried out by European military research. In 1944, the AAF Scicntific Advisory Board (SAB) formed a
crew to travel to Europe with the mission "...to tearn from the most advanced acronautical ideas
generated during the wartime research and project [them] to the future.” SAB's inteation was (0
continue the development of the technological achievements of German research in pilotless aircraft and
gu.ded missiles. Its interest was to develop further the calculations that had been completed by the
Germans for a transoceanic missile, the wind tunnel test, ballistics computations, and the V-2
experiments.

During its European journey, the delegation reviewed the advances in jet propelied aircraft,
guide- missiles, radar, television equipment, fuels, material and explosives in luboratories at
Teddington and Franborough, U. K. In France and in Belgium, it visited the National Acronautical
Laboratories and coastal Jaunch sites of robot bombs. The visit 10 Holland permitted the SAB
delegation to acknowledge Philips Corporation's advancement in radar research. However, most
important were visits to Germany (Aaechen, Metz and Strasbourg), Switzerland (the Zurich Institute),
Sweden, Finland, Poland and ltaly that «all offered the fruits of German science, either in German
laboratorics or in facilities directed by Germans abroad.» See M. H Corn, gp, ¢it.. pp. 21, 27 28

—————————————
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communication, detection, warning and intelligence for a new strategic deployment. It
is striking to see that what was earlier an idea (strategic bombing) of a controversial
moral and military value, became, after 1945, not only the official US military doctrine
but also the expression of US forcign policy. What is also impressive is the
convergence between air power and science policy. This convergence rehabilitated the
previously immoral practice of strategic bombing and paved the way for the Air Force's

technological projections and speculations on future wars.

2.4 SCIENCE AND THE AIR FORCE STRATEGIC DISCOURSE

As | argued in Chapter One, the notion of discourse itself refers to the
relationship between a belief or a representation and actions. So far, however, I have
only analyzed the Air Force's strategic representation through the relationships of “air
power", "nuclear deterrence”, "massive retaliation” and "real-time". As we have seen,
this representation had geopolitical implications (the collapse of the inside and outside,
the global and the local) that would allow the Air Force to impose its ideas on internal
US military decision-making regarding the atomic bomb and to monitor events of
military importance worldwide. To show how this representation became a discourse,
it is necessary to demonstrate the way the Air Force's strategic views were translated
into institutional mechanisms, decisions and actions. This is where the role of the US
Air Force in setting post-war US science and technology policy becomes important to
the formation of the universe of political discourse in ICT in the Unites States and the
formation of the transatlantic discursive regime later in the early 1960s.

Until World War II. US government support of science was carried out on an

ad hoc basis. According to A. King: “The history of American scientific institutions

-
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has consisted essentially of the creation at (or after) the outbreak of each war of a new
central body with co-ordinating, advisory, and research functions."!2¥ [n conformity
with this practice, in 1940, the armed forces created the National Defense Rescarch
Committee (NDRC) to sponsor research for military purposes. The NDRC had no
laboratories of its own. Its work was done through contracts with university and
industry laboratories. This sporadic government concern with science began to change
in 1941, when the NDRC was dissolved for being too much confined to military
research and was replaced by a new organism, the Office of Scientific Research and
Development (OSRD). It was thought in the White House that broader and more
independent research was necessary for "greater prosperity, better health for the
people, more security from the enemies (or power 1o attack them), and enhanced
national prestige."!2¢ Despite this broad awareness, throughout World War 11, the
OSRD integrated research and development in a way that reflected the preoccupation of
the military establishment. Again according to Alexander King "The GSRD, in which
research and technology were organically united, |ensured) the total mobilization of
science for the war, its correlation with military thinking and with engincering
development and production.”125

After the war, on February 1946, when the commanding general of the Air
Force retired, General Spaatz his replacement created the Scientific Advisory Board
(SAB). The creation of SAB!26 was the first institutional attempt to link scientific

research to the AAF's ceaseless ambition to impose its vision on US defense policy.

123 5, King. Science and Policy. The Imernational Stimulus. Oxford, Oxford Universy Press, 1974,
p.S.

124 1bid,, p.viii

125 Idem. p.8.

126 The AAF's Scientific Advisory Board should not be confused with the New deal's Science
Advisory Board (SAB).

_
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While the AAF was increasingly showing an exaggerated trust in the efficacy of science
in military matters, it did not see the role of science as restricted to the development of
hardware. Science was envisaged as part of a new military practice whose objective
was not to wage wars, but to avert them. As pointed out by Dr. James Doolittle ( an

influential military SAB member):

It is far better to keep out of war than to win a war. If we
permit a potential enemy to get ahead of us technologically
.. that is the surest way to start a war. | feel that the time has
come to make some sacrifice from today's continuing emergencies in order o
preparc for tomorrow’s eventualities - jar loose some funds, some competent
personnel {rom daily requirements in order 1o pf *pare for tomorrow's

requirements!27
Beyond daily logistical requirements, science and technology were called upon

to project American defense policy and technological practice into the future.!2 In this

127 Cited in T. Stwrn, The USAF Scientific Advisory Board: lts First Twenty Years: 1944-1964.
USAF Historical Divison Liaison Office, US Government Printing Office, 1967, p.9.

128 After the war, the above-mentioned military doctrinal crisis was also reflected in American
science policy. The centralization of US science policy symbolized by the OSRD was also questioned
by the AAF. In 1944, the AAF created its own Scientific Advisory Group (SAG), an office attached to
the commanding General of the AAF (H. Arnold). SAG was headed by a military deputy, Colone!
Frederic E. Glanzberg and a scientific chief adviser, Dr. Theodore von Karman. The SAG board received
directives directly from the commanding general of the AAF and the latter was informed by the board of
new scientific dcvelopments on a regular basis. The objective of SAG was not only to enlist scientists
to work for the AAF, but also to familiarize air officers with science. It was admitted in the AAF
circles that:

Scientific results cannot be used efficiently by soldiers who have no
understanding of them, and, scientists cannot produce results useful for
warfare without an understanding of military operations.
The Air Force leadership has the task of creating and maintaining a climate
of mutual respect and cooperation between the scientists and military
planners
Within this framework, the SAG board presented 1o the commanding general of the Air Force
proposals for special studies, evaluated long-term research plans and advised the general on institutional
aspects of military technology. During the two years of the SAG existence, this small circle nominated
members, drafted policy, and appointed ad hoc panels Thirty experts sat on five panels: aircraft and
propulsion; missile guidance; fuels, explosives, and nuclear power; radar, communications and weather;
and acromedicine. The scientific deputy (von Karman) controlled the working of these groups through
quarterly meetings of an executive board comprised of himself and six other vice-chairs. (M. H. Gorn,

The Universal Man, Theodore von Kirman's Lifc in Aeronautic, op. i, p-118.]. See also T. Sturn,
The USAF Scientific Advisory Board: Its First Twenty Years: 1944-1964. op cit,

——
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setting of science policy, the Air Force had many tasks: (1) the responsibility for
ensuring that the US was prepared to wage effective air warfare; (2) enlistment of
scientific talent and industry to foster air power on new scientific and technical basis;
(3) recruitment and training of personnel who had understanding of scicntific facts in
order "to produce and use equipment which was more advanced than that
used by any other nation” (4) development of existing facilities and creation of
new ones that would enable the AAF to underntake its own rescirch and 1o make such
facilities available for scientists and industry working on Air Force problems. !
Industries had always participated in war effort but the US Air Force ambition was not
only mobilization but the establishment of a permanent industriat basc.

SAB was thus the institution that translated the Air Force's representation of air
defense and offense into political decision. In a 1946 meeting, SAB members received
Air Staff briefings on AAF research and development plans. Before any Soviet nuclear
threat was felt, two of these recommendations concerned air defense and AAF
responsibility on systems affecting Air Force operations. According to General Spaatz,

since the building of air defense would be an expensive operation, he wanted a system

129 For the White House, it was not clear whether military rescarch should be placed under the
OSRD or be merged with military services. Vannevar Bush, the Director of the OSRD, was the first to
give his advice on the issue. In November 1944, few days after the AAF created the SAG, President
Roosevelt asked Bush to recommend to him a federal science policy for peacctime. In s 1eport,
Science, the Endless Frontier (1945). Bush proposed that military rescarch be under civilian control
He argued that although the military themselves should be engaged in scienufic rescarch, then
activities should he limited 10 improving existing weapons and nothing more. He further suggested
that civilian control of military research be undertaken through a "National Science Foundation™, an
organization that he proposed 10 promote US na .nal interests in science.

Although Bush recommended that the AAF undertake its own research, von Karman, the SAG
civilian chief scientific adviser, interpretcd Bush's proposal as it Science, the Endless Fronter had
claimed that, basic research was not of the AAF's business. This attitude, according to Komons was
due 10 the fact that Bush had not beer specific as 1o the extent to which the AAL"S

... research would be permitted or the areas 1t would be conducted in. And his
assurances notwithstanding, Bush was never able to dispel the feeling in the
AAF that he meant to place all military research under civilian control.

BRSNS R
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that first met current requirements "...but yet flexible enough to allow

continuous upgrading in step with the latest technical advances."'30 This
statement clarified the intention to build permanent relationships between the military
and industry to ensure military industrial readiness in peacetime. The key word was
"flexibility". There was no doubt that the would-be air defense system was conceived
1o deal with present danger. However, dealing with present danger was not the most
important characteristic of the Air Force's concept of air defense in the mid-1940s. The
envisioned system was also meant to be erected against potential enemies and weapons.
This was indeed a break with the pre-World War II intermittent pattern of relationships
between defense, scientific research and the industry. 13!

In 1948 when the Air force became an independent service froin the Army and
after two years of struggle between White House scientific advisers and the Air Force
on the role of the latter in scientific and technical research, in 1950 with the agreement
of the White House, the Air Force created the Air Research and Development
Command. This organization was endowed with a separate budget devoted entirely to
Air Force's research and development problems. The Air Research and Development
Command conducted its relations with US academic research and industry through the
Air Force Office of Scientific Research (AFOSR) created in 1950 and placed under the
command of Colonel Oliver Haywood who replaced Dr. Theodore von Karman as

chief scientific adviser to General Staff US Air Force (USAF).132

V30T, Sturn, gp, ¢iL., p.21.

I General Vandenberg who replaced General Spaatz in 1949, pointed out that "The Air Force has
no tradition or any inhibition because we are a new department and we would like to start off research
and development on the proper foot and I think with the advice and assistance of [the SAB), we should
be able to do that", Excerpts, Minute of SAB Study Group Meeting. 11 July 1949,

132 T, Sturm, op. cit.. pp.19-25.
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In order to assert the independence of scientific rescarch from USAF logistic

problems, the new orientation faced opposition from within the USAF . For Haywouod,
basic research was not manageable within a framework of a priori planning or need. As
reported by Komons!*, Haywood said that: “"one could not sit down and logically
construct a program and go out and requisition the research he wanted done. In point of
fact this was the way the Air Force was accustomed to doing things”. The head of the
AFSOR felt that, even if scientific research was sponsored by the military, from an
ethical point of view, it should not be subservient to military requirements. The task of
science was to wrestle with the unknown within a defined but yet broad ficld of
inquiry. It was according to this perspective that Haywood organized the AFOSR to
reflect basic scientific disciplines: Chemistry, Mathematics, Solid Stat2 Physics and

Mechanics.

2.5 THE BUILDING OF THE SAGE SYSTEM

So far, 1 have described the Air Force's representation of air defense and
analyzed the importance of the notion of "real time" as a new operative procedure
whose meaning was given by the Air Force's strategic view. Furthermore, [ have also
analyzed the relationships between this representation and the institutional setting of the
Air Force's science policy machinery which was meant to translate this representation
into practice. In what follows, 1 will show how the Air Force association ot tie

military, technological, scientific and industrial spheres influenced changes in computer

133 N. A. Komons, Scicnce and the Air Force: A History of the Air Force Office of Scientilic
Research. Arlington, Virginia, Office of Aerospace, Historical Division Office of Information, Office
of Aeroapce Reasearch, US Government Priung Office, 1964, p.4
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technology in the carly 1950s. My argument is that while the resources devoted to build
the Semi-Automatic Ground Environment (SAGE) system was the demonstration of
the US Air Force's hegemony within the US universe of polical discourse in ICT, the
extension of this system to Europe (the NATO Air Defense Ground Environment
INADGE]) and worldwide (World Wide Military Command and Control System)
symbolized the US economic and military power within the transatlantic discursive
regime. This force became the basis for the merger between computer and
telecommunications and the foundation of the transatlantic industrial alliances in ICT
during the late 1950s and early 1960s.

The restructuring of the American air defense system was concomitant with
change in military discourse. The Electronics Panel of the SAB did not wait until the
Soviets exploded their atomic device and certainly not until the completion of the
science policy framework before launching a project for air defense. As mentioned
carlier, it was in 1946, during a SAB meeting, that the SAB Electronics Panel was
briefed by the General Staff AAF, about the general characteristics of a new air defense
system (0 be designed according to the Air Force requirement for "real time" capability.
However, despite this Air Force plan, the White Housc and the Pentagon thought that
“It was doubtful that anyone, including the Russians, would dare launch an air attack
so long as the Strategic Air Command retained its overwhelming nuclear retaliatory

capability..." 3 This doubt delayed the building of a new air defense system according

to Air Force requirements.
The lack of an immediate military threat was not the sole reason for the rejection

of the Air Force air defense project. In addition, in the mid-1940s, most of the

134 Memo. Major General T. F. Walkowicz 1o SAB chairman and Military Director, 10 November
1948, quoted by Komons, op, ¢it., p.33

e
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Pentagon’'s computer procurement was dominated by the Navy ballistic missile

programs. The Navy, through the Office of Naval Research (ONR) and the Navy
Bureau of Aeronautics funded many analog computer programs for modeling guided
missile prototypes.!**

In 1949, when the US atomic monopoly disappeared with the explosion of the
Soviet atomic device, the Air Force's long-standing demand for a new air defense
began to make sense to the Pentagon and the White House. The Soviet wtomic
explosion was the exogenous factor of US inter-service struggle and became an event
that favored the power position of the Air Force which began to effectively impose its
air defense paradigm. As a consequence of this event, the Air Force pressed harder for
new air defense system. "First, however, it needed a sound plan of action, and...
asked the SAB to help draw up such a Plan™136. In 1949, in confornuty with this
recommendation, the SAB constituted the Air Defense System Engineering Committee
(ADSEC) with the mission to develop equipment and techniques so as to produce
effective air defense for a minimum dollar investment. Dr. George E. Valley who was i
member of the SAB Electronics panel became ADSEC chairman. As awr defense
problems became increasingly urgent, in 1950, Dr. Valley became the chairman of

both ADSEC and the SAB Electronics Panel.

135 Among these were the Tvphoon and the Cyclone computer projects that were carmed out
respectively by Reeves Instrument Corporation and Radio Corporation of America (RCAj These
projects «...involved the development of large analog computing facibties and were intended primanly
for the study of guided weapons and (0 model in-flight charactenstics of high-speed sircraft 15
Small «Engineering, Technology and Design: the Post-Second World War Development of Elxctroni
Analogue Computers», History and Techpology . Vol.11, No.1, 1994, p 37 and A Karen and B
Loveman, «Large-Problem Solutions at Project Cyclone~, Instrument and Automiation. Na.27, 1956,
pp. 78-83

136 Memo, Major General T. F. Walkowicz to SAB chairman and Milstary Disector, 10 November
1948, quoted by Komons, op. ¢it.. p.33
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When the Air Force's ideas on centralization of command and air defense
became entrenched in the reasoning of Pentagon commanders and White House
officials in 1949, the ADSEC undertook a selection process to identify scientific
institutions dealing with computing. This selection process was limited to institutions
that understood the air-power strategic doctrine as a new framework for air-defense
engineering. By that point however, there was little opposition to the air-power
strategic doctrine among scientists. Scientists who had been given the role of
implementing the Air Force program. were the same as those in charge of the most
important scientific and engineering institutions. !’

Although not yet developed, the idea of using digital techniques for combat
purposes already existed but it began to grow stronger relative to other techniques
when the Air Force started pressing for a real-time air defense system.!*® In 1947, one

year after the Air Force's air defense briefing to SAB members, Crawford who was

137 Robert Bright a former SAGE chief engineer recalled the degree of consensus that then
reigned amongst scientists and engineers, claiming that it was generally believed that «this is in the
national interest; this is the kind of thing we ought to do.» H. S. Tropp (Moderaior), H. D. Benington,
R. Bright, R. P. Crago, R. R. Everett, J. W. Forrester, J. V. Harrington, J. F. Jacobs, A. L. Shiely,
N. H. Taylor and C. R. Wieser. "Perspective of SAGE: Discussion”, Annals of the History of
Computing. Vol. 5. N° 4, October 1983, p. 381. In a same vein. Shiely (Bright's college) maintained
that. it was "... a national perception of the emergency need for an improved air-defense system; there
wasn't any argument...There was an understanding at the topmost part of the government that the need
was urgent” [bid, p.380.

138 The diffusion of the Air Force's electronic ideas was not automatic. It was channelled through
nterpersonal communication. After the end of World War I, Forrester (then a researcher at MIT) for
example, had thought of leaving MIT and siarting a company to develop servomechanisms. His friend
Gordon Brown informed him that there were possibilities for more challenging projects. After this
discussion, Brown provided Forrester with a project for an aircraft stability and control analyzer that
was the first step towards SAGE. The aircrafi analyzer was meant to be an analog computer but, Perry
Crawford (who then worked for the Special Devices Ceater of the US Navy and later at IBM) attracted
both Forrester and Brown's attention to three technical possibilities: (1) a digital computer; (2) the
mechanical Harvard Mark 1 computer and (3) the ENIAC computer. Among these three possibilities.
Crawford insisted that only a digital computer could overcome the difficulties of data handiing and
bookheeping presented by analog computation. In air-surveillance. analog computers could neither
select accurate information from inaccurate, nor could they resolve the problem of repetition during the
awrcraft tracking and hand over process. Later these problems would be resolved through digital
computation which made possible the technique of “data fusion”.
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working at MIT's Digital Computer Laboratory (DCL) pushed the "... idea of combat

information and control with digital computers, well before any high-speed, gencral

purpose, reliable computer had even functioned.” ™ Again, this was not the influence

of a scientist on military atfairs but an example of a techaological choice that was

driven by a military concern. Indeed. on December 1950, the Chairman of the Aar
Defense System Engineering Committee proposed that MIT create an air-defense
laboratory to work on air-defense R&D. The SAB accepted this proposal and formed a
special steering committee for what was termed “"Project Charles”. In 1951, Project
Charles endorsed the concept of a computer-based system and a {aboratory for this
purpose was established at MIT under the rubric of the Lincoln Project. In the same
year, the steering committee for Project Charles presented 1o the SAB'S Electronics
Panel a proposal for the electronic aspects of weapon integration {0 bring into play the
fusion between offense and defense and tactics and strategy. This proposal consisted of
a system that connecled many low-range radars on the basis of which 4 continuous and
“real time” picture of the sky would bucome possible.

It is important to note that the Air Force's notion of real-tume computing was not
yet technically possible. As we have seen, it was different from the engimeening notion
of real-time modeling and tactical calculation of aircraft interception. It was a notion that
implied centralization of command, control and intelligence. lts realization (which

surpassed the capacity of analog computers) opened a dialogue between those

designing computers and the Air Force. The handling of radar data in "rcal-tme”
required the Air Defense System Engineering Committee ( ADSEC) 1o sponsor 1escarch

for new computer techniques and applications. In 1951, the MIT Digital Computer

139 Ihid.. p. 376.

————————————————
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Laboratory (DCL) and the A'r Force Cambridge Research Laboratory (CRL)Y whose
specialty was data communication, carried out the engineering implementation of the
ADSEC program. Both DCL and CRL's work was based on the "Whirlwind computer
onginally developed in the late 19408 by MIT's Digital Computer Laboratory as a
computer for a Navy flight trainer and airplanc stability trainer.” ¥ The work of both
tcams demonstrated that a "real-time” control of flving military devices by digital
computer was possible. This experiment became a testbed for the air-defense system
design 141
The Air Force's requirements for accuracy. speed and readiness in the
interception of flying objects became an incentive for another invention in data storage
techniques.
In 1950 Jay W. Fomester (of DCL) invented the random-access core
memory as a replacement of the current but limiting technology of cathode-
ray tube (CRT) storage. Compared 1o the cathode-ray in Whirlwind, the core
memury doubled the operating speed, quadrupled the input data rate, sncreased
the mean time to fadure from two hours to two weeks, and reduced the
maintenance time from four hours a day o two hours a week. 142
This random-access core memory was made of ferrite. It "had an access time on
the order of 10 microseconds, less than that of cathode tubes."143 Following this

experiment. in the Spring of 1952, ADSEC was dissolved and replaced by the merger
between the DCL and the CRL. The two labs created the Lincoln Laboratory at MIT

130 5 K Jucobs. "SAGE Overview”,
1983, p 325

41 K. C Redmond & Smith, T. H., Project Whirlwind, The History of a Pioneer Computer. Bedtord.
Mass . Digital Press, 1980 and “Lessons From Project Wharlwand”™, JIEEE Spectum. Vol 14, No. 1o,
October, 1977,

H2 3 k. Jacobs., 0p. it p. 324.
MY R 3 Chapus and A E. Joel, £

1 Vol S, No.d, Ocwober

3

Telecommumcutions Vol 13, Amsterdam, New York and Oxford, North Holland Publishing Company .,
1990, p.98.
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that replaced the Lincoln Project. After thas merger, the Whnlwind computer project
became part of the Lincoln's expenmental air-detense sy stemn that was called the Cape
Cod System. This system cu sisted of three separated ceniers ot operation (1 a
control center at the Barta Building in Cambridge. Mass., where the Whiddwand
computer was housed: (2) an experimental long-range radar on Cape Cod at South
Truro, Mass. and: (3) 1 number of short-range radars called "gap fllers” Fhe control
center contained computer-controlled operating stations and was provided with
ultrahigh frequency ground-to-air communications svstems

The network can be descnibed as composed o1 several cathode tay tabe
consoles connected to one central computer processor. It translated the A Foree s
requirement for a centralized chain of command o several commuand stations
tracking, scanning and surveillance. These stations communscated data 1o cach other
real-time through a single high speed computer. This type of computing was indeed an
mnovation. With the arrval of lugh speed, random-access core memons | e computes
had the ability 1o handle masses and v, nous types of data swifthy, imteractnaely and
simultancously. In other words the computers are used here more as sorting and
collating than as calculating machines '+

The other charactenstic that ditferentuated the Cape Cod expenimental compuier
from the other systems w... i military computing. was s “tine shanng  capacity as
onposed to the “batch processing” of the analog computers where computing jobs were
executed in sequence because the programs were ted separatehy ana opetated m
sequence. Given the simultaneity of many ope anons dunting the process of

interception, the long turnaround tme ot baich procos ang disquahiicd anidoy

141 5 Mo, Communy, ghep for Command and Control Sysicm Peoramaon P fot 1 etial
Seres on Svstem and Control, Vol S, j9K2 p 18
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computers for real-time air defense operations. The Cupe Cod experiment on the
Whirlwind I computer circumvented this difficulty by allowing a process where
programs should be able to run simultaneously without being affected by another. Each
user can have a continuous run with the computer. thus viewing the computer as
exclusively his and not being bothered by queues or by delays." 145

The high speed capacity of the random access memory gave the impression that
the Whirlwind functioned continuously despite responding simultaneously to multiple
commands. In reality, however, the computer was interrupted each time a different
command was addressed to it through a station which techn’zally used only a slice of
the cenwral processor time.!46 While time-sharing supposed the simultaneity of
procedures such as tracking, control and surveillance of flying objects, real-time meant
the maximum speed possible of these simultaneous procedures. In 1952, when it
became clear that these two combat capabilities were feasible through a Central
Processor Unit (CPU), a new era in computing emerged: the beginning of the merger
between telecommunications and computers. It became henceforth possible through a
computer to track while scanning flying objects and to processing data collected from
these procedures in real-time.

After the association of science with the military, this was how the domain of
electronics was enroled to serve the Air Force strategic purpose. As the military,
scientific and electronics domains became interdependent, what remained was the
integration of the electronic industry in order to translate the Air Force's strategic

representation into a reality. Here too the point is not that the military acted to solve a

143 Ibid.,
146 1gem, p.15.
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problem of productivity within electronics industry as neo-Gramscians would argue but
rather to fulfill their own strategic ambition. It was in the pursuit of this ambition that
the members of Project Charles recommended the search for an industrial contractor in
order to turn the Cape Cod experiments into an operational machine. A team from the
Lincoln Laboratory was created to discuss with the Air Research and Development
Command (ADRC) and Air Defense Command (ADC)'s personne! the restructuring of
the air defense and the selection of the most appropriate computer manufacturer. 147
After a meeting in 1952, members of the Lincoln Laboratory, the ARDC and
ADC formed the Whirlwind I project, the initial name of the SAGE system. The
Whirlwind II team argued that present and future problems of the US air defense can be
summarized as a problems of data handling capabilities, including facilities for
communication, filtering, storage, control and display. Accordingly. they agreed that:

A system that can maintain a complete and up to date picture of the air

and ground situation over a wide area of the country; that can control modern

weapons rapidly and accurately; and can present filtered pictures of the air

and weapons situations to the air force personnel's who conduct the air battle

fwas requaredl.lw

Moreover, they asked themselves whether the central machine shouid use
transistors, magnetic-core memory or vacuum tubes. Given the state of emergency
created by the new Soviet atomic capability and the non-readiness of transistor

technology. the Whirlwind II group opted in 1952 for a magnetic core for the CPU and

a vacuum tube technology for the input and output peripherals. They also decided that

the system would be built in a way that future changes in these components should

preme—

147 This team was composed of: Jay W. Forrester, head of the Lincoln Laboratory and director of
DCL. Robert A. Everett associate of these two laboratories, Robert Wicser leader of the Cape Cod
System design and ;. Norman H. Taylor chicf engineer of Lincoln Laboratory.

148 R. R. Everett, C. A. Zraket, and H. D. Beuington, "SAGE --- A Data-processing System for Air

Defense”, Annals of the History of Computing. Vol.S. No.4, October, 1983.
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involve only "...a few hours a year of unavailability of the operating systems . After
this agreement. the Whirlwind Il group started the process of selecting commercial
manufacturers to produce the system,"!5¢

It should be noted that the CPU was the artifact that was designed to be
consistent with the Air Force's representation of defense. Further changes of this
device set the trajectory of technological development in the computer industry. Here
came the role of International Business Machine (IBM). In contrast to neo-Marxian
argument, this company did not structure these changes but rather was able 10
accommodate itself to them in order to take on the role of the prime contractor for air
defense.!5! In order to understand why IBM won the prime contract. recall that criteria
such as size and experience in computer manufacturing were not as important as a
company's ability to accomodate the emerging discursive regime. The company learned
about the air defense system as a revolutionary idea and understood the power structure
within the air-defense program management. Such an attitude prevented IBM from
affecting a technological orthodoxy that would have disqualified it from a leadership

position in the construction of the system.

149 5 F. Jacobs, op, ciL., p-327.

150 During this process, according to chicf of the ARDC (Albert R. Sheily ). “Part of our job n
New York was ... to isolate the experts who were certain they knew how the job could be done by
different approaches and who also were completely convinced that the SAGE system would never
work"” [R. R. Everett, C. A. Zraket, and H. D. Benington, g, ¢it.. p. 379.]

151 A review of the SAGE system shows, indeed, that many American clectronics companies
contributed to its development. IBM designed, manufactured. and installed the AN/FSQ-7 combat
direction-center and the test equipment. Wesiern Electric Company Inc. furmished the management
service and constructed the center’s buildings with the assistance of Bell Telephone Laboratories as
subcontractor. Burroughs Corporation took care of the logistics support for AN/FST-2 data
coordination and transsnission sets. The System Development Corporation (SDC) (until recently a
division of Rand Corporation) assisted Lincoln Laboratory in the preparation of the master computer
program and its adaptation to combat direction centers [bid,, pp. 331-332.

—————
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Indeed, if the Lincoln Whirlwind II group had considered criteria such as the
size of a company and its experience with co.nputer manufacturing. then companies
such as Remington Rand (Univac in 1949'52) chould have been chosen. Likewise, if
experience in communication technology had been an important criterion, the
University of Michigan had already developed a competing system, the Air Defense
Integrated System (ADIS), and. as mentioned before. RCA had become specialized in
military communications and air defense system devices long before any other
computer company. Finally, in terms of size. in the early fifties there was little
difference between IBM and other companies such as BURROUGHS, RCA.
HONEYWELL, G.E.!53, CDC'54, and NCR(155)156

The irrelevance of these criteria for the choice of the prime contractor suggests
that military problems strctured the change in the computer industry and not the
latter's attempt to increase the rate of its profit through innovation. In the beginning, it
was not even evident that the change from analog to digital computing would be
profitable to computer makers and communications leaders. In effect, Bell Laboratories
and the University of Michigan proposed systems that went against the Lincoln

Laboratory's concept of the digital real-time computer.

152 Univac was, in the early sixties, “the computer division of Sperry Rand. the first company to
enter the computer industry. In the forties, the two computer pioneers of the University of
Pennsylvania, J. P. Eckert and J. W. Mauchley, founded the Eckert-Mauchley Co. In 1949, this small
firm was acquired by Remingten Rand [...] During the three years following the introduction of the
UNIVAC [ computer in 1951, Remington Rand enjoyed a virtual monopoly, which was soon to be
put in question by IBM". In OECD (Directorate for Scientific Affairs), Gaps in Technology Between
Member Countrics. Revised Draft Report on the Electronic Computer, Paris, August 12, 1968, p. 71.
133 G.E. = General Electric.

154 C D.C. = Control Data Corporation

155 N.C.R = National Cash Register

i56 In United States the pioneering companies in the ealy fifties such as Remingion Rand
(UNIVAC). Burroughs, RCA, NCR, were like IBM specialized in office machinery. RCA, was
specialized in communications and consumer electronics, Honeywell «as in scientific instruments and
Philco was in consumer electronics and electronics components. [bid.. p.70.
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Once these criteria are put aside. IBM's own strategy emerges as an important

factor in the Lincoln Whirlwind H group's choice. IBM's willingness to accomadate
the new established military-based discourse was a useful strategy for a ‘late couner’
that had no particular advantage in computers. Thus, the economic aspect of computer
development became finally part of the universe of political discourse in ICT where
IBM emerged as the dominant firm. The technological choice having been made. the
Whirlwind I group was organized along the lines of the major computer subsystems to
be developed: "an arithmetic-element section, drum-design section, and so forth... the
IBM team organized itself in a similar pattern."157

Moreover, IBM managc.nent knew that the Lincoln Laboratory was the leading
party in the inception of the program and that. consequently, any initiative or concept
that contradicted the Lincoln Laboratory's understanding of air defense would have
decreased IBM's chances of participating in the development of the air-defense system.
In return, the mimicry of the Lincoln Laboratory's research organization by IBM
enhanced the chance of getting the first contract. Moreover, Lincoln Laboratory was the
only channel through which the Air Force communicated its air defense engineering
specifications. It had also conceived of the air defense design and was the only body
that evaluated contracts. IBM's early understanding of this reality led the company to
put aside its own computer techniques and to learn about techniques developed in the

Lincoln Lab.158

157 M. M. Astrahan and LF. Jacobs, “History of the Design of the SAGE computer - the AN/FSQ7",

lournal of the History of Computing. Vol.5. No.4, 1983, p.344.
158 H. S. Tropp (Moderator), H. D. Benington, R. Bnght R. P. Crago, R. R. Everett, J. W.
Forrester, ). V. Harrington, J. F. Jacobs, A. L. Shicly. N. H. Taylor and C. R. Wieser, “Perspective

of SAGE: Discussion”, Annals of the History of Computing. Vol. 5, N 4. October 1983,

———————————————
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Besides this initial compromise, IBM did not passively await the Lincoin
Whirlwind Il group's final decision. The company made an effort to anticipate and
meet the Committec’s as yet unknown selection criteria. According to Forrester, the

director of the Lincoln Laboratory:

The IBM management committee really threw their resources nto the
program without restraint As an example. when it came time to schedule
production, there was no air force contract yet for the machines. If IBM was
to meet the schedule. there had 10 be a factory. IBM went zacad and started
buiiding a factory before the air force had signed a contract. No doubt IBM
could built typewriters in the building if the contract (wd not come along,
but, nevertheless, they built a factory specially for the SAGE computers on
their own initiative. 159
Thus, when the Lincoln laboratory set up a team!®Y to find the most capable
computer manufacturer to improve the Cape Cod System for the next generation of air-
defense, three companies were considered: two divisions of the Remingion Rand group
and IBM. The team assessed the contributions of each company in several computer
components: tubes, storage systems. circuits, hardware packaging. and magnetic type
units. It also evaluated the production organization of each company. the quality of
assembly work and the training capability. Last but not the least, was each company's
proximity to MIT. In the end, IBM was selected. 16!
On September 1952, IBM won a six-month study subcontract issued by the
Lincoln Laboratory.!62 Following this, in January 1953, a first meeting between

Lincoln Laboratory and IBM members took place at Hartford. Jay Forrester, the

159 Idem. p.386.

160 The tcam was constituted by the MIT Lincoln Laboratory. Its members were:Jay W. Forrester,
head of Lincoln Division 6 and director of Digital Computer Laboratory (DCL). Robert R. Everett,
associate director of Division 6 and director of DCL; C. Robert Wieser, leader of the Cape Cod System
Design: and Norman H. Taylor chief engineer of the division. See M. M. Astrahan and J. F. Jacobs,
"History of the Design of SAGE Computer - The AN/FSQ-7", Annals of the History of Computing.
Vol.5. N 4. October 1983, p.343.

161 thid.. p. 344.

162 1dem. p. 344.

R
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Lincoln speaker during that meeting ".._.stated that none of the existing computers,
including Whirlwind 1. the IBM 701 were suitable. Because of the nature of the
problem. specialized peripheral [equipment] were required..."'?

J. F Jacobs of Lincoln presented the arguments for chooning vacuum
tubes for the anthmetic and control umt. 1t was o carly tor ransistors and
magnetic core were (oo slow Ho D Ross of IBM reported some reatatn e

arithmetic element decisions.... and the use of fhp-flop instead of pulse
regencrator used n the IBM 701 164

The IBM 701 regenerator, like all analog devices. was an amphificr "which
receives weak signals and delivers cornresponding stronger signals without reshaping
waveforms.” 165 On the other hand. a flip-flop is a circuit used (o construct one-bit
storage "delay line memories™. This term refers to the computer components showing
the property of storing a signal for a time interval before they transter the signal 1o 1ts
out-pu line!%6. These delay line memories allowed "information obtained from rudar
antenna sweeps to be stored so as to display a readily intelligible picture of the scanned
data on a cathode ray screen.”!67 This was because data were converted into "bit”
(Binary digIT), adigit in binary notation that represented information in a sequence
of Os and Is. It is still the smallest unit of storage. Thus. digitization, also called bit
processing "became the common denominator of telecommunication and computer

technology...” 168 and the standard for automatic data processing.

163 jdem, p.332
164 1dem. p.335.
165 Cambridge Dictionary of Science and Technology. 0p. cit., p-757

166 Delay line memory components were made of a column of mercury. a quarts plate. or length
of nickel wire, in which impressed sonic signals travelled at a finite specd. See Cambrnidge Dicuonary

of Science and Technology. 0p. Cit.. p.235.
167 R. J. Chapuis and A. E. Joel. Electronics, Computers and Telephone Switching. A Buok of

Technological History as Volume 2: 19601985 of “100 Years of Telephone Switching. op. <t pp ¥1-
92,

168 1bid. p.114. Flip-flop techniques were »* the core of digitsization. According 1o Chapuis and
Joel : «it was thus possible in a stream of pul s to store a datum which for its further rewnieval was
shuttled back and forth between the delay input and output; (in layman's term this process my may be

e ———
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On the basis of this digital technique, IBM proposed several logical designs for
the computer including “dual anthmetic elements for simultaneous processing of X and
Y coordinates of tracking data. and an interrupt scheme for operating in-put out-put
equipment simuitaneously with programming execution." 1% Following this. in 1953, a
permanent office. Project Grind was formed by members from Lincoln Laboratory and
IBM so as to confront different views until appropriate solutions to each technical
problem was found. Both teams broached many technical problems including the
management of radar inputs. video-mapper. and slowed-down video input. On this
basis, in April 1953, IBM received the prime contract to design the SAGE
computer.!70

Once IBM became the prime contractor, its relationship to the Lincoln
Laboratory became conflictual. The bone of contention was the eventual compute. trade
mark. Although the basis for the common design was the Lincoln Laboratory
Whirlwind | computer, a dispute emerged between IBM and MIT over the identification
of the computer prototype for the new air-defense system. Lincolr Laboratory wanted
the prototype to bear its name, but IBM resisted. !n the end, both IBM and MIT
declined to give their names to the machine. What was supposed to be the Whirlwind Il

likened to the way long distance swimmers perform their laps in an Olympic pool» [R. J. Chapuis and
A E. Joel, 9p. ¢il., p.92.]

169 M. M. Astrahan and J. F. Jacobs, gp. git., p. 345

170 jdem. p-344. Since designing the computer was only one task among many that the system
required. it was possible for Lincoln Laboratory to exclude the University of Michigan (who did not
accept its initial concept) but not the clectronics companies whose experience was necessary (0 build
the entire sysiem. According 10 Robert Bright (one of the SAGE architects):

At that time Bell Laboratories and Western Electric were involved in a
study of continental air defense, called naturally the CADS project. In May
1955 General N. F. Twinings wrote to N. J. Kelly president of Bell
Laboratories. saying ‘Take a ook at what Lincoln's doing, we were already
phasing out the University of Mich.zan, and we want you to make the
management and the implementatic n of SAGE. [Idem. p. 381.)

SRS -
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as the successor for the Cap Cod Whitlwind 1 (from Lincoin Laboratory's perspective),
was given an Air Force number: AN/FSQ.17!

As can be seen. at this stage of the process. it was easier for IBM to challenge
the Lincoln Laboratory's authority rather than that of the Air Force. Likewise. since the
technical solution were now in place. and the Air Force necded a manufacturer and not
a rescarcher, it was also easier for the Air Force to deal with a profit-making caterprise
such as IBM rather than with scientists who had previously challenged the very
relevance of the air-power strategic doctrine and had joined the Air Force electrome
program simply because they had lost their struggle for the tacucal use of air-power on
political grounds. Based on this mutual interest between the Air Force and IBM, the
latter received a contract to build two computer prototype systems, XD-1 and XD-2.
XD-1 was 10 replace the Whirlwind I in Cape Cod system and XD-2 was produced 1o
provide the test for SAGE at Poughkeepsie!72. Following this, the first production
contract was awarded to [BM in February 1954173 and the system declared operational
July 1, 1958. In the ycars, following 1958, IBM built 24 FSQ-7s and 3 FSQ-&s that
were deployed along the northern perimeter, in the east and west coasts of the United

States!74,

171 idem. p. 381.

172 |dem. p. 346-347.

1731n 1955 when the United States announced the launching f a satellitc as part of its International
Geophysical Year (IGY) contribution, a University of Michigan cosmic-ray physicist approached the
Air Force and suggested that the latter might be interested in placing a satellite in orbit for strategic
purpose. This proposal was rejected by the Air Rescarch and Development Command which was
reluctant (o take on another project while its ballistic missile program was in its critical stage. In the
end, the Office of Naval Research (ONR) took over the satellite program (Project Vanguard) and
showed the White House the military advantage of having an antificial satcllite orbiting on carth.
However, considering the slowness with which the military reacted 1o the 1ssue, it becarie chvious to
many that the Russians would {aunch their satellite before the Navy

174 dem. p. 347.

———————
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The total SAGE system comprised 23 centers, 3 combat centers and |
programming center. Each center was duplicated. There were, in total, 54 Central
Processor Units (CPUs). As described by its designers, SAGE,

The Semi-Automatic Ground Environment ... 1s a large scale, electronic ar-
surveillance and weapon control system and is composed of three groups of
facilities” those required to process and to transmat surveillance data and
weapon's data from data-gathering sources to data procossing centers; data
processing centers where data are evaluated and developed into an air situation
and where weapons-guidance order are gencrated: and communication facilitics
1o traosmit data to weapons to command levels, to adjacent centers...SAGE
uses very large digital computing system to process nation-wide air defense
data. Sage 15 a real ume control system, a real time communication system.
and real-ime management information system. ! s

175 R. R. Everett. C. A. Zraket. and H. D. Benington, "SAGE --- A Data-processing System for Air
Defense”, gp, ¢iL.. p.331.
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SAGE COMPUTERS

Whirlwind: Developed as a high speed. parslicl. synchronous digital computer tor & vanety of
application

Whirlwind 1l Developed for use in the air-defense system. Imual name ot the SAGE computer
prototype.

AN/FSQ-T: (1954) (akso FSQ-7. Q-7 A Force nomenclature for the production sversion ol
Whirlwind 1. This computer served as the active element at the sector level in the SAGE direction
centers.

XD-1, XD-2: (1955) Single computer prototypes of the ANASQ-7 One was installed at IRM
Poughkceepsic location, the other at Lincoln laboratory.

TX-0: (1956) Experimental. transistorized next-gencration computer system used to deselop new
techniques to replace ANFSQ-7 vacuum tube technology.

AN/FSQ-32 (1957): Proposed transistonized replacement tor the AN/FSQ-7 A single model win
built and instatied at Strategic Air Command Headqguarters

AN/FST-1 (1958):Radar data processing and ransmutting cquipment cmploymng so-called  slowed

down video technigque. Designed by Lincoln Division 2 and Lewyt Corporation for the gap-tiller radass

AN/FST-2 (1963): Radar data-processing and transmstting equipment which converted analog radar
signal to a digital format. Also reduced clutier and performed heam sphittmyg. Designed by Lincoln
Division 2 and built by Burroughs Coiporation for the SAGE system

Sources: J. F. Jacobs, "SAGE Overview”, Annals of the History of Computing. op. it

To summarize the FSQ-7 was the device that matenialized the Air Force
representation of air defense and centralization of command. It was composed of 70
frames containing 60.000 vacuum tubes that handled (input and output) data. The
central computer was supplied with information from all sector computer and buffered
by the magnetic drums of input/output equipment. Finally, a real-time clock (an
electronic unit which kept track of the date and the time of the day in a special regiver
that can accessed by the programmer) was incorporated in the FSQ-7 and four magnetic
tapes were connected to it to simulate input and to summarize output in digital

forms.176

!7bm
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2.6 INTEGRATION OF WEAPONS. THE OUIER SPACE ERA AND THE
FORMATION OF THE PROJECT FORECAST

In 1957, the Air Force set up a military team, the Air Defense System
Integration Division (ADSID) that dealt with problems regarding integration of
weapons and the modification of the SAGE system. Accordingly. the vacuum tube
AN/FSQ-7 computer was replaced by the AN/FSQ-32 transistorized machine. That
same year the Soviets launched Sputnik. As a response, the White House decided to
automat: radar sites and direction centers. Automation was provided by the Back-Up
Interceptor Control (BUIC) system. For the Air Force and the Pentagon, while this
improvement was in conformiiy with the discourse on the integration of weapon
systems. 1t was still inadequate to the challenge posed by Sputnik for two reasons. On
the onc hand, the launching of Sputnik demonstrated the greater Soviet mastery of
rocket science and a huge step forward in space technology which rendered the newly
built SAGE system obsolete. On the other, the launching of Sputnik was not all
negative; it opened up “space ' (in fact "outer space”) which became the new horizon
for the projection of the US air power and military diplomacy. Indeed. in 1957, the
word "space” was integrated into the universe of political discourse in ICT.
Consequently. real-time command, control, communication, intelligence.
reconnatssance and surveillance would not only depend on the development of the
computer but also on satellite technology. Henceforward, the Air Force's ideas
concerning weapons integration would be linked to the development of satellites, space

platforms, and space-flight vehicles programs.!77

‘771 Brown, USAF Histotical Division Study. An Air Force History of Space Activity 1949-1959.

Washington DC. US Government Printing Office, 1962, pp. 10-12.
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It was under these circumstances that the AFOSR launched the Far Side project,

a program to fire a rocket towards the moon. Atter nuny tals the project proved
unsuccessful. This led o the creation of the Natonal Actonavtie and Space
Administration (NASA) in 1957, With the tformation of NASA, the An Foree was
evicted from space research and consequently began questioming its eniire nunagement
of scientific research. The Air Force high command considered that s ambinon 1o
evolve doctrinally along with the latest scientific discovenies had been shown o be
seriously flawed by its incapacity to predict the eventual usefulness of outer space tor
military purposes. What was evident here. was the Air Force's will 1o hink this dominn
to its own concerns. Indeed, when the Air Force insisted on the exploitation ot outer
space for military purposes. it met strong oppositic from the US scwentitic
community. including the Awr Force Scientific Advisory Board (SAB). They
considered the Air Force's space ambition (00 futuristic. SAB members detended an
approach that stressed the pursuit of general survey of aeronautical and astrononmical
trends as opposed to the narrow and purely technical interest shown n the Air Force's
space projection.!’¥

On this occasion, civilian scientists from the Scientitic Advisory Group (SAB),

the National Academy of Science (NAS) and the Air Research and Development

KA For the SAB's civilian members, “While there 1s no doubt that the era of space Flight wath s
many military and civilian implications 1s at hand. it will be a long ume before the oot soldier, the
boat, the airplane vanish completely from the “surface” of the eanth” {M Gorn, The Universal Man,
op. Cit., p- 142.] For them, satellites and other space systems should only be consdered from
reconnaissance and communications point of view, and, they should not be grven more inportanie
than the regular air power problems: strategic warfare, air delense. tactical warlare and logintics
Against this new orthodoxy, the Air Force General Staff 100k an opposite position all traditional an
power problems should be envisaged in a space perspective. One SAB member said, <3 think we will
have a tough job 10 convince the Air Force that they are sull snterested i wings, tutojets and such
things. They have apparently decided to become s Space Forces [Memo T von Karman 10 members
the 1958 study group, May 1958 National Academy of Suience Quoted by M. Gorn. gp_oit. p T4}

—
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Command (ARDC) formed a coalition against the Air Force's quest for space
leadership. They issued a report that

..recommended the Air Force strongly support pure research on the matter of

space exploration. This would have two major benefits. It would provide the

Air Force with new information applicabie to space flight and, at the same

time. ready the Air Force to assume what would appear to be its logical

future mission of performing space logistics analogous to the Navy's

logistics capability in bringing scientific data back from the Antarctic.!?9

The Air Force refused such a role, and, in 1958 formed another committee, the

Stever Committee, that redefined the Air Force's role as responsible for the military
uses of space. This committee suggested immediate action on several points :

(1) Obtain a massive first generation IRBM and ICBM capability as soon as

possible. (2) Establish a vigorous program to develop second generation

IRBM's and ICBM's having certain and fast reaction to Russian attack. (3)

Accelerate the development of reconnaissance satellites. (4) Establish a

vigorous space program with the immediate goal of landing on the moon. (5)

Obtain as soon as possible an ICBM carly warning system. (6). Pursue an

active research program on anti-ICBM problems. The critical elements are

decoy discrimination and radar tracking. When these sgmblcms are solved, a

strong anti-ICBM missile system should be started.!

This statement articulated the relevance of outer space to defense, and convinced

SAB members. Consequently SAB was re-organized in nine panels to reflect these new
areas of interest. The Acromedical Research Panel became the Aeromedical/Biosciences
Panels. The Aircraft Panel changed to Aerospace Vehicles, indicating the interest in all
manned vehicles, astronomical as well as acronautical. Explosives and Armaments
turned into the Guidance and Control Panel.!8! It became clear that the problem was

not so much the individual mastering of each of these fields but their convergence and

179 The report was prepared by the SAB committee and forwarded by Dr. Doolittle (ARDC
director) who sent it to the of Chief of Staff of the US Air Force, T.D. White. Dr. Doolittle "Report
of the SAB Ad Hoc Committee on Advanced Weapons Technology and Environment”, 9 October
1957. Cited by L. Brown, USAF Historical Division Swudy, Mwmm
1949-1959, gp, ciL, p. 24.

180 Dr. J. D. Doolittle “Space Technology” memo to General T. D. White, Chief of Staff US Air
Force. 9 Decembre 1957.

181 Fyel and Propulsion became the Propulsion Panel, the Communications and Electronics Panel
was transformed into the Electronics Panel which reflected both preoccupations.
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development in tandem to harness outer space for military use. Accordingly. research
management within the Air Research and Development Command was restructured in
an interdisciplinary fashion. In 1958, the Aerospace Vehicles, Guidance and Control,
and Nuclear and Propulsion Panels were combined to form the Air and Space Weapon
Systems Division. The Electronics Panel was transformed into the Communication and
Information Handliug Division. Besides these panels, in 1958, a special Space
Technology Panel was formed from the representative of the USAF. Advanced
Research Projects Agency, and the nowly created (1957) National Aeronautic and
Space Administration.

Two years later, in 1960, it became clear that all major ICBMs in operation or
under development were about as effective as science could make them and their further
improvement depended only on the work of operations officers and site engineers. This
was not the case, however, of military space programs such as satellite reconnaissance,
warning, iaterception and manned vehicles. To better integrate weapon systems in the
new space era, a closer relationship and a more extensive exchange of ideas between
the Space Technology Panel and the Electronic Panels was required. Furthermore, the
General Staff USAF was also convinced that it was necessary that the entire acquisition
phases of weapon systems (development, procurement and production) be made the
responsibility of a single command. It was for this purpose that, in January 1961, the
Air Force Systems Command (AFSC) was created. The SAB and AFSC leaderships
agreed to reduce SAB membership and created several System Divisions (SDs). As a

result in 1961, the Air Research and Development Command and the Air Material

e ———————————
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Command were terminated and replaced respectively by the Air Force System
Command (AFSC) and the Air Force Logistics Command (AFLC).!82

Now, as the emphasis was on operational problems, the AFSC had the mission
to forecast the USAF's requirements in five to ten years and assess the deficiencies of
national defense policy, military strategy, and inter-service relationships. Furthermore,
it had the task of making suggestions on the improvement of US defense from
emerging scientific discoveries and undertaking an Air Force-wide program review,
named Project Forecast. As described by Gorn, "Project Forecast treated Technology:
Threat; Policy and Military Considerations; Capabilities; Costing; and Analysis,
Evaluation and Synthesis."183

While technology panels were concerned with almost all imaginable scientific
breakthroughs, members of the Threat Panel were assigned to assess the potential and
existing weapon systems of hostile countries. Unlike previous practices, the Policy
Committee in the early 1960s sclected research programs on the basis of US foreign
policy imperatives, whereas the Capability committee translated all research programs
(which passed through the Threat and Policy panels) into weapon systems. Finally, the
Analysis, Evaluation, and Synthesis committees did the cost-effectiveness analysis
based on data supplied by the Cost Committee 184,

Each System Division had the mission to make its program compatible with the
Air Force's space programs: unmanned satellites; space weapons, and manned
satellites. These satellites were to increase the accuracy of the already existing functions

of the SAGE system: electronic reconnaissance and surveillance; communications;

182 M. Gorn, The Universal Man, 0p, cit., p.96.
183 1bid. p.99.
184 14em. p.102.

————

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




102

control; navigation and positioning. The Electronic Reconnaissance and Surveillance
satellites were used primarily to pinpoint enemy air and missile defense radars and to
determine their range and signal characteristics. The information they provided was
used in planning strategic bomber penetration of enemy defenses and erection of
electronic countermeasures (ECMs) such as jamming devices and electronic counter-
counter measures (ECCMs) carried by aircraft!85,

As can be seen, in this picture, computers were the main tool for the
centralization of commands structures. In 1962, they operationalized the World Wide
Military Command and Control System (WWMCCS) which concentrated both nuclear
and conventional forces in the hands of Strategic Air Command (SAC). With the
emergence of satellite communications technology, SAC reached its maximum
offensive potential. The importance of satellite communication lay in its greater real-
time communication capabilities in comparison with ground installations. Satellites
made it possible to operate an effective centralized control over vast territories and
forces. This was indeed a greater centralization than the SAGE network of ground relay
communication systems had provided!86,

In 1965, the USAF established its Manned Orbiting Stations (MOS) program
with the objective of placing a small orbiting station in space for military
reconnaissance, surveillance and observation'87. From then, until the SDI was
announced (1982) no major policy on space defense was developed. In lieu of such a

policy, it was the air power based nuclear deterrence policy that through a constant

185 North Atlantic Assembly, Scientific and Tec hWnical Committee, lnformaton Document op The
Technology of Military Space Systems. London, Intemational Secreatariat, 1982, p.11.

186 1bid., p.9.

1871d4em, p.22
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upgrading of space system capabilities became the de facto space doctrine.'® In
1966, the United States Strategic Defense Satellite Communications Systems (DSCS)
was created to handle Worldwide Command and Control (WCC) of United States
military forces. Subsequently, to meet the defense communications requirements of the
Alliance, NATO began the development of a satellite communications system
(SATCOM) in 1967. The SAGE and the NAGDE computer terminals were thus
connected to these satellites to form an integrated communication network that provided
intelligence and information communication services to all NATO member countries, as
well as Command and Control for all NATO land, sea and air forces.!8? This greater
centralization of commands created a problem of flexibility, manpower and
compatibility between systems. As Manuel De Landa observed:

...the greater the increase in the information flow neceded to run the
operation... the more uncertain the final results. Far from solving this
problem, the computers ended compounding it by producing their endless
streams of information. What was needed was a means to interface humans
and computers so that they would amplify each other's strength: instead of
taking people out of the loop, computers had to be combined with people
into synergistic whole.!90

The problem of interaction between humans and machines was the first problem
faced by the centralization of commands. This problem would become common to all
NATO members and would be addressed in transatlantic terms when all the elements of

the US universe of political discourse in ICT will be diffused through NATO
interoperability requirements, transatlantic industrial alliances and OECD science policy
in ICT.

188 jdem, p.23

189 1dem p.11

'”D DcLanda.M p. 80. SecalsoE Felgenbaumandl’ McCorduck, The Fifth Generation:
i . ; e i ' cid. New York, Signet, 1984, p.274.
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2.7 CONCLUSION

Through my analysis of the relationships between the Air Force's representation
of military strategy and actions undertaken to build the ground and space
communication environment, I have been able to show how the Air Force became
hegemonic and what its discourse was. This analysis demonstrated that ideas, political
struggle, science and technology have all evolved in tandem since the mid-1940s in the
formation and transformation of this discursive regime. From the mid-1940s until the
early 1960s, this new discursive regime drew its legitimacy not from the age-old
Clausewitzian military discourse, but, essentially from an air power-based military
diplomacy that became the mode of association between the military, science,
technology and industry in the field of Information and Computer technology. The
interdependence between foreign policy, air power, military policy and science policy
was symbolized by the institutionalization of the practice of forecasting.

The institutionalization of this practice of forecasting became the structure that
integrated American air defense and science policy. Within this framework, American
science policy became primarily concemned with changing air defense problems while
the latter became scientifically and technically oriented. In this interdependent
relationship between science and the military, subsequent redefinitions of air defense
problems were not based on traditional military rules but in line with the advancement
of sciences whose orientation and internal dynamics were themselves heavily
influenced by foreign policy and military affairs . It was within this complex and dense
set of relations that the SAGE system was constructed. The SAGE was the event that

symbolized the so-called post-war electronics revolution and represcnted new priorities

on military command communication and control arising from specific mission
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objectives of delivering and intercepting means of destruction. It was a system that
fulfilled those objectives in the most optimum way.

The emphasis I have placed on the US Air Force's needs for digital computation
is not based on the assumption that before the advent of the Strategic Air Command,
the idea of digital computing did not exist. Rather, the aim was to show that this idea
became a technological and industrial reality only within the discursive regime created
by the Air Force. Only then did the digital computer became the core device for
Strategic Air Command and dramatically oriented computer industry towards

telecommunications in United States and Europe.
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Chapter Three

THE NATO & O.E.C.D. DISCOURSE ON SCIENCE POLICY IN
THE 1950S AND 19608

3.0 INTRODUCTION

This chapter demonstrates how the elements of the US discursive regime in ICT
were transmitted from the United States to Western Europe and affected the choices that
were made in Europe with respect to computers and their development. I argue that the
hegemony of this regime in Europe was not only determined by US technological
superiority and military force. Beyond this, there was also the power of ideas such as

interoperability and standardization developed by the Pentagon and adopted by NATO.

These became the framework for transatlantic industrial alliances during the late 1950s
and early 1960s. US military force and technological superiority shapcd the
transatlantic discursive regime in ICT once the European members of the regime
formulated their military, scientific and technological priorities in accordance with the
priorities defined with the US universe of political discourse.

The influence of the US universe of political discourse in ICT on the
transatlantic zone was diffused through notions such as rationalization, standardization,

and interoperability which reflected all three dimensions of power emphasized

o _______________________________________________|
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separately by neo-realists, liberal regime theorists and neo-Gramscians. First, was the

dimension of force represented by US technological and military force and emphasized
by nco-realists. This force became the basis for the development of rules and
procedures represented by the notions of rationalization, standardization and
interoperability. The emergence of these rules and procedures is what the liberal regime
theory depicts as a regime. However, such rules and procedures did not stand by
themselves they were supported by transnational social forces within the military,
scientific, technological and industrial spheres bounded by the hegemonic priority of
achieving reul time and time-sharing devices for military command. control,
communication an. intelligence. These forces. their common interests and
representations is the aspect of power emphasized by the neo-Gramscian concept of
hegemony.

Among the three perspectives, the neo-Gramscian perspective is the most
comprehensive because it takes into account the relationship of force. economic
interests and the role of ideas in the hegemonic formation. However, like the liberal
perspective on regimes, it has the tendency to see more congruence of view and
overlooks contests and contradictions within the hegemonic formation. | developed the
concept of hegemonic discursive regime in order to show that contradictions and
contests are key factors in the formation and transformation of regimes. For example,
in ICT towards the end of the 1950s, the Pentagon-NATO doctrine of standardization
which was the result of the immediate post-war US economic and technological
strength was contested by Europeans as the latter rebuilt their industries . This contest
undermined the practice of standardization and the policy of transatlantic rationalization
of military procurement and limited the transatlantic discursive regime to the notion of

interoperability. The latter meant: "The ability of systems, units or forces to provide
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services to and accept services from other systems, umits or forces and to use the
services so exchanged to enable them to operate effectively together."!9!
Iateroperability was thus a modified version of standardization but in return itselt
became controversial because it meant from the American pu.im of view the
«commonalty of equipment types und often implied that it was US equipment which
should be common»!9? while for the Europeans and specially the French, the term
meant the ability of systems of different national origins 10 operate together. Towards
the end of the 1960s this divergence of views resulted into tiic notion of specialization
and rationalization. These terms structured the debate on computer policy both within
NATO and the OECD.

This chapter shows that controversies and disputes do not imply the absence of
hegemony. They imply instead that US operational concepts such as Command,
Control. Communication and Intelligence became hegemonic and structured the debate
within the Western Alliance. Here, NATO and the OECD played respectively technical
and normative roles. These organizations not only reflected the power of the United
States as neo-realists argue, and the power of implicit and explicit norms as liberal
regime theorists would maintain but alsc the dominant view of the most dynamic
elements of transnational capital and certain sections of the governments as neo-
Gramscians believe. This chapter suggests that NATO and the OECD harboured
congruent vicws as well as contradictions between social forces at the national and

international levels. In keeping with the concept of discursive regimes, I will highlight

not only the willingness to cooperate . but, also contradictions implying political and

191 See T. Taylor, Defense. Technology and Intcrnational Integration. London, Frances Pinter.

1982, p.9. Also Dictionary of United States Military Terms lor Joint Usage. Joint Chicl of Staff. JCS
Pub.1l. Washington, D.C. | Dec.. 1964, p.133.

192 T, Taylor. gp. giL. p. 8.
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technical disputes that are at the heart of the formation and transformation of the

transatlantic discursive regime.
3.INATO AND THE EMERGENCE OF THE NOTION OF INTEROPERABILITY

The first attempt By NATO to transmit in Europe the elements of the US
universe of political discourse in ICT was the creation in November 1949 of a
transatlantic Military Production and Supply Board (MPSB). MPSB's role was "the
promotion of more effective methods of procuring military equipment and the
standardization of parts and end products of military equipment.”193 In 1951 the
Aulantic Council established a Standardization Policy and Coordination Policy
Committee and a Military Standardization Agency. There was no doubt that in the
beginning one cannot speak of interdependence but rather of dependence implied by the
notion of standardization. This term as defined by the Pentagon and adopted by NATO,
meant:

The process by which member nations achieve the closest practicable
coocperation among forces; the most efficient use of research, development
and production resources; and agree to adopt on the broadest possible basis
the use of (a) common or compatible operational, administrative, and logistic
procedures; (b) common or compatible technical procedures and criteria; (¢)
common, compatible, or interchangeable supplics, components, weapons or
equipment; and (d) common or compatible tactical doctrine with
corresponding organizational compatibility. 194

This definition supposed not only a transatlantic agreement on engineering
standards of military equipment and components compatibility but also a congruence of

views on basic tactical concepts and strategic procedures such as those involving the

izati Poljti Mni ili .'e'xq'
House lnternauonal Rclauoas Commnwe by the Congmstoua! Reswch Service, 29 March 1977,
Washingion DC. US GPO, p. 50.
194 Rationalization / Standardization within NATQ. Fourth Report to the Cong~<s by the Secretary
of Defense, Jan. 1978 cited by T. Taylor, gp, Cit.. p. 8.

|
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




110

implementation of "massive retaliation” and the Command. Control and
Communication processes described in Chapter Two. Between 1949 and 1957 this
transatlantic process of standardization was facilitated by the "._.de fucto commonalty
of weapons which stemmed from dependence on American aid” 'Y under the 1949
NATO provision of the Mutual Defense Assistance Program. These cight vears ol
transatlantic standardization reflected the US economic. miluary and technological force
and European dependency. There was no debate among the allies because the process
was a "one-way"” flow of military goods from the US to Western Europe. Second.
there was no resistance on the issue of standardization because Western Europe needed
to rebuild its military forces and was indeed assisted by the US as the latter established
in Europe many “...production centers...and the allies received the output of these
centers as aid."!%6

It was within this context of European dependency that US Air Force concepts
began to materialize in Europe and NATO emerged as the institutional mechanism

through which the US Air Force transmitted its science policy to EuropelY7. Indeed. in

195 T. Taylor. op. cit,. p.18.
196 [dem. p.20.
197 It is well known that NATO is an alliance and organization devoted 1o defense tasks. However,
less well known is the fact that the defense organization is also engaged in scientific activities for non-
military purposes and indeed it is rarely asked why NATO is involved, for example. 1n science policy.
Those who have studied NATO's science policy commitments simply cite Article 2 of the Treaty as
sufficient reason for NATO involvement. The latter stipulates:
The Partics will contribute toward the further development of peacclul and

friendly international relations by strengthening their free institutions, by

bringing about a betier understanding of the principles upon which these

institutions arc founded. and by promoting conditions of stability and well-

being. They will seek to climinate conflict in their international economic

policies and will encourage economic collaboration between any or all of

them.

Nothing in this article says that NATO should be involved in scientific acivites. However
given what has been said so far, the necessity of NATO implication scems (airly straightforward Since
the US military structure was dominated by the USAF and since the US musliary dominated NATO,
this organization's technical problems were indistinguishable from USAF's problems. Given these
parameters, it should come as no surprise that the USAF was the first institution (o start building

_
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1950, just one year after the creation of NATO, Theodore von Karman, the architect of
the USAF science policy. undertook the reform of European science policy. He
suggested in particular the creation of a scientific advisory group for NATO. With the
approval of General Vandenberg, von Kirman traveled to Europe in the summer of
1950 to study the state of acronautics in a4 number of Western European countries.
Upon his return 1o the Pentagon, he solicited the Chief of Staff's support for a
permanent, international committee of scientists to harness European and North
American science for common defense. The following February. twelve nations were
invited to send representatives to Washington, D.C. 1o discuss the idea. Eight countries
sent scientists who quickly drafted a proposal for the NATO Advisory Group or
Acronautical Research and Development (AGARD). They recommended that AGARD
act as a clearinghouse for European technical information relating to aeronautics and as
an advisory group to NATO govemments on how European science could be employed
in the interest of the Atlantic Alliance.!%¥

In this context, the AFOSR recommended the creation of an European office
under the command of the Air Research and Development Command to which the
AFOSR was responsible. Following this recommendation, in 1952, the European
office was established in Brus« ... Belgium.!° The European Office worked under the
supervision of the AFOSR. It was mainly a procurement and monitoring office that had
neither a research program nor research funds of its own. Its task was to evaluate

European research proposals and send them to the AFOSR (in the US) who reviewed

coherent transatlantic science policy. A. King gp. cit and J. Touscoz. La coopération scicntifique
internationale. Paris. Editions Techniques et Economiques 1973.

198 T von Karman Wind and Beyond. m..cn.w 325-329.

199 ARDC Historical Division, Hisio . Reica
Ardington. US Goverament Printing Office, 1956 Vol. l p210
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them to see if they fitted the Air Research and Development Command's rescarch

programs2®. Following the creation of the European office. the Electronics and

Communications panel of the Air Research and Development Command estabhished an
electronic technical laboratory under NATO. This laboratory was stafted by Europein
scientists whose task was to develop an integrated control and waming system 1t was
felt that the lack of such a system (and poor communication generally) within NATO
minimized the US Air Force's contribution to European defense 20

In 1957 after the launching of Sputnik. the North Atlantic Council created the
NATO Scientific Committee chaired by the NATO General Secretary Scientific
Advisor202. From its inception, the NATO Scientific Committee worked under the
authority of the Organization's General Secretary who chaired and assumed the
responsibility of implementing NATO's decisions. The General Secretary also chaired
NATO's International Secretary composed of an Executive Secretary and four
Divisions each chaired by a vice-Secretary General: Political Affairs; Economic and
Financial Affairs; Production, Logistics and Infrastructures and Scientific Affair.. ™

NATO vice-General Secretary had many functions. He advised the NATO
Council on scientific problems related to the organization, chaired and administered the
Scientific Committee’s work and meetings, and assumed the function of a liaison
between NATO's military and civilian authorities. Furthermore, he was also n

permanent contact with member countries’ administrations in charge of elaboration of

200 ARDC General Order N°48, August 1952. Quoted by N. A. Komons, pp. cit, p. 33

201 [hid,, p.73.

202 This measure was taken afier the recommendations formulated by several working groups
the Commutte of three Ministers - G. Martino (ltaly), H. Lange (Norway), 1..B. Pearson (Canada). the
Working Group chaired by Dr. Koepfli (United States) and the Commutiee of NATO) Members of
Parliament (1957) OCDE, La coopération scientifique intemationaic. op. sat.. p 76

203 Ibid.. p.74.
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policies for other international scientific bodies whose work interested NATO.20¢ Such
organizations included the OECD Scientific Committee and the European Council, the
European Nuclear Energy Agency (ENEA) and the European Military Co-ordination
Communica*ion Committee (EMCCC) which was composed of two subcommittees: the
European Long Lines Agency (ELLA) and the European Radio Frequency Agcncy
(ERFA).205
A distinction should be made between NATO's Scientific Affairs and NATO's
Scientific Committee. While the vice-Secretary General for Scientific Affairs had both
internal as well as external roles in NATG, the Scientific Committee had only an
internal role. I brought scientific and technical matters regarding the Alliance before the
NATO Council. Its recommendations always concerned national scientific and technical
programs and direct actions to be engaged by NATO in support of these national
programs. It also recommended to the NATO Council support for other international
organizations whose activities interested the members of the Alliance or favored the
development of their scientific potential. Decisions regarding NATO Scientific
Commitice's reccmmendations were always taken in unanimity by the Council
members. 206
NATO's research was clearly divided into civilian and military programs. In the
civilian chapter, NATO sponsored scientific fellowships in all scientific disciplines and
summer study programs in selected areas, notably in mathematics, astronomy,

chemistry, physics and other applied sciences. It also gave subsidies to civilian

204 y4em
205 premier Ministre - Comité de Coordination des Télécommunication, Documentation méthodique
Engguk_L 3° Edluon Mm 1963, p lS
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research in oceanography, operational research, meteorology and radiometeorology and
electronics.297 Most of NATO's military research was sponsored by AGARD which
depended on the NATO Permanent Group and various Technical Groups composed of
experts from member-countries forming several committees: Acronautical medicine:
Space; combustion and propulsion; Aerodynamics; Fluids Dynamics and Structures
and Materials.208

The NATO Military Committee and Permanent Group played a role (similar to
Project Forecast's Military Group [See Appendix I]) in advising the NATO General
Secretary. While the NATO Council of Committees was the counterpart of the Project
Forecast's Ad Hoc Consultant Group, NATO Scientific Affairs had a similar role to the
US Forecast's Technology and Capability Panels. Similarly, Project Forecast's Policy
and Military Consideration, Cost, Analysis, Evaluation and Synthesis functions were
undertaken respectively within NATO, by the Organization's Political Affairs,
Financial and Economic Affairs, Production, Logistics and Infrastructure Committees.

NATO's various Commitices applied the appropriate measures taken by the
Council. From a scicnce policy point view, these committees were intended to
contribute to the homogenization of NATO-members' armament procurement policy.
Their role was to promote the adoption of common armament standards and the
rationalization of armament production. As defined by the Pentagon the term
rationalization describes

any action that increases the effectiveness of Allied forces through more
efficient or effective use of defense resources commitied 1o the Alliance.
Rationalization includes consolidation, reassignment of national priorities to
Alliarce needs, standardization, specialization, mutual support, improved

R
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intcr-opcrability or greater co-operation. Rationalization applies to both
weapons/material resources and non weapons military matters.209

Rationalization implied the subordination of national priorities to NATO objectives and
the co-ordination of research and development.210

There is no doubt that this regime of standardization and rationalization was
favored by the US economic and military power. However, from the liberal regime
theory, these standardization and rationalization rules and procedures should have
become autonomous from US power. This was not the case despite many changes in
computer and telecommunications technology. Standardization ended soon after
European industries recovered from war damage and consequently the problem of
incompatibility between weapons systems of different national origins emerged. This
was not a technical problem but a political issue that cannot be explained by the neo-
realist notion of free-riding because the US was not in economic decline. The problem
of incompatibility was a political gmblem of a different nature. It was a problem within
the transatlantic discursive regime‘that brought to the fore the problem of vulnerability
of Western European states vis-3-vis US technological and military superiority. In
1959, while the United States sought standardization as the optimal solution for more
equitable "burden-sharing” and better defense the other allies felt that standardization
was less urgent than the danger of US technological and economic dominance. It was
within this context of conflicting interests that interoperability became for the European
a term that did not include standardization whereas for the US Congress "the greatest
degree of interoperability can be achieved through standardization. Standardization
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itself concerns equipment and other matters - such as training and doctrine.
Interoperability is an aspect of standardization not an alternative to it."2!!

Despite this disagreement, the European notion of interoperability prevailed. It
became a half-way compromise that took into account the common defense procedures
such as command, control and communication and the European countrics’ desire to
protect their industries from the US large defense corporations.2!2 In military
communications sector, for instance, the word interoperability implied not only the
commonalty of equipment but “the capacity of units using different equipment types to
exchange comprehensible messages."2!3 Inter-operability could thus be achieved
through different end products but with common subsystems. It implied some
technological dependency but not total dominance of the European defense market by
American companies.

This compromise was not without ambiguity. It was still not clear how to
achieve technical inter-operability leading to a compatibility of equipment without
standardization of components. This ambiguity, far from implying the stagnation of the
transatlantic discursive regime, shows that different interpretations and contradictory
interests led to the transformation of transatlantic relations. This transformation was
institutionalized in 1958 by the abolition of the NATO Production and Supply Board,
the Standardization Policy and Coordination Committee and the Defense Production
Committee and their replacement by the Conference of National Armament Directors

within NATO. As this transformation reflected a shift from dependence to

211 tdem, p. 10.
212 Robert Rhodes James, "Standardization and Common Production of Weapons in NATO" , Defcnsc

Technology and the Western Alliance. No.3, London Institute for Strategic Studies, 1967.
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interdependence, from 1958 onwards, NATO was no longer a mere reflection of
American power nor simply an organization that functioned according to autonomous
rules and procedures. Moreover, it certainly did not represent a congruence of member-
states’ views in all domains. NATO became one among other institutional mechanisms
of the transatlantic discursive regime and the latter a process where convergence of
views and interests coexisted with divergence. This contradictory aspect of NATO was
represented on the one hand by the wide acceptance on both sides of the Atlantic of
doctrinal notions such massive retaliation, command, control and communication and
on the other by the varying interpretations and positions represented by the vague

notion of interoperability.

3. 2INTEROPERABILITY AND THE BUILDING OF THE NADGE SYSTEM

Neither the change in computer and telecommunications achieved in the United
States nor the Soviet launch of Sputnik were enough to reduce national differences.
Although for the European members of NATO, building the NATO Air Defense
Ground Environment (NADGE) system meant that they had to adapt their air defense to
the SAGE system?!4 and its development?!5, they nevertheless had to maintain

autonomous tactical command and industrial infrastructure.

214 After 1958, the political alliance that linked NATO member countries was technically
reinforced by the extension of the SAGE system to Canada, through the NORAD Cheyenne Mountain
Complex (CMC) for primary warning purposes. The CMC air-defense system organizational structure
was composed of the Air Defense Operation Center (ADOC), Acrospace Defense Intelligence Center
(ADIC) and NORAD Command Post (NCP). ADOC obtained attack warning, track and other
information from seven Regional Operations Control Centers (ROCCs) located in Greenland, Iceland
and in the United States. NPC provided attack wamings and assessments not only to the U.S. National
Command Authorities (NCA), the National Military Command System (NMCS) and the U.S.
Strategic Air Command (SAC), but also to (he Canadun govemment and l.o all US. alhes SeeF. L.
Gertcher and W. J. Weida, B . , ic 0101
San Francisco and London, Wcstvuew l’ress. l990 p. 109. Also see B, Blmr, Wm
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The NADGE system can be described as ¢ network composed of all NATO
member-countries’ military communication systems. Each country has its own Air
Defense Ground Environment (ADGE) system. The sum of the parts is still known as
NATO Air Defense Ground Environment (NADGE). The system functioned in its carly
days through "...the use of modulated signals over limited bandwidth telephone lines (a
technique dating back to the growth of telegraphy..."*!16 under the control of ditferent
organizations both nationally and internationally. Nationally, data was exchanged
between the strategic command under the authority of the national air forces and the
tactical deployments belonging to different military services: air forces: navies and
armies. Internationally, in the case of France, the exchange was between NATO Air-
Defense Ground Environment and the French Svstéme de Traitement des Informations
de Défense Aérienne (STRIDA)2!7, a French version of Air Defense Ground
Environment.

As described by P. A. Kennedy, NATO command, control and communication

structure is composed of several (developed differently) mobile and static systems.

Control: Redefining the Nuclear Threat. Washington DC, Brookings Institution 1985, «NORAD

Profile», Defense Electronics Magazine, and the «Military Balance, 1985/86», Air Force Magazinc.
Air Force Association, February 1986.

215 France was linked to U.S. electronic command through NATO Air Defense Ground
Environment (NADGE). The organism that manages all European military communication systems is
the European Military Coordinations Commitice (EMCCC). Sec Comité de Coordination des
Télécommunications (CCT). Documention méthodique. Fascicule I: Organization. 3ieme Edition mars
1963, p.15.

216 D F. Bird, "lnwmnuonal Standards in M:Inary Commumcatmns" International Conference.
' OIm; ) X Application, Organized by:
lhe Compulsng and Comrol Dwnsson of lnslmmon of Elecmcal Engmecrs. in association with: the
British Computer Society: Institute of Mathematic and its Applications; Institute of Mcasurement and
Control; Institute of Physics and Institution of Electronic and Radio Engineers. Venue: Bournemouth
International Conference Centre, 16-18 April 1985, p.106

217 A full description of the French system had been made by D. Coulmy (DM.A/D.T.CA -
Service Technique des Télécommunications de 1'air- France) "Organisation du STRIDA. Systeme de
Traitement des Informations de Défense Aérienne”, In North Atlantic Treaty Organization - Advisory
Group for Acrospace Research and Development (AGARD), AGARD Conference Proceedings No, 149
on Real Time Computer Based Systems. Athens, Greece, 27-31 May 1974.

|
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”

Each of thesc systems, had "...a degree of autonomy with regard to information
handling, and varying in support from being entirely manual to possessing a high
degree of automated assistance."2!® The political disagreement between the allies, the
technological differences of their military communication systems and the immediate
NATO operational requirements have forced NADGE to operate since the beginning,
according to the capability of its lowest and common denominator.2!? In other words
the NADGE system was adapted to the political divergence between the allies through
the accommodation of US technological power to European technological vulnerability.

Nevertheless, all national systems were required to evolve towards Automatic
Data Processing (ADP) in order to communicate data digitally. In consequence, the
evolution towards this fixed objective transformed the political solution of inter-
operability into a technical problem. The challenge for the emerging transatlantic
discursive regime was how to reduce political divergence among its participants. In the
carly 1960s, interoperability within NATO circles was no longer a notion that
highlighted the technological vulnerahility of Western Europe vis-a-vis the US but
became a problem of interconnecting computers of different national origins through
the medium of data transmission. Through interoperability it became possible o0
introduce the US Air Force’s notion of real-time and time-sharing into Europe. The
European effort to achieve real time and time sharing system raised the issue of
computers inter-working or in other words the ability of computers to exchange data
digitally within the system and across its interconnections. The requirement of digital

communication meant that the technical problems that the Lincoln Laboratory had dealt

218 p A, Kennedy "Command and Control in the lmemauona! Arena”, mmmam_gnn[gm
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with during the building of the SAGE were transferred to the US military allics.
Western European electronic firms too had to shift their priorities in computers from
batch processing to time-sharing. As in the case of SAGE, digital time-sharing
computers would allow Western European air-defense systems to operate a network of
communications circuits where information in a form of pulse trains, speech and vision
were converted into a suitable form through the process of "data fusion”.220 This was
to enable Western European communication systems to gain many technical advantages
such as fostering telecommunication systems that are immune to noise and exchanging
clectronic information through the technique of switching.22!

Through the above NATO military communications requirements, Westemn
European countries entered the era of digital communication and time-sharing
computing. Immediately after the construction of the SAGE system, in 1959, the IBM
World Trade Corporation began several laboratory and field experiments on switched

and military communication lines for construct'on of new data transmission systems in

220 According 10 G.B. Wilson:

If there are 100 aircraft in the area concerned then, in the end, the
Command and Control System should ideaily have 100
comprehensive and accuraie reports - one of each aircraft. Of course
if we have twenty sensors we could conceively start off with
twenty reports on each aircraft and the problem faced would be in
reducing the 2000 possible reports to just the 100 which the
system should finish up with. [...] It is this process which
is given the blamket description of "data fusion... (I
emphaswe) (G. B. ston «Somc Aspecls of Data Fusnon»

221 In telacommumcanon engmecnng swuchmg is 'Thc pmvnswn of point-to-point connections
between constantly changing sources of information and their intended recipients”. A switching system
is particularly important where an interconnection communication system such as the NATO NADGE
is composed of different communication systems as described above. See P. M. B. Walker, CBE,
FRSE. Cambridge Dictionary of Science and Technology, Cambridge University Press, third edition

1992, p. 249.

4
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Western Europe.222 The company conducted these experiments "...with the strong
support of government communications laboratories and agencies [in] Switzerland,
Holland, France, England, Germany, Sweden, and Norway..."223 Here again we have
a case of military leading and IBM following. This was, in part, how IBM transformed
its US monopoly into a transatlantic monopoly. The need to achieve technical inter-
operability within the context of asymmetrical interdependence became the basis for
many transatiantic industrial alliances.
3.3 IBM MONOPOLY AND TRANSATLANTIC INDUSTRIAL ALLIANCES IN
THE COMPUTER SECTOR
This section shows that the transatlantic discursive regime in ICT was not

simply maintained by US power or only by the rules and technical procedures of the
policy of interoperability. Of crucial importance in this regime were also the American
firms-dominated and militarily-encoded innovation process in the electronics industry.
Overlooking the importance of these two factors in the global dynamic of the industry
led many misleading analyses at the time. For example, according to an OECD Group
of Experts' report:

The history of the computer industry can be divided into three stages the

period beinre 1950s can be described as the “pre-industrial stage”, the second

period from 1950 to 1960 is characterized by the pre-eminence of the first

generation of computers (with vacuum tubes), the third period from around

1960...is that of solid state technology (i.c. transistors and later integrated

circuits)...In the pre-industrial period, Germany, the United Kingdom and the

United States appear 1o have been more or less at the same technological

level, even if the United States has had a much wider influence on other
countries. The second period - roughly the 1950s - is marked by the

222 E, Hopner, “Phase Reversal Data Transmission System for Switched and Private Telephone Line
Applications”, [BM Joumal of Research and Devclopment, Vol. 5. N°2, April 1961, p. 93.
223 1bid., p. 103,

e ——————
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disappearance of Germany in the group of lcchnolukml leaders. The third
period only one country remains: the United States. =<4

This historiography itself is not problematic. What is debatable is the Group of
Experts' analysis of the disparity between the major countries. According to the same
report the computer industry does not "confirm the picture offered by several other
advanced industries, whereby the technological leadership of certain European
countries in the initial stages of an industry is lost as soon as the industry expands
beyond a certain level of size and technological complexity."25 The difference
according to the report lies in

...the fact that computers form complex systems. rather than individual
products. What the customer is interested in is the quality and performance of
the system as a whole, not in that of any single component of the
system...Furthcrmore the process of system innovation is continuous: a
particular computer is regularly upgraded and the later computers of any typc
usually have higher performance than the carlier ones of the same type.226

The OECD report does not explain why the US was the only country in the
“third stage"” of the industry's history nor why the innovation process was continuous
rather than discontinuous. One could argue like Raymond Aron that the computer
industry shows that “"American superiority in research and development was
cumulative. It builds on itself and tends to increase because the mass of the resources
which can be devoted to research is greater as the overall national and corporate
resources are greater.” Although this realist explanation is right from the descriptive

point of view, it is still analytically partial since the principle cause of American

technological superiority cannot be at the same time greater American R&D resources

224 OECD - Directorate for Scientific Affairs,

Gap_in_Techoology betweca Member Couptrics,
mmmmmumw DAS/SPR/68.22 Restricied. Paris 12th
\ sgusl 1968, p.37.

226 1dem, p.39.
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capacity. As an alternative to this circular explanation, this thesis suggests that beneath
US resource capacity lies the Air Force's practices that structured the computer industry
according to the US air defense system whose upgrading required incremental
technological changes. As I noted earlier, the air defense system was made flexible
enough to allow continuous change. In effect, between the late 1950s and carly 1960s
changes in the computer technology evolved in tandem with changes in the US air
defense system. This explains why the US was predominant in the computer industry
and the latter's process of innovation was not discontinuous but rather continuous as it
occurred within a computing paradigm formed by the military requirements of the
transatlantic discursive regime.

As Table. 1 (Chapter Two) showed. IBM and other firms were the industrial
agents of this discursive regime but they were not the major agents for structuring
change in the computer industry. Although IBM dominated Air Force procurement of
computers, other computer manufacturers were not excluded from total US defense
procurement. However, as Table 2 shows that until the late 1960s, defense

procurement was an important market for IBM.

BEBSESNRSNNNRREREEE
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TABLE. 2: "Sharc of Department of Defense markets and share of the total computer market of the
main manufacturers in the United States (number of instaliation)”

Name of the frrm 'ID;gﬁ markel 1n Total U.S. computer market
in 1962 in 1967
F a5 1% 65. 8% 0%
ONIV 14.6% 8.7% 121%
NCH 13.0% T.7% 10.8%
A 8.3% 1.6% 230
X 3.3% 3 0% 3.7%
BURROUGH - 2.0% 330 3.3
GE T.8% 1% 2 3%
AONEYWE 2% 0.6% 6%
ALL OTHERS 0.4% 16.3% 87%
OTAL 100% 100% 100%
Sources: R. Weber, O.E.C.D (original from the 258

the Depaniment of Defense). Statistical Index. Cited by O.E.C.D, pp. ciL.. p. 102.
Most of these computers were not installed by the Department of Defense

(DOD) for communication purposes. DOD used computers as scientific instruments,

tools for office management and in other weapon systems: bombers, fighter aircraft and

artillery. Table 3 shows that other companies responded to the DOD's other

computation needs.227

227 According to the U.S. National Bureau of Standards:

In July 1964, the Government was using directly approximately
1.767 computers. In addition, approximately 2,000 computers are
used by the Depantment of Defensc as components of weapons
systems and other classified purposes. Also approximately 2,000
computers are used by cost-reimbuscment contractors for
Governm~nt at Government cxpense. Thus the number of
computers whose use is financed by the Federal Government i
more than 30% of the estimated national total of 22,000
computers. The estimated total fiscal year 1965 annuul operating
cost for all computers by the Government is approximaicly $ 3
billion, or roughly 3% of the Federal Budget.

R
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ompanics Number of computers] Percentage purchased
operawdtyrgOD
6

BM

| UNIVAC 204

198

116
77
4]
23

IV.\" '\'d 16

80

42% (Average)

Nevertheless. despite the lack of information reearding the types of computers
and their ability to inter-work. IBM clearly dominated not only the military
communications market but also overall defense procurement. Furthermore, the above
table also indicates that the US govemment was able to afford many types of computers
from different companies. The military use of computers gave a monopoly to IBM and
influenced the worldwide demand for American digital computers for both military and
civilian uses. In 1965, projected use of digital computers in telecommunication
included:

...controlling switched systems either in the capacity of automatically
storing and forwarding messages or operating automatic telephone exchanges.
In addition, there [were] many other functions in a communication system
which can be improved or made feasible by the use of [digital] computers.

Automaltic allernate routing in telephone systems, automauc maintenance,
transmission quality monitoring and control are but a few.22

Housc of Reprcscnmwe Represenlatwe Cumm Activities of NBS Related ‘to Computer Science,
‘ 2 Mmaniticy i )pcration. 89th Congress, 1st

Scsuon March 3l 1%5
228 M. C. Andrew. “On Communications and Data Processing: A Foreward". IBM_ Journal of

Rescarch and Development. Vol. 9, N°1, July 1968, p.227.

—
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Table. 4 shows that with exception of the British market IBM donunated not
only the U.S. market. but also those of France, Germany. Holland and Belgium.

TABLE 4. IBM dominance in the major Western European computer industries in 1962,

Belgium

1962
Nbr [ %
19 26.8
3.0

Table S indicates the presence of the U.S. electronic companies in Europe

during the “third stage™ of the history of the computer industry. This presence not only
illustrates the dominance of US technology but the European acceptance of discursive
elements such as real-time, time-sharing, electronic command and control, fusion

between computers and telecommunications not under the policy of interoperability. It

was under this policy of interoperability which meant asymmetrical interdependency in

ICT that transatlantic industrial alliances were formed through licensing (Table 5) in
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order to allow western Europe to contribute to the building of the NADGE system and
also to fill the gap of European private business computation needs.

ame rm ountry of Opera ame o censor
e CERMANY o

FRANCE GE
FRANCE
'UNITED KINGDOM RCA
'ONITED KINGDOM | THOMP3SON

() UNITEDRKINGDOM | TRW3D3S

T JAPAN

UNITED KINGDOM ™ |HONEYWELL
UNITED RKINCDOM™ IBM

- , TBM
KINGDOM
SWEDEN

o JJTALY M
GERMANY

In accordance with this trend of cooperation between US and European firms,
the 1962 Instruments, Electronics and Automation Exhibition in London was
dominated by the theme of data transmission, not only for the military but also for
business. As had been the case for the military, "Manager, accountants, and
administrators have found their speed of working naturally tied to the speed of their
information links to other places. These links are found to be...inadequate."22? It was
not immediately evident to the general public that these high speed data transmission

capabilities were trully justified. As noted in the British Communications and

229 “Daga Transmission - Too Liule or Too Much”, British Communications & Electronics. Vol. 9,
No.6, June 1962, p 411,
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Electronics’ editorial: "Perhaps commercial industry is to be mesmerized by what has
been accurately and dramatically described as digital-data-hypnosis: a desire for data
without knowing what do with it."230

This civilian urge for the digital computer indicates the spill over of military
concepts such as "real-time” and "time sharing” over the civilian industrial sphere. Like
their military counterparts, business leaders also wanted to use speed in order to
overcome the limitation of distance. Like US military communications systems that
used ground installations as well as satellites, the owners of the civilian intercontinental
system also wanted to develop a system that would "ensure communication between
automatic networks of substantially different design on either side of the Atlantic."2"
This diverted Western European interests from special-purpose analog computers and
oriented science and industry towards general-purpose digital computers.232

As a result of this tendency towards the increased used of general-purpose
computers, in October 1961, the Conseil Consultatif International Telegraphique et
Telephonique (CCITT)?33 "Special Study Group A" met in Geneva and reached an

agreement on the standardization of transmission channels, of parameters for data

230 Ipid,, p. 411.
231 R . Chapuis and A. E. Joel, W@M&SMMJM&(

232 Thns does not mean that the mlog compmcr do not have any advamage over the digital
computer. Analog computers were very useful for scientific observation and inquiries because one of its
main advantages is the ease with which it can alter the time scale of events in a system, so that they
may speeded up or slowed down for more convenient observation. It had also been used successfully as
a simulator for testing automatic pilots. But the technique is known as being very limited in terms of
calculation accuracy and does not have the speed necessary for automatic data transmission in real-time.
See E. Lioyd Thomas, “Analog Computation”, British Communications and Electronics. Vol. 5, N© 5
May 1958, p.349 and p. 358. Other proponents of the analog computer have writien that "...there has
been a tendency to forget about analog computers and (o overlook the progress they have been
making...the digital computer as it stands, in spite of its undoubted superiority in many cases, still has
long way to go before it can surpass the analog device in all applications” R.B. Quarmby “Electronic
Analogue Computing: Survey of Modern Techniques™. Wirless World. March 1954, pp.113-118

233 CCITT is a United Nations established committee in Geneva for tariffs, technical standards and
conformity in order to facilitate international telecommunications.
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modem equipment in telephone type circuits and for operating procedures. It should be
noted that this standardization was only about modems that allowed inter-operability
and did not concern the machines that run each national system. However, here again
business telecommunications like their military counterparts had to face the same
problem of interaction between humans and computers. The conception of the interface
between data transmission and data processing was introduced and defined, with
CCITT accepting responsibility for the channels and modems within the interfaces234,
An interim transatlantic communication system was built in 1963 to provide semi-
automatic service between New York and London and between New York and
Frankfurt. As in the case of military communications the interim system was a

...compromise between American technologies and trends and those in favor

at the time in Europe. Simplicity of design was the guiding principle both to

cnsure rapid decision making and to facilitate physical construction of the

terminals of the system, whose main features were:

- line signaling to afford two-way circuit operalion...

- multifrequency code (MFC) inter register signaling using only MFC
signals in the forward direction to transmit the address signals (digits of the

called number)??
The transatlantic orientation of the European ICT industry in the early 1960s as

described in Table S, was not entirely the result of the re-organization of Western

European civilian and military communication systems. Restructuring of the post-war

economies and industrial production in Europe also required the use of computers. In
«adustry, computers were to be used to solve a number of problems ranging from

animal breeding and managing automobile factories to oil refining.236 In government

B4Ry ChapmsandA E Joel, memmmﬂwx

235 m:m pp- 454455
236 “The Use of Computers for Optimal Planning", British Communications and Electronics. Vol. 6,
N°11. November 1959, pp. 776-778.
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policy, computers were considered as tools to implement government economic. social
and military decisions in "optimum ways".237

Since computers had to be used everywhere, the transatlantic
standardization/interoperability debate in ICT had spread from the military sphere to the
economy. Consequently, the European problem with inter-operability and the
technological gap vis-a-vis the US became even more acute. In order to overcome this
gap, transatlantic industrial alliances and licensing were insufficient since Europeans
had also to generate an internal dynamic that would allow them to appropriate American
techniques for their own use. Here the US practice of "big science” such as those in
nuclear energy, electronics and space research became an example and a solution to
Europe's scientific and technical relative weakness. In effect, Allied governments felt
that science had an important role in the development and defense of their communities.
These governments considered that henceforth, all policy objectives should be
associated with the progress of science. Governments thus had an important role both
in financing science and technology and in promoting international co-operation.
International co-operation was, therefore, considered the most efficient means of
attaining national and international political objectives which ranged from social,
cultural and economic development to defense policy.238 That was the context within
which the OECD played a crucial role in carrying American science policy to Westemn
Europe.

« Comment of the Month: Policy-Making by Computer», British Communications and
ﬂmﬂ Vol. 4, N° 3, March 1957, p. 137.

238 OCDE, La coopération scientifique internationale, Paris, OCDE. 1964, p.20

e
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3.4 THE OECD SCIENCE POLICY DISCOURSE AND ITS USER POLICY

In the early 1960s the OECD presented the interest of government in science as
a new phenomenon. It claimed that the political and economic dimensions of science
had appeared only after World War Il when political and economic institutions in
United States felt that they needed scientific information related to their problems. This
was an effort to present American scientific and industrial practices during and after the
World War II a: a model for the post-war Western European scientific and industrial
policies. The OECD suggested the creation of purpose-oriented scientific and technical
organizations, the establishment of teams for operational research and the creation of
technical and economic consulting groups. These measures, according to the OECD,
would helo governments in general and military services in particular to understand the
implications 2f <cience in their decision-making. Moreover, they would contribute to a
more adequate transfer of scientific information to users without scientific
knowledge.239

Since historians240 tell us already that government use of science dates back
many centuries, there is no need to debate the universal truth of the OECD's discourse
but to seek for its relative meaning within the emerging transatlantic discursive regime.

I argue that through a “new" science policy, the OECD General Secretary incited

2390 C.D.E. Direction des Affaires Scientifiques, «Conférence ministérielle sur la science, 3 et 4
octobre 1963. Chapitre 1l de l'ordre du jour - "domaines speciaux” sur le transfert et l'utilisation de la
connaissance: note sur la communication scientifique», op, cit, p. 7.

24¢ I effect since the "Urstaat” (this concept refers to the model of government established by the
first known city-state: the Mesopotamian city of Ur in 2000 B.C.) “The secarch for a more rational
approach to nature laid the foundation for several sciences: astronomy, algebra, and geometry.
Significantly Greek mathematics and astronomy drew their carly inspiration from the Oriental Near
East and they reached their climax under Euclid, Heron, and Ptolomey..." K. A. Wittfogel, Qriental

Despotism.a Comparative Study of Total Power, New Haven and London, Yale University Press,
1957, p. 195.
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Western European countries to imitate the American discourse and practice of big

science. The effect of imitation was not the emergence of a scientifically and technically
stronger Europe but a Western Europe that was engaged in an asymmetrical
interdependency with the United States. This was because all European "big science"
projects such as those regarding space and nuclear programs required the most
advanced American computers. Consequently, although the words interoperability and
standardization did not appear in the OECD General Secretary's early utterances.
through a user policy - as opposed to an industrial policy of manufacturing computers -
the General Secretary articulated the logic of the Pentagon-NATO position that had
favored transatlantic standardization rather than interoperabilitv between computers of

different national origins.

3.4.1 The OECD Science Policy Framework

The emergence of the OECD science policy was concomitant with the Pentagon-
NATO effort to standardize allied weapons procurement. Indeed the US Air Force's
initiative to form the AGARD had been preceded by a demand from Westesn European
countries who wished to benefit from American scientific and technical research in all
areas of economic and military interest. It was within this context that the former OEEC
along with NATO became involved in the reform of the Western European countries’
science policy. As Alexander King the former Director of the OECD Scientific Affairs
noted in 1965:

The origins of scientific activity in the Organization can be traced to carly
Marshall Plan days in 1949, when the Council of the Organization European
Economic Co-operation (OEEC) set up its Working Party No.3 on Scientific

and Technical Information. The Working Party was charsed with considering
the potential inherent in new technological idcas at a moment when

———————————
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Luropean industry was being re-equipped mainly with traditional plant and

machincry.z“

Although not strictly within its mandate, the OEEC initiated a number of
productivity studies, launched specialized discussions on productivity measurement in
particular sectors and arranged for the transfer of technology from the United States to
Europe. In 1950 recommendations were made through the OEEC Council to the
constituent governments advocating the establishment of a national productivity center
in each country. These centers were created and sustained with the aid of US funds. As
a result, the European Productivity Agency was established as an organ of the OEEC,
and operations began in all member-countries.242

This was the beginning of the formation of a science policy for all OEEC
member-countries that took a decade to accomplish. In 1959 at the OEEC a first
approach was made towards understanding governments’ concern with science. Thus,
defense matters and economic issues were linked through NATO and OEEC's concerns
in an integrated fashion. The overlap between the two international bodies was made
clear in 1959, when the General Secretary of the OEEC asked Mr. Dana Wilgress,
formerly Canadian Ambassador to OEEC and NATO, to start a study of scientific
organization and of major problems relating to scicnce in member countries.
Specifically Wilgress was asked:

I. to discuss with governmental, scientific. and industrial leaders the
measures already taken, or planned, 10 increase the scientific and technical
resources in each Member country;

2. to make those in high authority aware of the importance that scientific

rescarch and technological development was likely to have on the future
economy; and

241 Alexender King (Director for O.E.C.D. Scientific Affairs), «Science in the OECD», in Mesthene.

E. G.. gp.gitL. p. 17.
242 Ibid.. pp. 17-18.

e —————————

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



134

3. to proposc measures at the national or international level that would
increase technological resources and favor establishment of common
action for their morc rational use [my emphasis]*3?.

The key word in this statement is again rationalization. This recommendation
was issued in 1959 the year after it was realized that the objective of rationalization had
become difficult to achieve within the military sphere as European members of NATO
sought equality with the United States. Thus, the rationalization debate was widened to
cover the civilian scientific and technical sphere. It was during the dispute over NATO
standardization that Mr. Wilgress' undertook his study of science policy. Among of his

many observations he stressed that:

[Tlhe full implications of the scientific revolution have not yet sunk into the
consciousness of large section of the population of Western European
countries...they loath to scrap their traditions. In particular they are reluctam
to adapt their educational systems 10 the needs of science and wchmvlugy.2‘“
That was a clear indication that European scientific and academic traditions
would have to adapt to the new policy practices developed in the United States for the
management of defense programs.245 The OECD's Scientific Affairs Committee

echoed this position when it asserted that

Certainly, in the advanced countries at least, scientific agriculture for
example is an old story...What is relatively new is the idea that government
policies in every ficld are in principle at least subject to improvement and
refinement by the impact of scicace, and that some cannot be adequate to
their purposes unless they explicitly and deliberately take account of that

!mpacl in ihﬂr form. mﬂmmmmmmmma

245 It was the transposition of American way of industrial management in Western Furope. This
system is described by G. E. Bugos as the way in which
The Amserican military-industrial complex of the 1950s was dramatically
restructured around 'pmgram management’ a sei of organizational techniques
used to dictate to engineers the timely completion of one weapon system. ..
G. E. Bugos, "Manufacturing certainty: Testing and Program Management for the F-4 Phantom H*,

Social Stadies of Science. N°23, 1993, p. 265.

‘
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{is likel . i he lat il . . | 2‘"’.(My
emphasis)

This staternent expressed a suggestion to European member countries of NATO

and the OECD to build their technological capacity by imitating American "big science”
practice. It was recognized that even though military, space and atomic research do not
have direct impact on the economy, they could stimulate research of economic interest.
It was recognized in the agenda of the OECD ministerial meeting on science on October
1963 that:

Comme o 'a montré dans le RAPPORT DE BASE, les ressources engagées

dans lu recherche scientifique représentent aujourd'hui de 1 a 3% du PNB dans

les pavs les plus avancés de 'OCDE. Mais une bonne parties est consacrée

des objectifs de recherche militaire, spatiale et autre, sans a!lpon direct avec

l'économie civile, encore qu'elle puisse souvent la stimuler.24

The economic rationality of government involvement in science and technology

as NATO and the Pentagon wanted, was abandoned by the OECD Scientific Affairs
Committee in favour of a more balanced perspective that recognized that governments'
interests in science and technology responded not only to economic problems but to
social and cultural development, military objectives and international political prestige.
According to this view, these objectives were not contradictory to each other since a
country's military and political power was based on its economic and industrial
capability. The OECD agenda admitted that scientific research in all domains would be
coordinated with research oriented towards economic growth.

1l se peur que la part du lion soit attribuée i des fins militaires ou de pre:tige

politique, au détriment de la croissance économique. Pourtant, les activités de

recherche répondent a des considérations nombreuses et complexes, non

seulement de caractére économique, mais aussi d'ordre social, culturel,
militaire et politique; et toute politique de recherche et développement

Q:um.ﬂblw.m P 3.
247 CAC 77/321 Box 729. -, OCDE !
croissance écopomique. CMS -30 10463 Diffusion Restreinte. Paris le 3 septembre 1963, p. 1.
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scientifiques doit trouver un juste milieu entre tous ces obyectifs. la fagon

d'atteindre cet équilibre variera selon les nécessites politiques et soctales et la

valeur politique qui lui sera accordée. Mais en derniére analvse. toute

puissance militaire et politique est fondée sur la puissance économique ot

industrielle, et c'est la une raison de plus pour accorder une priorité élevee a

la recherche orientée vers la croissance économique. ~¥¥

This statement reflected the contradictory nature of the emerging transatlantic
discursive regime on science and technology because it shows the difficulty of
reconciling the military mission and political prestige of scientific rescarch and
technological development on the one hand and the economic profitability of R&D and
international cooperation on the other. Consequently, rather than representing an
autonomous institutional mechanism in the liberal sense of the concept of “regime”, the
OECD became a site for inter-state dispute, a focus for both contradictions and
consensus-building.249
Unlike the abolished NATO s:andardization office and the OEEC which

represented the Pentagon view and unquestioned US power, the OECD Council was
rather similar to the NATO Conference of National Armament Directors. It was
constituted by the representatives of all the member-countries.23 The OECD council
was evidence that after ten years of transatlantic cooperation, it was still difficult for
autonomous rules and procedures to emerge within the transatlantic discursive regime.

Indeed, far from representing a supra-national body or an institution that represented a

transatlantic social hegemony, the OECD council constituted a forum that represented

248 Ibid, p.2

249 The convention that created the OECD was signed on December 14, 1960, hy twenty
countrics who sought to transform the Organization for Eu.opean Economic Co-operation (OEEC) into
a new Organization comprising the members of OEEC and Canada and the United States. These twenty
members formed the basis of the OECD that was composed of a Council. an Executive Commitice, a
Budgetary Committee and several Specialized Committees supported by Specialized Organisms such as
the European Nuclear Energy Agency (ENEA); the Development Center and the Secretary.

250 The members of the Council held meetings once a year and one session per week among the
permancnt representatives.
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conflicting views and interests in science. Science and technofogy were not considered
only as factors that would favor international integration and harmony between nations
but also as integral to state power and national prestige. In one of the minutes of the
OECD ministenal conference on science, one can read:
Puisque la puissance, le développement et le prestige des pavs se mesurent
aujourd’hui en partie au succés qu'ils remportent dans les sciences et les
techniques, un rang éminent dans ce domaine devient de plus en plus un
objectif national important ... de la le role croissant que joue I'Etat dans les

affaires scienuﬁqucs...zs

Given the diverging national interests in science, the OECD's role was limited
to resolving problems related to the costs and benefits of international cooperation and
the harmonization of national policies.

En l'absence d'une awtorité politique supranationale, il ne peut y avaoir de
politique internationale dans le méme sens ow il ¥y a des politiques
scientifiques nationales. Néanmoins, il existe un systéme de relations
scientifiques qui souléve des problémes de politique relatif au coiit de la et au
profit de la coopération scientifique internationale, ainsi qu'a ses instruments.
Ces probléemes sont communs a plusieurs pays, en dépit des différences que
peuvent présenter leurs politiques nationales en ce qui concerne les affaires
scientifiques, et l'objectif d'efforts mutuels pour les résoudre est d'atteindre
une harmomsauon plus grande du systéme des relations scientifiques
internationales 2

Unlike the early NATO rationalization policy that was supposed to manage
member-countries’ use of scientific and teclinical resources, OECD harmonization
policy of the early sixties echoed the NATO interoperability debate. Although it was
supposed to establish a "code of conduct” that would guide national policies, the OECD
conference simply recognized national specificity and the conflict of interests between

member-countries. It was agreed that:

231 Centre des Archives Conlcmpomns~ Fonmneblcau France (hatafu:r CAC) CAQJ_‘Z&Z_L Box

nationale. CMS-28 10463 Diffusion Restreinic. Pmschscpwmbrcl%B pl '
252 CAC 77/321 Box 729. - ., OCDE Do

dc rolifivuc scientifique intcomationale, CMS -29 10463 | . Paris le 3 septembre
1963, p.1.

————
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La confrontation des politiques nationales peut a son tour conduire a une
certaine harmonisation des politiques. Par certains de ses aspects, une
politique nationale peut heurter celles des autres pavys. de telle fugon quune
sorte de “code des bons usages” finissent par s'imposer. qui, méme s'il n'a
pas force de loi, pourra servir a orienter les politiques nationaies >3

This role of comparison of national policies was supervised by an Executive
Council constituted by ten member-countries representatives>4 and several Specialized
Committees. These committee included two Scientific Affairs Subcommittees: the
Commitiee of Scientific and Technical Personnel and the Commitice of Scientific
Research.To make sure that this comparison did not overlook the political and cultural
differences in favor of technical efficiency and economic rationality, member-countries
were represented in each of these subcommittees. They met two 1o three times a year.

Under the heading of specialized organizations, the Development Center had the
mandate to build data bases from inquiries on member-countries regarding industrial
development and general economic policies and to make these data available to the less
developed countries. All specialized organizations and the Specialized Secretary
worked for the General Secretary who was assisted by two vice-Secretary Generals.
The most important specialized organization that issued doctrine and policy guidline
conceming science and technology was the Directorate of Scientific Affairs (DAS). It
was constituted of four Divisions: Forecast and Development; Scientific and Technical
Personnel; Basic Studies and Scientific Research to which was attached the Central
Service for International Co-operation in Scientific Research. It had no decision-

making power.

253 CAC 77/32] Box 729. - , OCDE

croissance écopomique. CMS -30 10/63 mtfnmxzsmm Paris le 3 septembre 1963, p.7.

254 These representatives were nominated annually by the Council. They normally met once a
week. The Budgetary Committee which was composed of all member-countries representatives met
only when necessary.

4
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The Council was the highest level where general as well as administrative
decisions were taken. Itlaiddowngcnemlstammsinme_fmmofpolicyﬂmaicnwd
the specialized bodies' analysis and advice. The Council functioned by decisions that
member-countries have the obligation to implen.: ..t, by agreements with member-
countrics and non-member-countries, by recommendations submitted to members,
non-member-governments or to other international organizations and finally by
resolutions regarding the continuation of the OECD's works or relating to quest of
information from member-countries. These acts, whatever their denomination
(decisions, agreements, recommendations or resolutions) were taken unanimously.
However, there were exceptions, especially when the Council unanimously adopted
different procedures for special cases or a member-country decided to abstain or to
stand aside of an action.

‘The Executive Committee studied issues in connection with general policy and
built consensus around initiatives, before such initiatives reached the Council. While
the executive had no decision-making power, it could be asked by the Council to
undertake an action or to assure the co-ordination between several initiatives. The
Council and the Executive Commintee order the Specialized Committees and their
Group of Experts to undertake rescarch and studies. However, these specialized

committees were also allowed to carry out actions without the permission of the iwo
boards, as long as their chairman felt that such activities fell withi - “heir competence
and were for the interest for the OECD members. As we shall see later, this flexibility
would give a leverage to the United States to influence the debate on science policy in
the mid- 1960s.

- —_—
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3.4.2 The role of the OECD ‘s Commitiee of Scientific Affairs

The Scientific Commitice had the task of faciﬁﬁﬁng the development and
harmonization of member-governments' science policies and promeoting rescarch at
international scale. It was in this sense that it issued a document entitled Science and the
Policies of Governments?3 that served as a background to the first OECD Ministerial
Meeting on science256 in 1963. This meeting had to determine the institutional
framework guiding states’ decision-making regarding scientific and technical issues.
In this first OECD ministerial meeting on science, Théo Lefévre the Prime Minister of
Belgium argued that:

...whatever the structurcs adopted, there are cssential functions they must fill
as mcans of preparing the ground for decision and for co-ordination of cffon.
Among these, the information function emerges as crucial
because it is fuudamental to all policy-making in the modern
seanse of the term.257 (1 emphasizc)

The objective of this ministerial meeting was to forge an institutional model that
would be cffective in each member country. This required, first, a consensus on the
concept of science policy. Consequently, the OECD ministers agreed to make an
intellectual distinction between "policy for science” and "science for policy”. The two
categorics were considered as constitutive of the concept of science policy. OECD

officials did not claim originality for this definition; they recognized that they had

drawn on the model of the relationships between American scientists and defense

255 OECD, Science and the Policies of Goverments, 2aris, OECD, September, 1963.
256 1dem. p. 28.
87T, Wmmmaulm).mmmmgm&w mhmnwnudl(;
Scicace October 1963, Paris, OECD 1965.p. 16.
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officials.258 They claimed that this definition could help change the pattern of action in

scientific anars.259

At the time, it was widely agreed that Europe’s problem was not a lack of
scicntific information but how to transmit the latter to the users. Therefore, building an
adequate communication system for transferring scientific knowledge to sectors such
as industry, government and the military was becoming increasingly important. The
purpose underlying such position was to bring European scientific and technical
resecarch into alignment with the US policy model described above, i. e. the functional
relationships between scientific and technical research to government policy objectives
and industrial programs described in the US Project Forecast. The implementation of
this model in Europe was meant to help European policy-makers in their decisions
regarding science. Consequently, the OECD Scientific Affairs Committee suggested
that the objective of European science policy should not be focused on producing new
knowledge but on communicating already existing scientific information to non-
scientists. This was because the OECD's Scientific Committee believed that European
scientists (like their American counterparts in the immediate period after the war) did
not have the experience required to recognize the form that the results of their work
would take when applied to industrial problems and they were often not aware of the
fact that their inquiries could be of interest in resolving industrial and military issues.
Therefore, establishing communication channels between scientists and non-scientists

was (o be the priority of European science policy.260

258 The first OECD repor cites the Bulletin for Atomic Scicntists, November 1962, p. 44.

259 Hunter Dupree, Science in the Federal Government, Cambridge, 1957, pp. 1-2.

260 0.C.D.E, Direction des Affaires Scientifiques, «Conférence ministérielle sur la science, 3 et 4
octobre 1963. Chapitre Il de I'ordre du jour - "domaines speciaux” sur le transfert et {'utilisation de la
connaissance: note sur la communication scientifique», gp, it. p- 3.
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The similarity between the views of the OECD's Scientific Committee and the
Air Force's mid-1950s criticism of US civilian scientists is here obvious. However,
subsuming scientists completely to industry was at the time a very controversial issue
as the US experience had shown. Intellectual freedom and governmental objectives
were not easily reconciled. The OECD moderated this concern by adjusting its notion
of intellectual freedom to the situation. It stressed that

There is no necessary conflict between the need for policy and the
intellectual autonomy of the scientist, especially so long as researchs are
morc numerous then the possibilitics of implementing them, and so long as
the scientists themselves, through their advice to policy-makers can
discourage unwarranted compromises with scientific worth. Many scientists
nevertheless realise that the complex organisations and diverse skills required
by modern scientific work imply some modifications of traditional
views of academic freedom.261 (I emphasizc)

Changing the meaning of scientific freedom was necessary to allow government
control over scientific workers, but was not sufficient to include Europe's scientific
and technological practice within the emerging transatlantic discursive regime.
Government control without international norms and procedures albeit flexible could
create scientific and technological nationalism. In order to prevent such a trend, what
was also reeded was a transatlantic common "language” through which scientists could
overcome differences in attitudes and values arising from different ways of envisaging
scientific and technical problems. In this respect, the stated OECD objective was the
creation of a transatlantic community spirit that was considered the condition for
establishing a system of norms and procedures that would allow the use of new

machines and system: such as mechanized records of scientific information. For this

purpose, the first step was the elaboration of an information system that used

261 OECD,

Repon of the Sccretary-(}cncral S ad hoc group on science pollcy.
Paris, 1961, p. 161.

R
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simultaneously men and machines. From the OECD's perspective, the human factor in
this system and its efficient use implied that social science techniques must be
associated with methods of logic and automatic calculation already embedded in new
comp. cer techniques.262 As we have seen, the problem of interaction between humans
and machines was generated within the US centralization of military commands that
created a scarcity in manpower to monitor the computer systems. With the OECD
interest in computers, this problem became a civilian issue.

Computers became the objective as well as the means of scientific information
exchange. The OECD and NATO sought the improvement of the existing means and
methods of communication, viz. electronic computers and to a lesser extent punched
cards computer systems. 3 Electronic computers were to be used in many tasks: basic
research in information science; library science; creation of new information systems;
promotion, support and use of specialized numerical information services; supplying
technical information to industry and finally training engineers and scientists to use
scientific information efficiently. According to the OECD, fostering these fields should
be the target of national sciénce and information policies. Thus, national science policy
became the management by government of institutions of scientific and technical
information.264 One year after the first ministerial meeting on science, in 1964, at the
US suggestion, the OECD created a Working Group on Scientific and Technical
Information. Between 1964 and 1966 the Working Group studied three sectors: (1) the

262 OCDE. Direction des Affaires Scicmifiqucs. "Conférence ministérielle sur la science, 3 et 4
octobre 1963. Chapitre 11 de I'ordre du jour - “domaines speciaux” sur le transfert et l'utilisation de la
connaissance: note sur la communication scientifique”, p. 4.

263 Idem. p. 8.

264 0.C.D.E. Groupe sur l'information scientifique et technique, «L'information scientifique et
technique ct la politique des gouvernments», Diffusion restrainte, DAS/CSI/67.42, Paris. le 16 juin
1967, Annexel. «Information et politique - definition de quelques concepts», p.17.
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possibility of automating member countries' bibliographic systems in the sector of
chemistry; the extension to Europe of the American Medical Library and Automatized
Research System (MEDLARS) and (3) the economy of information.26%

3.4.2 The OECD Science Policy and Inter-State Confrontation over Information
Technology

In order to balance American influence which always tended to overlook the
political vulnerability of its European allies and presented their technological gaps as
simply a technical problem, many efforts were made to avoid the autonomization of the
regime's institutional machinery. As we have seen, in order to include the problem of
Europcan vulnerability in science and technology, NATO created the Conference of
National Armaments Directors that replaced NATO standardization officc. Similarly,
within the OECD, the power of decision was not given to the OECD General Secretary
but to the OECD Council.

Despite all these efforts however, the American tendency to present the issue of
science policy as an economic and technical problem persisted. This tendency pushed
the autonomization of the OECD machinery. In effect, in 1964, the US National
Science Foundation constituted an ad hoc group that wrote a report that recommended
the OECD create a centralized international institute of technology that would elaborate
and administer OECD science policy. This institute was to be an alternative to the
prevalent OECD machinery that was influenced by member-countries’ political concern

with science. The reason advanced by the National Science Foundation was that

265 RE 130, Box 11, File 740, Délégation Générale a la Rechesche Scientifique et Technique
(DGRST) J. D'Olier, “Rapport sur Factivité du Groupe de Travail "“DOCUMENTATION" de
I'OCDE", p. 17.
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although member-countries spent considerable resources on R&D, they lacked the
necessary information in order to make rational political and economic choice. In 1962

the ad hoc group stated that:

1! faudrait encourager la créatior: d'un institut central qui réunirait et classerait
des données a l'intention des autorités chargées d'élaborer la politique de
recherche et d'en administrer la mise en aeuvre.

Le groupe ad hoc est favorable a ce que 'OCDE poursuive ses fonctions
de ligison et de "centre de communications” et qu'elle stimule les activités
opérationnelles dans les organisations nationales et internationales, mais il
considére que I'Organisation ne devrait pas prendre en charge des activités
opérationnelles ni jouer un role de service, @ moins que qu'il soit nettement
établi que sans ces activités en question, les programmes des pays Membres
en matiére d'information scientifique et technique ne pourrait étre exécutés de

fagon satisfaisante .266
In 1967, the OECD Secretary General accepted the National Science
Foundation proposal to recognize the need for a transatlantic rationalization of the use
of scientific and technical information. A note by the OECD Secretary General stressed
that:
..l'information scientifiqgue et technique représente des investissements
publics et privés substantiels; de plus, le fait que tout le monde ait
immédiatement accés a cette information constitue un des principaux facteurs
du progres scientifigue, économique et social. Le volume d'informations
disponibles augmente a une cadence telle qu'aucun pays ne peut espérer
longtemps, assurer seul, des moyens d'information suffisants dans tous les
domaines. Une certaine action internationale a déja été entreprise: cette
orientation est souhaitable et nécessaire, elle doit étre encouragée et
accélérée. 20
After the Secretary General'’s recognition of the need to rationalize, it committed
itself to propose to the OECD Council the creation of a transatiantic network of

computers to enable the storage and the retrieval of scientific and technical information.

266 W Box 928. OCDE Dnrecuon des Affalrcs Scncnuﬁques. Cmmmh_m&hg

Pans Ie 24 seplembre 1962, p. 11.
267 OCDE - Groupe sur la politique de l'information scientifique - L'information scicatifigue ot

technique ¢t 1a politique des gouvernements. DAS/CSI/67.42. Diffusion restreinte, Paris le 16 juin
1967, p.t. Copies of this document were sent to national delegates of the OECD Council.
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Thus, after it had been defeated within NATO, in 1967. the policy of rationalization re-
emerged within the OECD and became the General Secretary's doctrine. As we have
seen earlier rationalization implied standardization. Starting from 1967, both notions
began to replace interoperability in the transatlantic discursive regime. For the OECD
Secretary General, European members of the organization, rather than worrying about
their technological domination by the United States, should make the effort to follow
US trends in sectors such as time-shared systems, systems for simulation and
quantitative management methods and computer-assisted engineering. The Secretary
General stated that:

Personne ne voudrait affirmer que les "écarts technologiques” que l'on
constate actuellement, ont pour seule cause un manque d'information; de
méme fournir davaniage d'information n'est pas une panacée. Muis, sans
aucun doute, un flux continuel d'idées nouvelles aiderait a surmonter la
résistance d l'innovation que l'on rencontre dans beaucoup d'entreprises

(...] /! appartient aux gouvernements de saisir les opportunités et de profiter
des avantages économiques que le coopération imternationales peut leur
offrir. 268

This statement indicates that the economic benefit of using American scientific
and technical information systems outweighed the construction of independent national
information systems. The Secretary General argued that although Europe was not as
advanced in computer techniques as the United States, European governments should
not ignore the interests of European companies in time-shared systems. They should
encourage the modemization of telecommunications systems in order to foster adequate
transmission lines for time-shared systems and find a way to overcome problems
related to the cost and technical complexity of the emerging systems. This analysis was

based on a survey made in 1966 by the consulting company, Arthur D. Little, who also

268 Ibid.. p. 2.
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advised Europeans to merge computer and telecommunications in order to participate in

the American information revolution. The report stated that:

We already have in the United States a network of data transmission and data
processing equipment set up by Western Union which will be used by
service companies to operate the programs and to maintain the files they will
make available on a subscription basis. Perhaps a situation is developing
rather like that in the telephone industry. Here, there are three levels of firms.
First, there is the manufacturcr of telephone instruments, switching
equipment, cables, and the like. Second there is the telephone company .
which purchases this equipment as needed to provide telephone services to a
geographic area. Third there are many firms often small, that offer services

based on their own use of the telephone company facilities. 269
Although the structuring of European telecommunications system in accordance
with above analysis would increase the influence of American computer manufacturers
in Europe, according to the OECD Secretary General, Europe would still benefit from
such structuring. The Secretary General stressed that:
it would be a mistake to consider the computer industry simply in terms of
output and growth rates, however impressive the figures may be. This
industry should be considered in the broader framework of what has been
called the information revolution, which will probably prove to be as
significant, if it is not more, than the industrial revolution of the 19th
century and one of its outcomes, the communications revolution of the 20th
century.270
For the Secretary General, European countries should take note of the fact that
the computer industry is not only a manufacturer of equipment but it is also a service-
provider concerned with the utilization and processing of information in the broadest
sense. Moreover, the General Secretary stated that computers, like steel, are "input” to
all other industrie . “»ut unlike steel they penetrate not only the manufacturing sectors

but also the service industry, €. g., banking, insurance, education, health, civil service.

269 RE 130, Box 11, File 254.74, ARTHUR D. LITTLE INC - Frederic G. Withington «The Impact
of Advancing Computer Technology», p.7.
270 OECD - Directorate for Scientific Affairs - Experts Group on Electronic Computers, Gaps in

Technology Between Member Countrics. (note by the Secretary] DAS/SPR/68.3 Restricted . Paris, 9th
January, 1968, p.1.
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They are at the heart of the management and decision-making processes.2’! On the
question how could all countries benefit from this industry given their uncqual
technological strength, the General Secretary's answer was: a knowledge of how to
manufacture computers could not be translated into strength in the industry it the
society as a whole did not express a demand for high-speed information processing
and there are no companies to satisfy this demand. In other words, a country could not
enter the information revolution without a demand for information processing. For the
Secretary General "[T}his explains to some extent the pioneering role of the United
States as far as the market expansion is concerned, and the relatively more modest
results achieved by Germany or the United Kingdom in spite of their technological
capability."272 In short, for the Secretary General, the growth of the computer industry
could be described by the dynamic of demand-pull rather by technology-push.The
Secretary General stressed that:

Although computers are considered as a part of the electronics indusiry the
first firms to enter the industry and (0 become the leaders were not electronics
firms (except in the United Kingdom and in Japan) but were active in other
sectors, mainly office machinery. The fact that many ¢lectronic firms missed
out compulers, at Jeast at the beginning, appears to be largely a question of
management. When considering management as a factor in disparitics in the
computer industry, onc has to look essentially at individual firms. Case
studics of firms such as Univac, Bull, Zuse or LEO show that failure did not
lie in the lack of technology capabilities, but rather in insufficient awareness
of what the market required, bad service to customer or insufficient marketing
effort.273

This analysis misses the fact that the nature of the demands for high-speed data
processing did not emerge from a change in the economy or from individual

companies' ingenuity but rather it was a phenomenon emanating from the US Awr

Force. Moreover, IBM did not structure these demands but was rather able to

27) 1bid.. p. 2.
272 [dem, p. 3.
273 tdem, p 8.
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commercially translate those military techniques such as real-time and time-sharing.
The company dominated the world market within the transatlantic context of American
military leadership that defined NATO communication requirements according to
American technological priorities, perceptions and capabilities. To recognize that the
“technological gap” was the effect of this leadership would be to put into a question
NATO's communications structure or at least US leadership within this organization.
This was why the Secretary General overestimated the management failure of European
individual firms. The note states that:

Technological gaps in the semiconductor industry appear to have affected
non-American firms only as far the third generation of computers are
concerned...Although this may have affected the competitive position of
some firms, the ¢ffects should not be overestimated; components account for
only a fraction of the total cost of a computer sysiem; moreover the type of
components which are used are of little interest 10 the customer to the extent
that the service is good. And a good service can be obtained by using faster
transistors for instance, or by incorporating characteristics which are typical
of many third generation machines (rather than by simply using integrated
circuits). The problem as far as the gaps arc concerned, lics more in the risks
inherent to any single source of supply.274

This perspective was not the doctrine of the entire OECD Council which at the
time was divided into two lines of thought. The first line was maintained by France,
the United Kingdom and Japan who felt it was necessary to build strength in the
computer industry.2?5 They considered the industry for its own sake and were only
secondarily preoccupied with respect to its stimulus on other industries. The second
position was maintained by the United States who argued that it was more important to

stimulate the use of computers and that a national computer industry was not

274 \dem p.10.

275 Although I am not sure about the different positions within the United Kingdom and Japan, in
France, the position that sought strength in the computer industry did not represent all the French
sectors concerned with the computer industry. This was rather the position held by the French ministry
of science and the DGRST who always defended industrial nationalism while the French
telecommunications authority, the Commissariat Générale du Plan and the Armed forces favored a user
policy. I will come to this point in the following chapter.
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indispensable. This divergence shows that the transatlantic discursive regime in ICT
did not reflect the neo-Gramscian notion of international hegemony since the
acceptance of interoperability did not prevent French. British and Japanese
representatives in the OECD Council from seeking a better share in the transatlantic
computer market.

Although the Secretary General said that the OECD was not in a position to
decide in favor of either of these views, it ncvertheless suggested a form of
transatlantic specialization that tended to favor the American position. It argued that
since "...the number of firms which were financially and technologically in a position
to [innovate in the industry] is extremely small. One possible solution would be to
concentrate on the fields where IBM is weak or absent."276 But in the mid- 1960s, IBM
was the strongest both in computer hardware and general purpose programming>?7.
With the introduction of IBM 360 computer series, IBM was able to produce a whole
range of compatible general-purpose computers and not only one medium-sized
commercial computer. The only sector that IBM could not entirely cover was the field
of special purpose programming. In effect, the OECD Secretary General's policy of
specialization and utilization was clear recognition of IBM's monopoly both in
equipment and general purpose programming. Had this approach to specialization been
adopted by all OECD member countries, the aborted Pentagon-NATO standardization

approach would have become the policy doctrine of the transatlantic information regime

276 dem, p.7.

277 It was considered that the cost of developing general purpose programs which the manufacturer
must provide with the machine was approximately equal to the cost of the machine itsclf. With the
increase in program complexity and the decrease in computer costs, it was clear that the expense of
developing the programs would become the largest component of the cost in computer manufacture.

.
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and consequently, the utilization / manufacturing debate would have been resolved in
favor of the above mentioned American view.278

In France, the most articulate opposition to the Secretary General's position
came from the French Délégation Générale a la Recherche Scientifiqgue (DGRST). The
DGRST accused the OECD of attempting to establish American electronic systems in
Europe which would have negative economic, cultural and political impacts. While the
DGRST agreed that European users would have easy access to sophisticated American
systems and abundant scientific and technical information, the DGRST argued that the
extensive use of American systems and scientific information would result in a de facto
recognition of an American monopoly in the diffusion of scientific and technical
information. From the DGRST's perspective, this monopoly implied the hegemony of
an information system whose centers of decision were located in United States.
Furthermore, if allowed, this hegemony would result inevitably in the use of English as
the only scientific language. Given these political, economic and cultural
disadvantages, the DGRST cast doubt on whether the French use of American systems

was less expensive than an effort to develop a purely national system.279

278 For the OECD General Secretary, the future of the computer industry (understood globally as
both equipment manufacturer and service-provider) lay in programming. It argued that, in the Uniteg
States, knowledge in programming was increasing and the business managers both in the United Siates
and Europe would be provided with improving tools for forcasting the results of their decisions and for
investing their firms' resources so as (0 obtain the maximum possible return for the minimum
possible costs. Similarly, the OECD advised that, like their American counterparts, European
industrial firms and engincering schools should experiment with the use of computers to design
products. As the scarcity and cost of engineering increased and firms in the United States merged to be
in a better position to make the use of expensive equipment, European firms should be familiar with
computer-aided design as a practical possibility. According to the OECD analysis. although at one time
Europe seemed w suffer less than the United States because more programmers were available at lower
cost, the postion has tended to become reversed because insufficient cfforts were made in Europe to
train new programmers. OECD - Directorate for Scientific Affairs - Experts Group on Electronic

Computers, gp il
279 The Delegation's report reads:
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From the DGRST's perspective. the cost of French participition in American
information systems should not only be measured in ecconomic terms but also in terms
of political and cultural vulnerability vis-3-vis the US. Such analysis incited neo-realists
such as Zysman to argue that the French state intervened during the Plan Calcul 10
achieve "self sufficiency” and "technological glory™ not an cconomic oal. This was a
misrepresentat.on of the French technological nationalism for two reasous. s,
technological nationalism was not the position of all participants in French electronics
policy. Second. even if one left aside the other participants and considercd only the
DGRST, such extremism cannot be found. The DGRST position was more nuanced
and expressed a diemma rather than the suggestion that sought to France ought 10
break away from the transatlantic regime. The terms of this dilemma were as follows:
either France participates and runs the risk of being disadvantaged or does not
participate and also runs the risk of being marginalized in the transatlantic regime. Until

the mid-1960s, on no occasion did the delegation advise French separation from the

|
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transatlantic information regime.2%0 This hardly illustrates a policy of grandeur or a

desire 10 leave the regime. It is, rather, a legitimate sense of dilemma that prompted the
Delegation to propose a solution that excluded separation and promoted autonomy
inside the regime. The DGRST policy of autonomy ombined both inter-operability (or
"normalisation” in French terms) and the OECD specialization approach in order to
allow France's technological participation in certain areas of the emerging international
telecommunication regime. In this respect, the DGRST argued that:

Il n'est pas possible de répondre 110p négativement aux offres américaines

présentée-  ar FO.C.D.E. car Uapport fourni par les Etais-Unis en cette

matiére es, rop considérable. 1l est sans doute possible de préserver une

certaine autonomie...Mais cela nécessiterail que soit en France un effort gui

putsse nous hisser au moins dans certains secteurs au niveau technigue des

cenires américains, de maniére a proposer notre part des contribuiions en

nature (el non pas en argent) au svsiéme infemational. 281

This is only one example of many statements that illustrate that the French

discourse of independence was more nuanced than described by neo-realists and

L'activisé de V'O.C.1)LE. vise sans aucun doute a organiser en Europe des tétes dre

pont des svstémes de documentation américains avec le corollare que cela

implique:

- Acces facile des usagers européens aux services de documentation américains

avec toute leur richesse.

- Reconnaissance par les divers pays européens d'un monopole de fait pour la

diffusion de [information scientifique et technigue en faveur d'un sysiéme doni les

cenlires de décisions seront situés outre Ailantique.

- Emploi de l'Anglais comme seule langue de travail en matiére d'indexation

documentaire, étani bien entendu que les documents destinés aux utilisateurs

seroni traduits dans diverses langues nationales (avec le retard inévitable que cette

opération comporte).

Le coit de ce systéme est théoriquement le moins élevé...mais en fait il n'est

pas sir gue la parti ipation a un tel systéme soit moins onéreuse yue le

développement d'un effort puremens nativial au niveau nécessaire pour un obtenir

un résultat équuvalent .
RE 130, Box 11, File 740, Délégation Générale a la Recherche Scientifigue et Technique (DGRST) J.
D'Olicr. «Rapport sur l'activité du Groupe de Travail "DOCUMENTATION" de I'OCDE-~, op, cil..

4
gs" In the DGRST's terms “ou bien participer et courir le risque que les mécanismes de
coopération proposés ne nous soit pas favorables ou soit dépourvus d'efficacité vu bien ne pas
participer et courir le risque de rester a 'écars d'un sysiéme de coopération qui a queigue chance de bien
Jonctionner”. |bid, p.3
281 1dem, p.6.
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expresses real dilemmas that the neo-Gramscian concept of hegemony does not
recognize. It is a moderate sense of nationalism that illustrates the theory of regime
presented in this thesis. It would be fair to say that France was part of a regime that
was dependent on US economic and military forces but not immune trom political

disputes.

3.5 CONCLUSION

In describing NATO and OECD science policy through both organizations'
structures and functions, this chapter has also traced the emergence of the transatlantic
discursive regime. After 1949, the elenients of this regime emerged from the military,
scientific, technological and industrial spheres. Between 1949 and 1959, within this
regime, member governments of NATO and the OECD expressed congruent views on
issues related to defense, science, technology and the industry. This congruence was
the product of US military and technological superio-ity and Western Europe's
dependence on American money and technology. After ten years and the reconstruction
of the European defense industry, instead of maintaining autonomy from member
governments' particular interests or simply representing US military and technological

superiority as respectively liberal regime theonsts and neo-realits would expect, NATO

entered a period of disputes. Consequently, NATO bodies such as the Mulitary
Production and Supply Board (MPSB), the Standardization Policy and Coordination
Policy Committee and the Military Standardization Agency were abolished and
replaced by NATO Conference of National Armament Directors. This orgamization did
not represent the neo-Gramscian concept of hegemony but highlighted member

governments' diverging interests in ICT. As a result of this change, the standardization

R
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process ended and was replaced by the vague notion of interoperability that symbolized
the confrontation between the will of the European members of NATO to develop more
interdependent relations with the United States and the latter's ambition to impose its
user policy in ICT through the OECD General Secretary. It was within this context that
the French choices in ICT policy took shape.
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Chapter Four

THE PRE.-PLAN CALCUL: THE FRENCH DEBATE ON
INTERDEPENDENCE

4.0 INTRODUCTION

This chapter is base: on French contemporary archives on computer and
information technology, testimonies produced by participants in the early 1960s French
decisions in ICT, and some descriptions and accounts by French historians. I use this
variety of sources to analyse how the elements of the transatlantic discursive regime
shaped France's chc.ce with regard to computers and electronics. 1 show that, as a
NATO member, the French government subscribed to US military policy and hence
French territory was an integral part of NATO's Air Defense Ground Environment.
Within the OECD, the French government accepted the new definition of science policy
with it emphasis on the development and use of a transatlantic scientif*-> and technical

information systems. France's participation in these two international bodies crcated the

context within which France's electronics and computer sectors from the late 1950s
onward became increasinglv structured by the transatl: ntic regime's military prioritics.
As ] have already shown, the transatlantic regime did not represent a harmonious
congruence of member governments' views or a set of rigid rules and procedures

independent from US economic and military force. I have, moreover, demonstrated

————————
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that the European feeling of vulnerability accounted for the transformation of this
regime from the policy of Rationalization, Standardization and Interoperability (1949-
1959) to a framework that emphasized only Interoperability (1959-1967).

This analysis of French computer policy will show that a diversity of views
existed not only at the transatlantic level but also within the French government whose
position at the inter-state level was determined by the most influential institutions within
the French universe of political discourse in ICT. During the French Fourth Plan
(1962-1964) there was unquestioned agreement between all bureaucracies and
industrial actors that France should maintain its political and military independence and
that American electronic technology was necessary to build France's air defense,
nuclear research and electronic scientific and technical information system. There was,
however, disagreement within the French universe of political discourse on how to
defend French political independence. For the Ministry of Scientific Research, the
DGRST and private companies such as BULL and the Societé d'Electronique et
d’Auromatisme (SEA), the priority was the use of American knowledge to build
national strength in the manufacture of electronic components. This position was in
contradiction to that of the Commissariat Générale du Plan , the Commission
Permanente de 'Electronique du Plan (COPEP), the Comité de Coordination des
Telecommunications (CCT), the Direction de la Recherche des Moyens d'Essai
(DRME) and the Cumpagnie de téléphonie sans fil . For these institutions, the policy of
independence should first emphasize the use of American technologies in developing
important sectors such as air defense, nuclear energy and telecommunication systems.

Unlike those (for example Zysman) who believe that the notions of
“technological glory" and "self sufficiency” were unquestionable and the benefits of

using American techniques left undiscussed, this chapter will show that it was the
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user/maker dilemma that structured the French debate over the computer development
programs of the Fourth Plan. Although these programs gave no industrial results, they
were an occasion for French decision-makers and industrial leaders to confront their
positions by using the elements of the transatlantic discursive regime. As a result of
this confrontation, the Ministry of Scientific Research and the DGRST's approach to
industrial autonomy was sacrificed for the CNET, CCT, COPEP and the DRME user
approach. In short, military and nuclear independence became a more powerful
motivation than t.,2 necessity to foster an industrial independence in the electronics
industry. This choice was the continuation of the late 1950s French government
purchases of IBM equipment to the disadvantage of the national computer producers:
the Compagnie des Machines Bull (CMB) and the Société d'Elecironique et
d’Automatisme (SEA). Moreover, the French government sought American
participation in its computer development programs. The failure of both companies and
the French electronics sector generally to supply French air defense and nuclear
programs with digital electronic equipment pushed all companies to seck alliances with
American interests in order to survive within the French market.

The first section of this chapter discusses the Cifferent positions of the principal
actors and shows how they internalized the notions of digitization and the fusion
between computers and telecommunications. It will appear that orienting the French

policy towards either a user or a manufacturing policy required the restructuring of the

French computer and electronics industry given French technological backwardness
and BULL's financiai problems. Since BULL was the major French computer maker,
helping this company became a major preoccupation for all French bureaucracies. The
second section deals with the 1950s military industrial alliances and demonstrates that

these alliances were not motivated by the problem of producti*ty in the French

R
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electronics industry but concerned the building of French air defense system. The third
section discusses the Frgnch policy of interdependence during the Fourth Plan
electronics research programs. It shows that the objective of these programs was not
technological independence but to familiarize French researchers with American
advances in electronics. Section five argues that the Quatre Axes and Hexagone
computer development programs were formulated to conform with NATO
interoperability requirements and OECD user policies. Thus these programs maintained
the French electronics industry within the transatlantic discursive regime. Within this
regime, complete independence was not the objective of all French bureaucracies.
However, a conflict revolved around forms of interdependence and pitted different
companies and institutions against each other. The choice of military and nuclear
independence made BULL unwilling to be militarized. This analysis concludes that the
French {irms subsequently strengthened their links to US industry in order to fulfill

their perception of market needs and military procurement.

4.1 THE PRINCIPAL INSTITUTIONAL ACTORS IN FRENCH ELECTRONICS
POLICY-MAKING

Before the 1960s, one of the key government institutions dealing with
information technology was the Comité de Coordination des Télécommunications
(CCT) created by government decree in 1945. The CCT was a military organization. Its
permanent personnel were one secretary general, one chief engineer and three military
officers frorm the Army, Navy and Air Force. Although its mission was to co-ordinate
the interests of different French state institutions in telecommunications, this committee

waited more than ten years before becoming directly implicated in issues related to

-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




160

computers. This delay was not unusual given that in 1945, even in the United States,
there was no computer development policy and that NATO's AGARD was not yet in
place. Moreover, the OECD did not establish its science policy program until the carly
1960s.

In 1954, after it was felt within the AGARD circle that the poor communications
systems of the European members of NATO reduced the US Air Force's contribution
to European defense, the Prime Minister Pierre Mendes-France established the
Secretary of Scientific Research. The same year, he created a Commission on
"calculators” in which the CCT was a major participant.282 This commission was
headed by General Bergeron (from the French Air Force) who started his mandate with
a discussion on the need to train specialists in new techniques related to computers and
to assess French policy in this domain.283 This commission was created within the
context of standardization, at a time where the commonalty of American equipment was
unquestioned by the European members of NATO.

Within this context, on October 11, 1956, the Commission Calculateurs gave
tie CCT several missions including supervising research in electronics, advising the
Minister of National Defense on military telecommunications, and organizing civilian
and military telecornmunications. Moreover, CCT and the Directorate General of
Telecommunications (DGT) of the Ministry of the PTT organized the standardization of

electronic components in telecommunication equipment through their laboratory the

282 It should be noted that calculateur is a French word for computer. The use of the word is not
innocent; it expresses the idea of a computer that is not a business machine but a scientific instrument
French policy-makers and analysts still refer to large computers as calculateurs de grande puissance.

283 G. Ramuni, "Entre recherche fondamentale ¢t developpement industriel: 'action de ls DGRST ¢n
faveur du developpement des calculateurs electroniques”, Conservatoire des arts et metier, Deuxieme

collogue sur I'histoire de I'informatigue en France. P. Chatelin et P-E Mounier-Khun (cds) Paris, 24,
25, 26, avril 1990, p. 337.
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