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acccunt for roughly one-fiftk of the nation's high
technoclogy venture zapital.d

Most ecnticing of all, perhaps, are the potential
commercial benefits of the Eeagan Administration’'s Str-ategic
Defense Initiative {(EDI), better known as "Star Wars."
Budgeted at $2.4 billion for 198h, projochted to cost zoughly
£26 billicn over the next five years, SDI actually
represents only a small fraction of the nation's total
research budger.S EBat thar fracrtion encompasses the
farthest reaches of today's technoleogical frontier. FPublic
debhate cver the President's initiative has focused almest
exclusively on the projeoct's technical and strategic
feasikility, but the attempt itself aims at marc
technological breakthroughs, involwving more scoientists and
cngineers, than either the apslle space program o the
develapment of the atomic bomb. 6

+ill, American policymakers would be well adviscd to
zake a «laser look ar the longer-term comeercial
impiicaticns 2f ecurrent defenze policies. For, just as the
Fentagon is contragting with American manufacturers to
pursue the technological kreakthroudghs necessary to produco
sush exatic armamants as stealth bommbers and laser-beam
defense shields, other nations! manufacturcrs arc
aggressively pursueing the same hreakihroughs with commercial
applications specifically in mind. IThnds=ed, BEurops's huge,
commercially-oricnted EBureka projoct grew dircectly out of
French President Mitterand's fears that European firms would
otherwise he distracted--or prevented--from engaging in
commercial development of the Technologies whnderlying SDI or
foreed into integrated production controlled by the 17.8.

The dilewmma, in brief, is this: america's dzfensec
needs do not necessarily compilement its proreguisites for
competitive industrial deoevclopment. By pursuing both goals
at the same timg, the United States is failing te make
explicit the =significant trade-offs involved when the
exigencics of naticnal security interfere with the
reguircments for successiyl econemics competiticon. And as a
result, the United States is in danger of ceding to its
acrnomic rivals what 1t 15 apparently determined to deny its
military riwals at almest any cost--permanent competitive
advantage across a varicty of contested fronts.

The Defense-Economy Debate. & debate has raged in tho
U.5. since before World War IT about the impact of defense

4, Robert B. Reich, New York Times, May 2%, 1I%853, op. cit.
5. ibid. and HSF Recpert E4-323, op. cit.
B, i1bid.
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as aircraft, computers, large-=sgaloe communicaticns ard the
like."10

Confidence in the beneficence of military spending for
industrial competitiveness was buttrossod in the mid-19460's
by a set of scctoral toechnology studics by the OECD, titled
gaps in Technelegy. The CECD studies deralled how U.S.
military spending had pushed the pace of inncovatisn and
widened +he U.5. techhnoleagizsal =dge 1n 4 rabge ofF industries
including aircraft, computcrs, and microclecironlics.

Indead, much <of todav's Burcpcan irritation owver U.5. oxport
controls on dual-use technologies (technologies with both
military and commesrcial applications) springs from the
perecoption engendared by those studies. There is a
widespread belief among America's principal trading partners
that access ta crucial commercial technolagics has becn
denied to them for reasans that hawve little ta do with
american security. Teo them, it appears thar the United
States is running an industrial pelicy throuwgh the Pantagon
as a convenient pretext for protecting its share <of world
markets (even while american politicians con=ihue o engadgs
in the rhetoric of free trade).il

25 indicared by the OECD studies, the assosiation
betwesn Pentagon involvement and commercial success appoars
to have baen guite strong in some high tech sectors in
earliser years [setting aslde Zeor the moment any sucgcstion
of a causal ceonnectiond). It is somewhat surprising, then,
thet American firms have experienced some of their mosc
dramatic recent lasscs of waorld market share in precisely
those industries which traditicnally have been most olosely
ticd to the Department of Defensc--aircraft, electronics,
and machine tools. It is this enplricael observation, so as
odds with dominant perceptions regarding the kheneficence of
Fentagen invoivement in market-oriented high tech socters,
that ha=z led many shservers to re-examine the link betwecon
military programs and industrial competitiveness.

Indeed, during the 1970's and early 1980's, an
altornative perspective emarged which challenged the
conventicnal belief that military aspending promotos cocnomic
graowth and industrial compotitiveness. An equally

I9. cited in Michacl R. Gordeon, "Will the Pentageon's zd Hoc
TTrdustrial FPolicy' Ultimately Hamper U.S5. Industrial
Creativity” in High Technelogy: Publ:c Policies for the
1980'=, & Haticnal Journal issues book, {Washington, T.C.:
National Seurnal, 1983, Schalitze was Chairman af the
Council of Boconomic Adwisors during the Carter
Administraticon: the qucte is fram an article he wrote Sor
the January-February 1%82 issue of Challenge.

11, Michasl Borrus and Sohn Zysmahn, “"Zlliances, Hetwsrks,
and International Competition,” Datamaticn, Veolume 31,
Number 11, June 1, 198%; pages 1B7-191.
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2. If military product development is the main
chjective, how far do the military specifications diverge
from tne commercial market reguirements of the involwved
industrys

3. Is the military program designed to encourage
competitive product development and efficient, generalizable
production technologies, or doos it encourage relianco on
zole-source suppliers and cost-plus, weapons-spocific
production technologisas?

4. boes the military program respond o demand that is
stable or growing at a predictable rate--thus making
aconomical mass production by dedicated assembly-ling
technigques--or is the demend, instead, for "off-line" items,
goods ar systems far which substantial stable demand naver
exists, and which must be manufzactured, therefore, in small
batchos using highly specialifed and expensive production
equipment that commercial manufacturers cannot afford an
their own?

F. 4t what stage of the life-coyvcle is the involwed
industry's development? Does it have an established sct of
commeroial priorvities, backed up by large sunk investments,
ar has its directicn of commercial develapment not yok hecn
defined and confirmed kv a pattern of investmonts?

6. Which commercial firmse in the involwed industry
participate in the military program, and what is their
competitive positisn within the industrey?  How will it
change as a result of their parcticipaticon in the program?

7. Will zelevant military-sponsorad advances ke
permitted to dAiffuse inteo commercial applications, and will
potential industrial allies [particularly those abroad)] be
permitted acecess to the technologics?

8. Does there exist for foreign competitors a
parallel, comercially-oricnted RE&D project explicitly aimed
at adwvansing the commnercial statc-of-the-art over the same



time span as the military program, and what is tho
Jikeliihood that it will succeaed?

Overvicw. By canstructing these cight guestichs into
an anaiviical lens--a manv-sided prism, really--through
which to examine the commercial impacts of various militarsy
programs, we cah begin to discover some useful patterns. In
the case of early Pentagon involwement in arcas sugch as
aircraft and micreoslectronics, for cramploe--two of the
sactars iacluded in the iafluential SECD report--military
programs aimed explicitly at advancing the technolegical
state-of-the-art, ecnccuraged competitive oreduct develooment
and cfficient, genecralizable preoducticn technologies,
provided cutlets for stakle wolume producticon that onabled
manufacturers to rezlice learning economies and large
cconomices of scale owver long production runs, occuarred at an
carly stage in cach industry's deovelapment [(boefore the
direction «f commercial development had bkeen defined and
confirmed by investment), and permitted relevant military
advances to Eiffugse 1nto commercial applications. In both
of these cases, the Pentagon clearly assisted in the
croation of 3 keneficial and conmpetitive trajectory of
developmoent for the affected industries.

in ather cascs, for cxample the case of numerically-
contrellsed machine tocls, the oppositc has becn truc. In
these cases, defense programs have fooused on the
davelopmaent of spesifis military produact applications,
reli=ed on sole-sgurce supplisrs and cost-plus contracts,
underwritten the use of expensive, specialized production
equipment for thse manufactiere of unigue ftems in small
batches, invelved industrics whose cemmercial prioritics
were already well-cstablished and confirmed by a pattern of
investments, and did not permit Aunal-use technelsagiss o
diffusc into the commercial sector. In these cases, the
Fontagon hes olearly inhibited the development of beaeficial
spincffs and has contributed te the avolotion =f a
miiitarily dependent and uncompetitive industry structurc.

tur aim herc is thus to begin to trace the wave in
which Pontagon involvement at various stages in the
dovelopmoent of a new techhcelogy has promoted or inbibited
the commercial application and widespre=ad diffusion of that
technology. In the procoss, meoreover, woe will diszover that
some current pragrams--specifically the VHSIC program and
the Strategic Computing Initiative--tend to replicate the
series of acticns which typicaliy have led to a pattern of
negakbive outcaomes. This is not necessarily becausc thesc
programs are poorlyv designed, at least from a defense
perspective.  Rather, it follows from the fact that military
necds are no longer in the mainstream of indastrial
evolution in many high techneleogy secters. Unlike many of



the programs of the 19250's and =arly &d's, current defensc
procurement pollicics are actually inhibiting the discaovery
and, especially, the diffusicn of new commercial
technologies. In 2ll cases, we conclude, militarsy
procurement and H&D cannct themselves mubstitute for a
civilian industrial policy in the faco of detormined,
government-supparted foreign efforts to advance the
aommercial state-of-the-art over the same time span as
current U.5. military programs.

Finally, we formalize the two broad patterns preduccd
by contrasting answers to our oguiding questions with
rofercnoe to an ideal comperitive high tech industrial
gstructure and a contra-ideal Pentagon procurament prodess,
This is guite analogous, in fact, to the distinctlien drawn
b Michael EBerrus and Marcello D'Cocco botweoon the U.S. and
Soviet "military-industrial®™ complexes. In thoe U.S5., as
thev have writtean,

v.smilitary research and development live in continuous
symbicgis with civilian research and production. This
has given rise to the whole conceptualizatisn of
comperciallv-beneficial spin-coffs, by-products, and
fall-cuts. By contrast, in the Seviet case, the
‘military-industrial complex' is a clearly definable
subset of the Scviet research and industrial
capacities, and has vory tenucus links with the
civilian industry.. . .Militery industry lives a life of
ity own, and its relations with the civilian economy
are only definakle as having near absclute priority for
competing olaims over scarce natienal technical and
asonomic resources.id

As Borrus and D'Caccoo argee, the two models provide a
particularly stark contrast. Nevertheless, the Pentagon
procuremsnt process approaches thoe Soviet model "t the
precise extont that military roequirements are sSo barogue and
unguided by cfficiency criteria that they in effect =zreate a
2ual industry structure--one part devoted soliely to merving
the military, the other to civilian uvses."156

For any gliven military pradram, answering tho sct of
cignt guiding guestions identiZicd in the last soction
permits us to detormine wnether the commercial impacts more

l4. Michael Borrus and Mzreslle 4'Ceccoo, "FProposal to Study
the Esonomics Conseguences of S0E," anpublished memo,
Borkoley Roundtakles an the Intcrnational Economy [BRIE],
University of California, Berkeley, 19850

13. ikid.



nearly approximate our ideal competitive or contra-ideal
Fontagon procurement models; we will employ these two models
as reference points for the impasts we discover. In this
fashien, we can attempt to predict where military programs
are likely to produce beneficial spincifs, and where they
are 1ikelv to result in "militarily-dependent and
uncompetitive industry development."16

e, 1ibid.
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IT. Both Sides of tho Story: Frograms FAst

To begin our analyslis, and o demonstrate the utility
of our apprcach, we apply our guiding guestions at the
surset to two technoleogically advanced sectors which both
oxpericnced an intense pericd of millitary attentien as sogh
as the innovaticns from which they arcse were discovered at
the cnd of World War II. 2as we shall sec, the ansWers to
our guestions are almest unifeormly fricendly to & positive
interprotation of the commercial implications of wilitary
programs when applied to the early development of the
demestic semiconducteor industry; LD the case of numerically-
controlled machine tools, howewor, the image thas emerges is
almost axactly the reverse. Indesed, the contrasting
expertences of the twe industries vis-a-vis the Pentagon
clearly presage tThelr contrasting cemmercizl performances
and help us to set the stage for an analwvsis of why this
should bo s5a. .

Semiconductors. Like the ferocicusly accurate missiles
it produced, the milivary's early relationship wich the
Imerican scmicanductor industry conkalned the seeds of 1ts
own destruction. The volume production that enahled
intecgrated circuits to compote it the commercial marketnlace
with diserete components came, Initially, as a result of the
Apollo space program and the Pentagen's development of the
Mincteman ICEM in the late 319&0's; oy the early 1%70's, as a
dircct consequance, defensc contractors were no longcocr the
7.5, semiconductor industry's primary customers. Since
then, moreover, the leadership position enjoved by the 11,5,
industey has gradually erocded as Japarese firms have
organizod sucoessfully o capture a dominant share of the
burgconing computer and industrizl markets for integrated
circuits. And unlike the gpilitary and space programs of the
early a0's, more recent military programs have net heiped--

and may have hurt--the commerclal competitivencss of UL5.
firma.

The Bell Larns =clentists who announced thelr invention
of the transistor to the public in 1948 knew quitec well that
they had come up with something likely <o excito Thc
militarvy imaginatien. Indecd, their announcement--like
AT&T's later decisions Lo disclose transistor tochnology to
the public==-was motivated in large part by a concern that
defenze officials might try te classify or restrict the
scisntistg! discovery., Commercial firms, on the other hand,
wore slow to recognize the revolutionary potential of
transistor techholeogy. 2According to Braun and MacDonald:



LCospite the early interest in the transistor az a
better wvalve [tubke], the transiztar was 50 radically
different from the valve in the way it worked, in the
way¥ it oould be manufactured and s0ld, and in its
apkarent potential, that it could not he comfortably
accommadated within the existing electronlcs industry
without changes that that industry was then unwilling
or uynakle to make. In its typical subjugaticon of
semiconductor develophert, mamifazcture, and maricting
Within valve departments, the cstablished electronics
industry demonstrated that it was largoly unaware of
the impacst the innevation could have 17

Thce early transistors were less reliable than vacuum tubos
and more expaensive: eXxcept for itz adaptation to the
manufacture of hearing aids, for which its compactness made
it especially well-suited, the transistor was Lot rogarded
das dn economical suostitute for swracuum tubes for most
oonsumer alectronics oroducts,

For the military, howover, miniaturization of
electronic circuits was a goal of paramount importance;
morcover, transistcers <id not generate nearly as much heat
in pperaticn as 34id clectron tubes amd they were much more
shock resgistant. The military was willing to pay premium
prices for these gqualities; what is more, fefense nfficials
were willing teo press for increased roliakility by
manufactyuring cguipment for the exhaustive tosting of
individual compenents and by building redundancy into its
transistorized egquipment almost regardless of cost,1B At
the zame time, military demands for miniaturizaticon, low
powor consumption, and high reliahilicy prodded rhe 1.5,
industry o soncentrate on the development of silicon-hased
devices, a tecancloglcal path different from that chescn by
the Europsans and Japanese who, diuring the 1950's, pursued
the devclopment and mass production of germanium,
transistor-based consumer elsctronic systems.:8

17. Ernest Braur and Stuart MacDonald, Bevolution in
Minitature: The Histery and Impact of Semiconductor
Electranics {London: Cambridge University Press, 1978) pago
a3,

18. William L. Baldwin, The Impact of Defense Frocursment
on Competition in Commercial Msrkets: Casces Studies of the
Elsctronics and Helicopter Industries, U.S. Federal Trade
Commission, Office of Policy Flannming, Decomber 1950,

12. Michael Borrus, James Millstein, and John Zvsman, with
Aton Arkisgscy and Danitel Q'Neill, ULS.-Japanese Compebitioh
in the Semiconductor Industry: A Ztudy in Internstiszsnal
Trade and Technological Develospment, Policy Papers in
International affairs #17, Institute of Inteornational
Studies, vniversity of Califernia, Beorkeley, 19B2. pago 15.
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Most critically, the programs we are discussing were
designed to encourage competitive tochnology development and
efficient manufacture, the former because the Pentagon coulld
not afford the risk of putting all «f i1ts technolegical oggs
in a single hasket, the latter boecausse compohent technolodgy
was understood to be an intermediate input thatr would go
into a wide waricty of military and spacc systems.20 Both
the Deofensc Deopartment and the large criginal eguipment
manufacturers *ypically followed a strategy of "scoond-
sourcing," reguiring at least two independent scurces for a
compencent befocre 1t ecould be included on an approved 1ist
for use in thelr cquipment. As desoribesd by Webkbink,
second-soursing encouraged rapid technological diffusion:
involved firms often shared patrent rights, drawings,
Fhotemasks, and manufacturing khow-how.21

ds impertantly, "military procurcment permitted the
semiconducstar industry to exXpand more rapidly than would
otherwise hawe been the cases, accelerating an industry-wide
movement down its exparience curves and cthus bringing its
products into cost-cfficicnt use by civilian oriented
firms."22 &5 Tilton writocs:

The impact of military demand on the semicesndustor
industry Transccnds its size, The armed foroes have
always inposed the most rigid standards and guality
control. They have constantly demanded botrter devices
and hawve not hesitated to inform the industroy of
epccific neocds. Morcowver, they provide a substantial
markst for new deovices that moet thelr requiremsnts.

The laticr is particularly important. DJften new and
botter semiconductors are initially too expensive for
industrial or consumcr electronic products. In
military equipment, reliabilisy and performance have
priority owver eosts, so that most new semiconductor
dewvices First find a home 1n military products. As
production procesds, learning occours and costs fall.
Witnin a few vears, the price is low encugh to

20. Michael Borrus, BRIE memo, 1985, op. cit.

21. Douglas M. Webkink, Staff Beport on the Semicondustor
Fndustrey: 4 survey of Structure, Conducst, and Ferformance,
1.5. Federal Trade Commission, Bureau of Economics, January
1277, page 97. Cited in Baldwin, op. cit., pages 25-6.

22. Baldwin, ocp. git. page 71.
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penetrate the incustrial market, and cventually the
CONSUMEr marxet. 23

In 1263, for example, the aversdge selling price for
monolithic IC's was £320; government procurement accounted
for 9% percent of sales. Toral IC propduction mushroomed
during the next three vears, growing £rom about £4 million
in 1963 to roughly $850 million in 1965, Bv¥ then, the
government's share of sales had already fallien to 75 percent
(585 porcent of the total value of sales reflecting purchases
hy the militarv), while the price of IC's had plurmmeted to
bhelow %% per cireuit. By 1972, when the proporticn of
domestic IC sales o the computcr and industrial markets
redched B percant, sales to the military accounted for less
than 25 percent of the American merket.ZzZ4

Throughout the 1%50's, the U.5. micreelectronlics
industry was still in its fermative stages, wiZth little surk
investment and almost ne establisned copmercial
technological development trajoctory. IR facht, mest of the
carly defonse contracts went not to ianevative start-ups
like Transitron, Motorola, or Texas Instruments, bur to
established suppliers of soon-to-be—outmoded vacuum tubas,
1ike Gehneral Eleceric, Western Elegtric, Sylvania, Eaytheoon,
and RCA. &5 latc as 1959, the hig firms wore awarded 78
percent of the federal research money for icarning how to
marmfacture cheaper, more reliabkle transisteors, owven though
they accounted, atc that time, for only 37 percent <f the
transistor market., Smaller companics camc to ponctrateoc and,
indeed, dominate the market almost in spite of Pentagon
efforts. 25

5till, military invoalvement in the fledgling industry
Flaved an important indirect role in encouraging new
ontrants and influencing industry structure. As Borrus,
Millstelin, and Zvsman remind us:

23. John E. Tilten, Inktcrnatiecnal Diffusion of Technology:
The Cage of Semiconductors (Washingteon, D.C2.: The Brookings
Institution, 1%71l) pages 52-20. Cited in Baldwin, op. cit.,
page 7l.

4. MWorman Asher and Leland =trom, The Role of the
Department of Defense in the Development of Integrated
Zireuits (Arlington, VA.: Institutre for Defense andlyses,
1977). LCited in Borrus, et al., ap. cit., pages l&-17.

25. Braun and MacDonald, op. ¢it., page 81, cited by Robert
DeGrasse in Tirman, op. <it., page 9Z. Alse, Rokert B.
Heich, The Meoxt American Frontier [How York: Times Books,
1983) pages 100-91.
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The shift to the transistor and ultimately to the
integrared circuit reshuffled the composition =f =he
leading component manufacturers. Few of the leaging
producers of the electron tube managed to retain their
component market positions in the new technologies. In
this reshmffling process, defense and aerospace
Eracuremnent oreated a market incentive for
gpntreprencurial risk-taking and thereby helped to spawn
an independent scctor of scmiconductos component
manufacturers. 246

Indesd, as Utkterkack and Murray conclude, "Defeonszse
procurement and support for RED stimulated the entry of new
firms in the electronics industry in soveral ways, primarily
through Adirect purchases. By providing ap initial market at
premium prices for major advances, dAcfcnse purchasers
speaded their intreoduction into usc."2?7 A good cxample of
this process is the eariy development of the integrated
circuit, which combined farmerly discrete elecrtronic
components, ilncluding transistors, on a singles silicon ohip.
Like the tran=istcr, the integraced circuiif was develosped
without government funding, in this casc by Toxas
Instrumecnts, in 1%53. By the middle of 1959, howewver, the
Alr Faorce had already awarded the company a %$1.15 million,
two=-ahd-a~half-year contract to pursue further developmsnt
of the technology; at the end of 1960, the Alr Torce
follocwed this up with a £2.1 miilion contract to comc up
with =pecial equipment and production technigues to cnakle
the fabrication of integrated circuits con massc.:28  Asher
and Strom note that:

s late as 1961, the industrial and scientific
commnities still veirced doubt as te the wo-th of
integrated cirouits from an eguipment and systems
viewpoint., To alleviate these doubts...the Alr Forcee
proposed the building of a ~oprescntative pleco of
electronic eguipment using integrated circuits. Under
Lir Force sponsorship, the building of a digital
computar was introduced inte the Texas Instouments
rroduction progra:. Twoe identical computocrs were

26, Borrus, et al., op. cit., page 1h. Bascd on Ian
Mackintosh, Microelectronics in the 1980's (London:
Mackintosh Publicatieons, Ltd., 1%79) page &6, table IT.

27, Jamcs Utterkback and Albert Murray, The Influence of
Defense Procurement on the Development of Civilian
Electrenics Industry (Zenter for Policy Alternatiwves,
Mamsachusetts Institurc of Techneleogy, 1977) page 3. Cited
in Baorrus, ekt al., op. cit., page 1G.

ZB. Borrus, ot al., op. ci%., page 17,




Bulit: one with 9000 individual components and one
containing anl¥ 5837 integrated clrcuits.2%

It is important to stress again that many of the major
semiconductor innovations were achiewved first by private
Firms without any govermment funding or assistance. This is
particulariy true for the three major technoiodgical
innevations uponh which the modern microelectronicss isndustry
has boeon buillt: the development of the transistor by Bell
Laks, the orcaticn of the integrated circulit at Texas
Instouments, and the development of the planar process by
Falrchild, a manuiacturing technique which allowed for the
coonomical progduciion of reliable transistors and thus pried
open a4 coiwvilian marker that could not nave otherwise
afforded to zarry the costs of testing and redundancy which
the military hkad assumed through the 1%50'5.30 Indesd, as
Braun ard Machonald reoort:

There 1z & division of opinion between those whe =laim
that military funding of semiconductor cevelopment was
essential to that development and thosce who scc only
the market provided by the Mllitarvy as having heen
Jmportant. The latter group suggests that development
woulld have occurred along the szame rincz and at the
same pace ad funds come from otheor sources. Whether
such copious funds would have been available from other
sources 1s perhaps less certain, but the argument
reflects a feeling that much military research meoney
was less than fully effective. Prolonged military
support of the anachreonistic micromodule project,
unbridled military enthusiasm over molecular
eleoctronics, the relative weakness in the commercial
market placc of some of the larger firms To which the
Military gave most support and the outrstanding succoss
af such firms as Falrchild, which usually avelded
military invelvement, are typlcally used to support
this argument.3l

T is true that particular RED projects which the
government choese to finarce turned out to he failures. It
1s guite true, as well, that tho wark that led ta integrated
circuits, for example, or te the development of the planar

29, Ashcxr and Straom, ap. cit., page 17. {ited in Borrus,
ct al. op. cit., page 14.

30. Baldwin, ap. ¢it., pagc 69.

31. PBraun and MacDopald, ap. ¢it., pages 141-42. Cited in
Baidwin, op. cit., page 73.
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process, was not directly firanced by the covernment. It is
alsa truse, however, =hat such work was under=aken with the
clear nhderstanding and expectation that, 1f it were
successful, there would be a massive goverrnment market to
purchasc the rezults. This 1z all the more significant
because the firms that came up with these innovations were
ot well-cstablisned cleoectronicos preduccrs. Before the
development of the integrated clrcult, the Defensc
Department's strang interest in soemicondustors was only
vaguely defined: it derived from its anticipation of the
advantages lmproved semiconductor devices might Ilmpart.
Thus, the Fact that HASAE and the Pentagon chose to buy
zemiconductors from any f£irm that came up with a superior
design was critical to the pramotion of the silicon-based
integrated circuit technoslogy ther praopelled e now
merchant somiconductor firms to the forefrent of the initial
military and space markets and thaen to the top of the
=igilian market that soon cmorgoed.

Moreowver, as Nelson has pointed out, "the American
defonse and spacc programs were massive in comparison to
Europmean and Japancsc public cxpenditures orn RED and were
far more amkitious in kerms of the technoleogical advancos
sought than anything tried by other countries." "Before
World wWar II," he writes, "American industroy certainly was
not laggard in electronics, buk it was rot noticeaniy
superior to British irdustry: and Gorman firms wore
considered the technologice]l readers. Several Edropean
firms were gquick to develapr transistors and, unti> the
integrated circuit cra, did not lag grecatly behind American
firms. But, by the ear2y 1250's, largelv as a resulit of
these defense and space programs, U.5. firms weres the
achkniowledged technolegical leaders in computcrs and
integrated sircuits.™372

In 1962, for cxample, government programs removed
finan=ial barricrs to integrated circuit production for both
Toxas Instruments and Fairenilaq; while the latter worked on
a guidance computer for Apollo spacecoraft, tho former
develeped a tissile guidance system Zor the Minuteman IT.
Betwaen 1963 and 1965 the U.S. semiconductor industry was
awardcd twelwve other government contracts £or tho
incerporation of monolithie integrated circuits into
military and space electronics systems. New companiss wers
formed--Signetics, Siliconix, General Microelectronios,
Molectro--attracted by potentially lucrative ciwvilian
applicaticons of defense-~sponscorcd toconnclogises: likewilse
attracted teo the burgooning government market, clder
electronics firms like Ravtheon, Sylwania, Motorola,

32. Richard R. ¥Nclson, High Technology Policissgs: A Five-
Hation Comparlscn (Washington, D.C.: American Enterarisc
Instituts, 1984} page 44.




Wes?inghDUSE, and RCA began to move toward volume production
of integrated circouitrs.33

on balarce, then, early military {(ard space) programs
clearly helped the U.5. electronics industry to achieve
research and prodaction supericrity over its competitors, at
least through the ecarly 2970's.  We can arrive at this
judgment by applying our eight gquiding questions to the
particular casc. The early military programs in guestion
wore dosigned to advance the state of the art of componeont
tecnnology, and miltitary specificaticns for miniaturization,
low power consunption, and high reliability coincided almost
cractly with the likely needs of commercial users “n the
then fledging computer ladustyry., Criticelly, the programs
were designed to cncourage competitive techbology
development and efficient manufacsture (the lattor booausc
componeht technology was understoocd to be an intermoediate
input that would go into a wide variety of military and
space systems). The microelectronies industry was at a
formative stage of development, with little sunk investment
and almost no eostablished commercial technological
development trajectarvy. The civilian firms participating
included large established and small start-up companies,
with the latter in particular eyeing potentizlly Zacrative
civilian applications of the aesfense—developod tochnology.
Maraovar, the techhnelogy was permitted to diffuse widelv and
rapidly between firms and into commerciazl uses. And therc
Were no compeoting forcign RAD programs of significance
aiming at parallci technolegy develapment. In sum, these
characteristics delivered a highly beneficial and
competitive trajectory of development for the U.sS.
microeiectronics industry, thorckhy approximating the impacts
to be expected from our U.S. rather than Sovict militacy-
economy modsel. Ik fact, werse the answers ko our cuiding
questicns to differ substantially, we zhall argue, so wWoudld
the commercial rosuits. To develop this point, we turn next
ta the story of the military's carly invelwvwement with
another now technology with potential commorcial
applications, the technology of numerical contrel.

Numerizal Controi. The U.5. machine tool industry and
amorica's armed forocos have carried on a long, intimate
relarionship regularly reinvigorated quring the pation's
wars--the industry's equicment being vital to the mass
procuction of tanks, artillery, and munitions, wartime
oonditicns, for better or worse, leading often to inportant
technical advances in production eguipment. Following just
such a period of advanceos during Werld War II, this time in
automatie mechanisme inciuding cemputcr calcoulaticon and
foedkack control systems, mechanical and clectrical
angineers began to apniy these new technical capabilities to
the problem of pesitioning machine tools. Numerical contral

33. PRBorrus, et al., op. cit., page 17.
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technelagy, whilch placed zpecifications for tne movemerts of
cutting tools on punched cards or macnetiec tape, developed
initially duec to the Alr Force's desire to fashion large,
structurally complex metal parts as components for migh-
speed aircraft and missiles (Zntegrally-stiffeoned wing
sections, variakle-thickness skins, cteo.l.

Throughout the 1%40's, civilian machine tool
manufacturcrs experimented with various applicaticns of
electronlics technology to metalworking equipment. Many of
thege experiments involved forms of record plavback contrzol,
a tyec of automatior which reguired a machinist to fashion
one part manually while the motions of the cutting toocl wore
recorded on magretic tape. A= the name implies, the
recorded tapc couid ther be piaved back, duplicating the
original cutting path and thus producing an identical part.
As David F. Noble hasz pointed cut in his cxtracrdinarily
detailed azeounts of the development of numerical control,
record-playback depeonded, for both programoing and
operation, on the rezcrvalr of crafs khewledge already
availlakle among skilled machinists. EBocause it used the
skill of the machinist as its bazeline for operaticon, he
argues, the tochnology wouild have becn readily accessible
and eesily diffused to most small and medium-siged
metalworking shops, Scorving as a transition technology to
full numerizal contzrel, and introducing the broad range of
U.8. metalworklng firms to the advantages of computer-
assisted production as =arly az the 1950's. 34

Nokle claims that managers in the large machine tool
firms saw in pumerical control an opportunity to consclidate
their shop-floor power and to drive smaller competitors out
of the market. Toward these ends they sypported the
creation of an ¢lite corps of N programmers and the
development of systems reguiring computers that were boyond
the financial reach of the small shops. Morcover, their
interests dovetailed casily with those of the university-
kased computer enginecrs who developed numerical control,
CAger as they werce to improve their prafossional status by
developing methods for controlling industriz? operations
tnat crgated Key positicns ir industry for matkematicians,
programmers, ard computer operators.ibh In this view, Noble
follows Harry Brawvcrman, whoe argued that numerical contrel
was doevelopoed primarily as a management tool to scparate the
coreeption and execotion of metalworking tasks, thus

34. David F. kokle, Forces of Preduction: A Social Histary
of Tndustrizl Automstion (MWow York: Alfred 2. Kaopf, 1%84);
also, David F. Noble, "Social chnoice in machine design: the
case of autcmatically contrelled machkine tocls,” in Andrew
fZimbalist, od., Case Studies on the Labor Process (New Vork:
Moenthly Roview Fress, 1979).

35. Boymour Mselman, Profits Without Producticn {New ¥ork:
Alfred a. Knopf, 1983) pp. 104-5.
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onakling the replacement of skilled metalworkers and machine
setters with untrained cperatives who needed only to fasten
the workpicce and push a button to start the pre-programmod
movements of the tool.36

There is undoubtabkly some truth o this arqument; the
carly trade literature on numerical control is filled with
extravagant =laims made by engineers and machine-toal makers
to the effect that NC techknology would scon make craft
skills obsclete.l7 and there arc case studies of
metalwosrking firms, large and =small, in which unskilled
operatives 4o indeed produce metal parts simply by Pushing
Luttons and watching the machines run. Buif, as Charles
Sabel has written, decades of eXperiesnce with coperation of
rumerically-centrolled tacls has indicared, in counkry afrer
country, "that economically efficicnt usc of the eguipment
aften reguires that programmers nave substantial kKnowledge
of machining and that opcratorls nave substantial kKnowledge
of programming. OCtheorwisce programs toend te be roundabout,
if they functicn at ail:; and machinists, who observe the
metal cutting first nand, nave no guick way of correcting
thoem. 38

More important for our purpescs, however, is a palnt
that Noble, himself, has made: "air force performance
gspecifications for four- and five-axis macnining of campleox
parts, often out of difficult materials," ne writos, "were
simply bewond the capacity of elther record-playback {or
marual) mothods."3% It should be no surprise then that the
low cost and relative simplicity of record plavhack di¢ not
particulariy interest Alr Foreg planncrs: Kobkle shows, in
fact, that there was no evidence of interest in cost-
minimizatliaon at any timge during the process of technolagical
develomnent. As 3abcl hasg zrgued, 1t was the product-
specific nature of millitary programs more than the desire
{which ¢id exist in somc Firmsi to de-skill the workforce
that sent the NC scoment of the 7.5, machine teql industry
alang a technologigal trajectory particularly upsuited to
the needs of mogt potential commoroial users:

36. Harry Braverman, Lakor and Moneopoly Capital: The
Dogradation of Work in the Twenticth Contury [(New ¥York:
Monthly REeview Press, 1974) pages 1%7-206,

37. sge Harley Shaiken, Work Transfermed: Aubomation and
Labpr in the Camputer aAge {New York: Helt, Rinshart, and
Winston, 1984) pages 75-6. ESo¢ also Braverman, gp- <it.,
Fage 202.

35, (Charles F. Sabel, Werk ahd Politics: The Divisicon of
Labor in Industry [London: cambridge University Press, 1982)
page €6; alzg sce Shaiken, op. cit. pages 6£-135.

1%, MNoble, in Zimbalis=t, =d4., op. clt., page 25.
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WnateVer the visionary pretensions of some of its
c¢esigners and their admirers, the first numerically
controlled machine tools werce in fact built as speclial-
purpase machines, suited Lo the exotic task of
contsuring complex acrodynamie surfacecs such as turkine
Bladcs and wings. Had the V.5. Alr Force not
subgidized the development of the first machines
through cost-plus gonkracts with the manvfasturers,
they would certain)ly not have been produced as guickly
az thoy were. PBercause of this scbhbsidizatiosn, the
maghines met the Air Forece's neoeds and virtually ne ohe
else's. 40

Indeed, it would have bheofn More propiticus from a
commercial standpoint had the maczhire tocl industry beoen
cnopuraged to develop more than onc automartic machining
technoleogy--oxpensive, sophisticared numerical contrel, for
subsidized military work and a more accessiblec, cconomical
record playback svstem that might have paved the way for the
use af teday's compact micropreccisar-based NC tools in the
majority of small- and medium-sized metalworking shops.
Instead, the ALr Force stepped in 2t the beginning of a new
oycle of the industry's development when machine tool £irms
were investing in =zeveral wvarjants of record playback and
heavily subsidized a single technology, guaranteeihg
lucrative contracts to an iseolated core of machine tool and
coentrel marufacturers who devciopod numerical, gontrols, and
creating a limited, highly-specialized market for NC tools
through its procurement policies.

Botwesn 19249 and 1959, when the Alr Forceo discoontinucd
its formal support for software development, the military
spent at lcast $62 million to rescarch, develop, and diffuse
rumerigal control technoleogy, most of it eriginating at
MIT!'s Servomechanism Laboratory.-41 Herse were croeated the
basic W hardware and a standard programming language, AZT
(Automatically Programmed Tools), & language so
sophisticated it cculd he applied to control the metions of
a cutting toel along five axes 1n unbounded spacea. But
software this wverzatile turned out te be virtually
Lrreloevant to the neceds of mest small- and medium-—sized
shops,. In Sabel's words, APT possessed "all of the
sophisticatlion necossary far deseribhing superhueman
maniputation, but none of the gonerality and simplichicy
required to @Epress economically atd in an casily learned
way the huge range of cveryday maching sperations. 42 Jr,
in thco words of Barley Shaiken, APT, for most metalwaorking

40. Sabel, op. cit., page BY.
41. HNeoble, in Zirbalist, cd., op. cit., page 25.
42. Sakel, op. cit., page &9,



operaticns, was the egquivalent of "using an M-1 tank o
drive to work."43

As Sabcl notes, "it took almast twonty vears and
broakthroughs in praogramming mcthods {(for ecxample, the
creation of MDSI's Compact II) and computer desiqn [for
cxample, the invention of microprocessors that opensed the
way o computer rumericsl controll hetore the original idea
af munerical control was embodicd in practical, general-
purpoze machines."4d Yet, because the initlial usec of APT
oreatoed programs which could noat be 23=ily transliated, 1t
continued to be the de facto industry standard long after a
new generation of simpler progranmming languagos 2occame
commersially availables., As MNobsl states, "Companics that
wanted military coatracts were compelled to adopt the APT
gystem, and these who could not afford the system, with its
training requirements, its computer demands, and its
headaches, werse thus deprived of government Jjobs. The point
here 1s that the software system which bkecames the de fasio
standard ia irndustry had been designed with 2 user, the Air
Forco, in ming."45 Not surprisingly, a 1981 survey
indicated that "while 48% of the firms with a large numker
oF HNC machine toois (11 or more) used APT, only 15% of the
firms with a medium aumber (5=10) and 13% of the firms with
a smazll aumbker {less thnan 5) used AFT.'446

Air Forco procurcment practices skewed the structure of
the machine tool industry's N segment not only throagh its
chalce af techwnology, but also tnrowegh its practico of
fFavoring with its contracts the corce of suppliecrs it oreated
in the 1930's, many of wnom have remained major progucers
into the 80's.47 3etweon 1949 and 1953, anly one company,
Glddings angd Lewiz, was sufficiently interested in the new
technalagy to invest any of its own funds, this despito a
massive campalgn mounted by the air Force znd MIT o
interest machine tool builders and the aircraft industry in
numerical control. In 195%5, howowver, prometers of the
technology successfully changed the spegifications for
stockpiling machine tools in the Alr Mateorial Command budget
allogation from tracer-controlled o numerically-controlled
machines. The Air Force then set about creating a markert:
it paid for the purchase, instailation, and maintenance of
ovear 100 ¥C machines in orime contractor's facrtories and

43. Shatken, op. cit., page 100.

44, Sabel, op. cit., pagce B9.

43. Heobel, In Z-mbalist, cd., op. cit., page 28.

4. seco the oxcellent study by Paul Ong for "WC Machine
Tools," in Industry and Trade Stratcgics, "Programmable
Automation Industries [(Reopert to the Congressicnal Cffice of
Technology Assessment [contract no. 333-2840) April 1983;
mimeo, Borkelovy Rourdtakle an the International Economy
(BRIEY, University of California, BPerkeley.

47. ibzd.
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funded training programs to teach the contractors how to uze
the new technologw. The results were impressive: botwocon
1951 and 1557, roscarch and develooment expend:ztures in the
U.S. machline teol industry meltiplied cight-£fold. 45

The Air Force practice of "seading," that is, the
direct placement of NC tools for use i selested firms,
seems to hawve provided these firms with & dominant hold on
the numerically-controlled secment of the mackipe ool
market. Combined with the high price and technical
complexity of the tocols, air Foroco contracts worked to
restrict the market to the asrospace industry and similar
specialized uses, prevertinag unti® the ecarly 1980's the
emergence of an Americar KC tool segment focused oxplicitiv
toward broader-based commercial applications. When advances
ir compubter and semiconductor technology made possible the
development of HC cquipment that could be programmed easily
to perform the wide range of tasks that make wp the majority
of machining jobs, fow amgrican firms realizec the
potential; American cxpericnce simply taught the industry
that computer-centrelled machine tocls could be cconamically
anployed only in large firms for the manufacture of complex
componcnts. 49 By contrast, the Japancse wachine tool
industry shifted rapidly to the production of small, HC
cquipment; Japanese productist of numerically-cantrolied

lathes and mechining cconters increased ten—fold betwesn 1970
and 197%.&80

Air Force irvalvement certainly helped to stimulate
demand for sophisticated hmerican-made NC tools throughnout
the civilian aerospace industrvy, which traditionaily
gocounts for between 10 and 20 porcent of the NO tool
mmarket .52 Because the technoiogy that helped to produce
intricate alrcraft parts for the miiitary could he easily
applicd to the production of commexcial planes, znd because
the military subuidized the cost of technelogical
development, 1t made perfect sense for civilian acrospace
firms to adapt militayrv N{ technology to their own uscs.
Irdesd, Alr Forcc programs Ccreated a eore of technical
expertize within the aerosDace industry which facilitated
rapid diffusion of the techrology into private acrospace
campanies or the ¢ivilian diwvizions of acrocspace companies
which also built military planes. There was oo
conplementary effort on the part of arny goveroment agenoy,
howewver, to promete the technolegy in cother manufacturing

48. HNchle, in Zimbalist, ed., op. cit., page 25.

49. One exception was Dana Corporatiosn’s Swmit product
center 1n 2oZaman, Montana. Koted in Mickael J. 2iare and
Tharlecs F. Szbel, The Second Industrial Divide:
Posgibilities for Prosperity (New York: Basic 3ocks, 1384)
pace 218,

0. ibkid.

51. Ong, op. cit. 1%83.




zectors.  In Japan, by contrast, MITI sponsored the rapld
ciffusion of WO technology throughcut the Japanesc cooanomy,
operating throuvgh a szt of redilonal techhnical assistance
conters--financed from bets collected on companv-sponsored
bicycle races--ta teach small- and medium-=sized metalwoerzing
Shops how to use the new techhology. This was combined this
with an ¢oconomy-wide preoductioh strategy that intehtzonally
creatod a market for small machine teools,.5Z2

The consocguehnces for U.8. competitivencss in MO mechine
tools scem ¢lear. By 1975, only 3.7 percent of the
metalworking egquipment used by the machine tool industry
itself was numericelly corntroiled: by 1979, more than two
decades aiter the technology bocame commercially available,
only 2 percenlt of all machine tools used in the United
States were numcrically controiled. 53 Rlthough the total
munber of NC machine tools almsst doubled between 1978 and
1932, imports as & share of the valuc of J.5. consumption
roge from a little over 23 percent in 1980 o more than 35
peroent By 1983, almest 90 percent of them from Japan.5d In
1984, two-thirds of the numericallv-controlled turning
machines and three-guarters of the NC machining centers
installed in U.E. firms were bought from foreign firms.5h
During the first seoven months of 19285, more rhan 50 peoreoonct
of all HC tools uscd in the United States cams from
oversoeas. e

Although significant differences in industrial
structure surely played an important role in shaping the
competirion for this, the meost rapidly growlhg scgment of
the machine tocl market, government policy had an overriding
influence .57 Both Japan and the United States sponscored
developmental programs; the commercial implicatiens of the
T.5. effort can ke read clearly in the answers to oar set of
gquiding questions as applied to this case: The carly
military programs were designed to meet specific military
product applications, the machining of complex aserodynamic

52. ibk:id.

3. Melman, Profits Without Production, op. £it.., pages 8
and 10,

94. U.5. Decpartment of Commerce, International Trade
administration, "A Compotitive Assessment of the U.S.
Manufacturing Automation Zguipment Industries™ June, 1984,
oages 22-25; pages 16-37..

55, U.5. De2partmcnt of Commerceo, U.E8. Industrial Cutleaok
1585, (washington, D.C.: 21%85), Chapter 21 "Motalworking
Egquipment' »age 21-7.

56, "Mechine Tools Industry Update," Prudential-Bache
Spcurities, November 4, 1985, preparcd by Christins Chicn
and Laura Conigliaro.

57. Bee Ohg, op. zit., for & description of contrasting
indust=ial structures in the U.S5. and Japanese NC machine
Lol sectors.
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ITY. The Pantagen and the Firm

at this point, we have applied our set of guiding
questions to two technologicaliy advanced sectors, amd 1t is
clear that arguments can be made on both sides of the
defense-economy debate. There aprears to be ro a priari way
o cdotarmine whether commercial impacts resultiag from any
particular military program will be positive or negative.
Nevortheless, it is possible to examine the recurring
fartors associated with defeonse rascaerch and procurement
that create the conditiens for both pasitive and negative
commercial effects. It then hocomes possible to determine
which factors are currently mest prevalent.

Two Sktrategics. High-techhnology firms Lry out a
variety of compotitive tactics in the marketplace, most of
which comkine fecatures of two analvtically distinct
marketing strategies. The first strategy invelwves an
attempt to fully exploit the gommeroeial potential of the
current product gencration--a tactio that reguirc® A0
emphasis on increased efficiency {low cost, high guality)] in
the firm's mapufacturing operaticns. The sccoond stretegy-—-
more common in fthe high tech sectors--involwes an attempt o
foous, instesd, on product innovation, a foacus that reguires
more of an organizational omphasis on research and
development.

Pt in slightly different teorms, the first strategy
suggests an attempt to move all the way down the cEperience
curve of the current product generation, huilding up a sol:id
customer base and distribution system, and theraby
truncating Yhe rents on innovation that would othorwise
accrug to firms that cheoose 0 Conwentrate en the
development of new product idcas and prototypes. In this
case, the firm plavs the role of "technology Zollower ™
building up a2 stare aof manufacturing and merchandizing
ggpertise by pursuing over mere efficiecnt productison of
product innovations developed cisewhere, building up profits
by successfully adapting those innovations to the specific
needs of its custaomer network.

In caont*ast, highk tech firms often chsose to bo
technalogy leaders, attemphing to cepture market share by
emphasizing research, design, and development, by always
being the first o start down the poxt preduct generation's
experience curve in order to galn compctitive advantage in
+he markoets of the future. To e successful, this strategay
must rest on a4 comparative advantage in design and
ehgineering; it depocnds, also, on Lhe apility to make a
profit by selling or licensing new inventions to firms that



hawve ¢chosen to pursue the technology follower strategy.

That akility is threatened, howewer, to the extent that the
innovations are casily copisd and upgraded, =nakling the
follower firms to capture substantial produst markct share
with the new technology befosre the lesader has fully realized
the financial fruits <f its inventicn. Thus, the pursuit of
manufacturlng efficicncy 1s important for technelogy
leaders, too--in this casc, it enablez them to keep
collccrting rents o 4 prior inhovation in the market for tho
current product gencration until the next generation is
ready to come on line.

Intentionally or not, government policices toward
industry also will tend toward promoting one or the other of
these atrategies: a pronounced tilt in either directicn can
occur az often by defaulr as by design. Public pelicies can
promote technological innevation--direct subsidics for R&D,
procurement policics thatr mandate statc-ofi-the—art
rerformance, the payment of price premiums above actual cost
in oarder teo subsidize experimentaticn and promeote
imprevoments in product quaiity and reliability.,
Alternatively, government policies can promote the rapid
achievement of production and marketing efficiencies,
through government-sponssred domoenstratisn projocts,
purchaser 35 wgll as proguccer subsidies, government
procurcment that specifics standarcs for inputs ang ouktpurs
ratner thanh state-of-the-art performance, anmd the promotion
af rationalization and mergors to obtain cconomies of scale.

The latter model resembics the Japanese approach to
developing emerging industrial sectors, at least during the
periaod of techoelogical catch-up leading up to the mid-
1970's. It also characterizes many government-sponsered
Programs in the United States--politicians in both countrics
prefer large demonstration prolescts their constituents can
see to expensive R&D programs whose pavoff (if any} occurs
far in the future. In many cases, howover, the II.5.
Department of Defensze has pursued the alternatiwve approach.

Pentagon policies afrten are designed explicitly to
advance the technological state-of-the-art. Frograms that
focus the attention of defense contrastors on being the
first to get started on each now exXpericngce curve are given
higher priority then the achiavement of preductien
eificiensics because the relevant axis of competition [1n
tnis casc, with the Soviets) iz not price or use-valug, but
the achicgwvement of absalute technological superiority and
the ostablizhment of an effective deterrent--in a vory real
sense, non-use value.

Theose sorts of development policies can maxke good
commeroial sense as well, but only under particular
cirumstances. These corditions arc reslly just a list of
parcticular answers to ocur sct 0F guiding questions: besides
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a focus on advancing the general technological statc-of-the-
art (as opposed to an emphasis on specific military product
arplications), the military program must encourage
competitive product development and =fficient, generaliizable
preduction tecchnologiss, provide outlets for volume
oroduction so that manufacturers can roalize learning
econoinies and large economics of scale over long producticn
runs, oocur at an early stage in the affected industry's
life-cycle {befoare the dircction of commercial dewvelopment
nas peoen defined and confirmed by investment), and most
critically, allow relevant military advances to diffuse ints
commercial applications.

When militaery programs f£ollow this pattern, they <an
holp to promctc commercial competitivensss. wWhen they do
not, they contribute instead to producticn inefficiencies
which can undermine bath of the compeotitive markecting
strategices gutlined akbewo., In ¢ither case, morepver,
production inefficiencies are actually encouraged by the
rigid governance structure that comes to charactergize firms
working under contract to the Fentagon. It will Do useful,
therefore, first to describe thisz structure in scme detail,
contrasting it to the internal governance structures that
tyify high tech firms whizh compete sucoocssfully in werld
markets. We will then procesd to examine particular
features of the Pentagon's researcn and procuremseht process,
paying particular attention to their impacts on one or the
other of the demirant marketing strategies pursused by highk

tech firms, wolume production and, especially, product
innovation.

Firm Gavernance Structure. The Pentagon's practice of
contracting with ¢ivilian companics to Fulfill much of its
vesearch and most of its producticn needs has given risc Lo
a unigque arganizational form, the military-industrial firm,
whess characteristics differ sharply, in both overall
strategy and routine operation, from those usually
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ausoclated with commercially-sucoessful high tech firms.5s
It 1= the process of differentiatiosn, the process by which
the military research and development offort begins to lose
itz svmbiotiz connecticon te civilian industry, with which we
arc most concerncd. For standard coperating procedures which
may make perfect smense SZor achicving military objectives may
have perfootly awful consoquonocs, as we Dlave secn, for the
anility af J.5. manufacturcers to =emaln competitive in worsd
markets., Aand pecause the routine and strateglic economic
bohavicr of fimms i1s significantly shapea bDoth by theoir
interactians with other institutions and by changes in the
tasks thev must perform in order to scrvive, the increasing
involvement of non-defense firms in military programs
threcatens to ombed poor compebitive porformance into the
very processes »Y which these normally market-oriented firms
routinely struciture thelir ecohnowmic b=havior.

Thz Pentagen can dominate a contracting firm to the
cxtent that it can contrel vizel clements in the firm's
environment which, in turn, <¢onstrain the choices the firm
can make about how to behave--abouv: how to develop a procsss
for making strateglic cholices arnd for crganizing its day-to-
day operations so as to make thesc chelices cffocctive.39 In
menLltering the oerformance of a contracting firm during the
development of a new weapons system, for example, the
Dentagon exercises each of the forms of control John Zysman
has identified as daefining +the relationship bettwrecn a
"doaminant" and a "subordipate" institutbicon: the Ponbagon,
o a ereaet cxtent, commands the ressurces regquired bw the
contracting firm; it Setermines what tasks the contr-acting
firm will perform; and it estaklishes the rules and

SE. Two useful theoretical studies of the military-
1adustrial firm are: Jaohn Francis Gorgel and T. Kleinfeld,
The Militarv-Industrial Firm (MNew York: Prasger, 1972} and
Seymoury Melmash, Pentagon Capitalism [Hew York, MacZraw Hiil,
1970). Other lmportant apalyses arc Jochn R. Fox, Arming
America [Harwvard University, Graduate Schocl of Business
Administration, 1974} aznd Jacques 5. Gansler, The Defense
Econocmy, {Cambridge, #A.: MIT Press, 18980). TFox ard Gansler
are both exrperiencsed adrministrators 1n mllitary-industrial
firmzs and the Defenze Doepartment. Melmar provides an
excellent summary of Fox In dppondix III of Profits Without
Production, op. git., cntitled "Eow tho Military Hoconomy
Maximizes Cost," pages 30i-4. Arnother useful sumgmarsy
analvysis is5 provided by John E. Ullmanr, "The Zertagon and
the Firm," ir Tirman, ed., op. cit., pages 105-22.

59. Ullmarn suggcsts discus=zing the Pentageon'=s controlling
infilucnce in terms of the contral charactorstics of the
decision power of a tvpical commercial cnterprisc—-the
degree of control over "what £o make, how to make irn, in
what guantity, at what price, ard with wnose invested
money.'" ikid., page 108,




procedargs that the contracting £firm must follow in
porforming its tasks.60

The Pentageon's exdtensive, product-specific involvemsnt
in the workings of & commergizlly-oriented firm can guickly
undermine the £irm's competitiveness, Most oritically, if
the Pentagon gains primacy as a source of finaneial support,
the firm's atTenticon will ke drawn away froam markct signals
and toward the establishment o routes of influencc on
Accision-makers in the Pentagon. The contracrcing firm
Begins to mimlc the bureauncratic structure of the Pentageon
itsclf in aorder to farilitate cffective communication,
isolating itself, i1n the process, fronm channels of
communication with ciwvilian customers.

The firm's dovelicpment of channcls for influencing
Fentagen strategists will be more pronoulnced--that is,
reflected more Cclearly ln new organizational routines--the
tiore contlnucus and widespread azro the firm's interactions
with the miiitary burcaucracy. Qhe 1s hard-pressed ©o think
of a more sustained sct of interactions betwoen WO
organizaticons than that prodoaced 2uring the process of
development of a new weapons system. A= Zysman writos:

Every small technical chahge must have performance
copnsegquences, and it is for tho user, not the
manufacturer, to decide which mix of charactocristics is
most appropriate. Moreover, the prozess of on-doing
survelllanoe will :nvelws Interaction at all levels of
the organization between financial control perscanel,
enginecrs, Btrategists, and the like., The boarderline
Ectween the two groups may, in fact, blur.el

Altrnough firms working under cantract to civilian
Sustomers surely expecht 2 certals amount of customer
oversight regarding the design of technical specifications
ang the progress of producticn, military centractors (and,
cften, subhoontractsrs) must ehndure constant supervisian over
al: aspects of their opcrations, from payroll te laoventory
control. A coterie of Pentagon supervisors moves 1n to
monitor the contractor's compliange with the militarvy's
contral directives, a system of hechavioral rules primarilty
onpntained in the armed Services Procurement Reduiaticns
[ASPR]) apnd supplemented by The Doefense Procurement Handbook.
Aocording to Fox, ASPE comprised I00-123 pages when 1t was

60 . John £ysman, Paolitical Strategies for Indus+rial Order:
State, Market, and Industrv in France {@erkcley: University
of California Press, 1277) pages 173-T6.

£l. 1kid., page 175,
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first put together in 1947; by 1973, the rules covered 3,000
paces in loose-leaf format, with monthly replacencnt pages
adding to i1ts bulk on a continuing bhasis.f2

High technology comparnles, small or large, need to be
quite flexible whern introducing new products or production
wechniques. Thus, successful firms tend to be decentralized
and multi-divisional, with =z wredust develomment office
aoperating within each division and in =locsc contact with the
divisiconal departments responsikle for engincerindg,
produetion, and sales. Thoe geparate departmepts of product
development must monlter all product applications vVersy
closely, so that they can identify opportunitics £or new
product lines, scnd the nroduct research staff off in new
directions, amd work with the divisional sales staff to
raespond guickly and creatively to customer hneads and
SULgestions. 3

The product development process 1n military-landustrial
Firms could nardly he more different. The Defense
Dopartment decides what it wants the firm to make. Bids are
solicited o 4 supklier is chosen outright. Indeed, becausc
the Pentagonl geherally yelies oh its priary technological
oxperience with a3 contractor in order to evaluate the
contractoer's claims for the expooted technical porformance
of a proposcd systerm, established firms tend to he favored
over more innovative start-ups. In addition, tne Pertagon
profers +0 accept bids only from £irms it consideors
"gualified sources," that i=, firms which have gxisting
plant and equipmen: capable of handling beth the developnent
and preductlon portions of a proposed contract.&d

Bocause of its overriding focus on the achiavement of
toechnically supcrior weapons systems roegardless of cost {and
it seems, somebtimes, regardless of poerformance), the
Pentageon's overall attitude toward product develaopmernt
resemples haoching 5o much as the old comie strip drawing of
a cave womal ane her huasbang, who hes been working =n his
netw inwention, a crude stone wheel, "That's wvory hice,
dear," savs the wife, "hut how arc you going to hit somebody
with it?2"a5

2imilarly, the Pentagon's standard practice of "planned
concurrercy” during the dewvelopment and productionb process
gacrifices the quality of the product to the military's

62. Fox, op. cit., page 14.

63. s=ge Ullmannr, in Tirman, =d., cp. ¢it., page 1d5.
04, Gansgler, op. £it., footnote 17, page 304.

65, Ullman, i1n Tirman, =d., op. <it., page 109,




needs for "minimizing acguisiticon cyele time."66 As Melman
CHEplalns:

In industrial and other gnterprises it has long been
ttandard practice to prepare schedules for the steps to
b taken from the incepticon of a new product to its
introduction on the market- Typically, a product
schoedule includes a rescarch and development phase,
tollowed by product design and the proparation ang
testing of a prototvpe. Modiflications are then made to
elimipate undesirable features and a revised design is
drawn up for further testing. This process repeats
until & prototype has withstood operational tests that
gatisfy the management as to the adeguacy of thc
product. HNot until then does the new model go into
producstion. &7

The idea of concurrency, howevel, 15 Lo perform many of
these steops simultancously, pased on the assumption that all
intervering functicnal operatisons can De carrisd ogt at the
same time. Instcad, Melman nptes, "what usually haphehs iz
that defects in the products are discovered cither at the
factary or while in usc by the customer. Then modifications
are made on the already produced and delivered egquipment.
This 1z the most exponsive way Enown to carry out revisions
in industrial design, but it is a procedurc ordained as
standard practlice in the regulations of the Department of
TOefonse. 68

Thus, within an explicitly protecticonist environment,
the Pontagon can use manifestly un-competitive incentives--
zole-source Erocuzomeant , :Gst—plus contracts, obo.-—-to
structure the arganization of production te suit its own
rirposecs.  Unlike the positive eleoments of our Pontagon
involvement model=-=-a mix of joint researcn and dewvelaopment,
intense internal competition, and ¢oxternal protection which,
except for its lack of explicit oricntation to world
markets, resembles Japaneze-style "controlled competition'--
these aspects of standard Peontagon practice tend to drive a
wadge betweoon contracting firms and thelr commersial
markets. More and more, a contracting £irm fincs +hat it
must substitiute procedural channels to and the product
development agehdas of Dofonse Department btecknocrats (ané
their Congressional patrons) for merchandising channcls to

B&. U.S. Deopartment of Defense, DJepartment of Defcense
Instructien, ho. 500A0.2, March 19, 1280, pages 12-13. cited
in Melman, Frofits Without Froduction, op. c£it., page 213.
7. Melman, ikid. page 212.

B8. ikid. pages 212-13.
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and the rapildly shifting demands of ¢onsumers in
internaticiral mearkots For high technology products. Whercas
commercial firms arc typically constrained =y the kalance
wnich must be struck Detween the price acd wolume at which
thneir products can e sold in the marketplace and the cost
at which they car be produced, defensc caontractors must
corgentrate on tallering thelr product mix and technological
wizardry to performance coriteria spegified by Pentagon
afficials. A great deal of organizational enerqgy is
therefore =pent merely cn devlsing ways in which o bketter
anticipate ard influence those criteria.

Ccne Step Forward, Two Stops Back. It should ke clear,
by this pelnt, that although Fentagon lnvelvement in the
dovelopinent of new technologies i1s nobt accessarily good ar
bad from a commercial standpaint, its impact on the day-to-
day operations of commerclal filrms 1s Likelvy to prove guite
disruptive. Thus cach of the methods woe wil: now aiscuss by
wiich the Tentagon can promete competitiveress--wvolume
procurement, "buy American" provisions, payment of price
premiums, direct subsidieg for RiD, diffusicn of innowvations
by defense-trained rcgearch personncl--can shade eastly,
almest imperceptibly, inte threats ta the competitive
performance of contracting firms--pork-barrel procurement,
famaging protectionism, sole-Sourcing and cost-plus
contracts, techkological over-Sophistication and harrowly-
aprlied R&D, over-specialized personnel hamstrung by cxport
and publizaticn controls. Eaczh of theose foroes 1= prescnt
during the course of every milltary program that involves a
commeroial firm, and cach is reflected in the set of guiding
gquestions wWith which we are attempting to determins the
commercial implications of particular military programs.

The Pentagon's increased interoest in contracting with Zirms
in the commercial mainstream iz worrisome preciscly bocause
the negative aspects of the procurcment proacess cal

systematically corrupt the successful competitive habits of
innovative high toch firme.

The following features of the Pentagon re=carch,
develapment, and production procaess arc grouped with
reference to the dominant marketlng strategies sutlined
carlier. The first set is most Likely to aid or oventuallwy
undermine a wolume production strategy: the scoond set will
tend to promote or subwert 3 strategy of product innovatian,
depending ©n the answers to ouUr Set of guiding guestions
with respect to the particular military orogram which brirngs
these featurcs inte plav.
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Volume Procduciicon Strategies: The HEole of Military
Progurement. Clearly, Defense Department procurement has
had a substantia® effect on the development of commercial
markets for many emerging products. Milizary hardware
contracts acocounted for 6.9 percenat of the duranle
manufacturcd gooads s21d ir the Uaited States between 1360
and :973: in the ten years following up through 1983,
defense hardware contracts averaged 10.9 perecent of rotal
U.5. durakle mamifacturced goods production. Thess purchases
have been most concentrated in high technoslogy scctors such
a5 aerospace, electronics, and communications--70 percent aof
the Pentagon's majer hardwarc purchascs over the past three
doecades have beooen components of advancoed technological
systems faor aircraft, missiles, eplectronics, and
cormunications eguipment. €9 In the wake of the Reagan
ddministration's unprecedented miiitary bulld-up, defense
procurcment 1= agalin cxpected to expand the markets for
several types of high toch products into the 199%0's.

Betwesn 1983 arnd 1%87, for cxample, deforse spending for
semiconductors was projected to increase by more than 18
percent; the civilian marke:t was expected to grow by 12
percent. Inn the computer Zndustry, military salos were
cxpoctoed to lncrease by more than 16 percent while
commercizl sectors grew a bit less than 13 percent. The
samc uneven patteorn was expected to obktain in communications
(11.5% for ccfense: 5.21% for commercsial applicationsy and
angineering and scicntific eguipment {23% for cdefense; 5.6%
for commercial applications)_ 70

Erotecticnism. In the shart term, the Pentagon
promotes the competitiveness of awmerican manufacturers
through a series of "buy American" provisions written intoe
its procurement regulations. These provisions offer a
degree of import protection for zmerican producers by
requiring the Dofense Department to purchase domestic
mroducts if the added cost o9f =o doing does not oexceed 30
poroont. The Pentagon was exempted, in fact, {(aleong with
the Energy and Transportation Dopartments) from the Trade
Agreements Act of 1979, That act scught to reduce
protestionism in government procurement, largely at the
regquest of U.5, high tech firms who were trying, then as
now, Lo ponctrate government mazkets in Japan and Western
Europe.7l  As with the rest of the practices discussed in
this section, howewer, this one igs characteristically
double-edged. Protocticonist pelicies insulate 2merican

9. Hugh &. Mosely, The Arms Bace: Economic and Social
Cohseguanses [Lexington, MA.: DL.C. Heath, 1884 page B0.
70. ZReich, The Hext American Frontler, op. clt., page 152.
71l. Ira C. Magaziner and Rooert B. Reich, Minding America'’s

Dusiness: The Decline and Rise of the american Ecancemy {(Mow
York: Vintage, 1%83) pages 226=27.
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manufacturers from international competitive pressures to
iarevate, so the "competitiveness™ such policies Drotect 1=
mors apparent than real. As Lester Thurow has wriltten,
MMilitary spending 1z a captive market for American
manufacturing. Americans dern't asxk for competitive forelan
bids on military equipment. If they Aid, all of our naval
ships would be made in Jagan."72

Sole=-sourcing and Cost-plus Cantracts. As usual in
cazes of direct protectionism, "buy American" provisions of
this sort invelve no guid pro gus on the part of producers
to epnzure that they will take advantage of the artificial
relaxation of competitive pressure for the development of
hign-dquality preoducts at low cost.  After all, the Defensc
Dopartment has ns interest in the successful marketing of
new produtts; its main interest in procuremgnt is ensuring
the timely delivery of technoinglically-superior woapons
systems by stable military supplicrs. Indeed, more than 65
percent of all defensc contracts are routincly awarded
withoutr competitlive bidding.723 Even when firms must compete
for Pentagon funds, meorcover, the bidding process is
offoctively subverted by the award cof cost-plus cohtracts,
which provide the firms with an incentive to marximize thelr
costs of production in order to expand the federal subsidy.
Indecd, producticon efficicney is actually penalized under
this system since profits are ozlculated on the hasis of
total costs.

0f course, even among defonse contractors, competitive
rivalry 1g often fierce during the early rescarch and
development phase of a project, when a few very large firms
arc ailowsd to bBid for programs likely to bhe worth billions
of deilars over scveral years./74d  5till, this is a type of
competitive benavior quite unlike rhat reguired for sucoess
irn world markets. Firms have every incentive, when
competing for zecess to Pentagon funds, to pour millions of
dollars into enriching the presentation of their proposals,
bocause the Pentagorn eaveatually pavs for all proposal costs

72. Lester C. Thurow, The Zerc-5Sum Solutich: 3uiiding a
Worlg-Class American Economy {(New York: Simon and Schiuster,
1935) page 100,

73. Baldwin, op. clt., Table II-1, page 13. Gansler notes,
a5 well, that "oven the DOD acknowledges thnat ovelr 60
percent of defense dollars are awarded op 2 soale-socurco
basis, and that the share of the dollarsg in this catogory
has becp locreasing." Jacques 5. Gansler, The Defensc
Economy, op. <cit., page 93.
74, Gansler argues that 1 order o understand how the
Pentagon's compebitive bidding process parsdoxically bids up
costs, onc mist distinguish potween competition for the
initial gontract award and competition during the much
~onger procuct development phase of a project. Gansler, op.
cit., pages 92-33.




ags part af the project's routine overhecad expenses. At the
gare vime, firms often compete on the basis of
unrcalistically lew hids, because they know that the costs
of any changes made later on in a profoct will be fully
reimbnrzed through Pentagon progricss payments.?s
Conseguently, the costs of an average contract increase by
at least 45 percent over the 1life of a typical project; as
Cansler note=, this significantly ilncreases the totai amourt

of contract deoilars awarded without benefilt of
competition. 7a

Cost=-plus provisions make some sense given the
Pentagon's primary contract objective: the achievement and
maintenance of technological supcriority. Hawving already
eliminated the very risky process af ildentifving a new
product and its potential market, the Pentagon now attompis
to cnakle the contracting firm to eszape much of the
financial risk associated with long-term product
dovelopment. Thus, military suppllers are rarely under any
precsure ¢ achisve high gquality at the lowest poessible
oost: the incentive is rather to pursue high guallity
regardiess of cost.. And this cohliective is kept in focus
throughout the bidding process, as most defense dellars are
awarded, nobt onr the bagsis of price, EBut as the result af
nxpectod technical performance. In sum, 25 Gahsler writes:

Booalsc...almost 3ll of the gofense scguisition dollars
are awarded as a rezsult of technical competitions,
changes to a singlc firm's conhtract after it has won
the original competition, or selo-sourcce awards to the
only firm invalwved in a particoular project, and since
the majority <f sub=contract dollars are gimilarly
awarded to sole-ggurce prodicers or e a firm's sister
divisions [as a result of vertical integraticn), wecll
over 20 percent of the defense contract dellars are net
awardod on the basis of price competitlicn or in the

presence of any iheentives that would drive down the
costs. 77

7a. ibid.. footnote 1%, page %6, Low Geveliopment cost
estimates help the Pentagen to got programs throvgh Congress
in two wa¥s--:ithey give the appocarance of lower costs and
dalsc of ipwer profits, because the formal profit rato is
caioulated based on the initial <ollar bid. Cost ovorruns
are reimbursed by the government separate £ram the
megetiated profit rate.

76. ibkid., page 73, This figure iz bhasced on Gaansler's
analysi=z of prefit rates on completed prime contracts for
fiscal wears 1333-1074. tyirical cost-plus-fgo contract
grew by 75 percent.

77. ibic., page 893,
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A= Baldwln notes, moch DOD procurement is not of parts,
but 2f highly integrated electronic systems, often in highly
specialized form, such ag naval tactlieal onbeoard computers
or senscor surveillance eguipment. In bis words, "in such a
highly interrelated system, needs for system compatibility,
critical time path considerations, and ready availabilitcy of
csgential technical informaticon ang gporatring data mako some
sole-source pracurcements from established producers
inevitapio."78 Indeed, not zall sole=source progurements arc
anti-competitive; some cocur 1n responsc to unsplicited
propasals from smaler firms and new cntrants.
Unfortunately, notes Baldwin, scic-sourse oontracks are
usually ot used cffectively to reduce narriers to enbry ard
promote compctiticon. Instead, unsolicited propesals are
mest often "used as the basis for issuance af competitive
invitations t< bBid. The result 1s to discourage swuimissian
of unselicited prepesals, expecially the more inrovative and
potentially valuakle to boath the contractor and DoOD.MTE

Froduction Volume. Pentagsh procurcment can aid the
process of commercialization ©f rew tochholocies by
providing manufacturers with a market large cnough to
accelerate learning and achieve greater econcomics of scale.
Such wolume is especially crucial to the achicvemsnt of
lower costs in military profects underTaken within the
framewsrk of cost-plus soniracts. But Pentagon production
decisions==incuding production Zocation as well as volume--

re aofter the result of pork-barrel politics; there is no
markct mechanism through which to assess demand or markst
saturation (what might be appropriately termed "oveorkill,™
at least inh thi=s geopntexs). In contrast, as John Ullmann
writes, "Production wvolume i1s normaily subject to major
docisicens or the part of managoment after azesessing the
marker to e scrved, its prospects for expansion, or the
possibility of opening up new markets o market segments and
the guostion of whethor to design the manufacturing system
for mass producticn or small batck outpur.'a3d

These decisions can be ipflucneoed significantly by the
Pentagon, out that iInfluenge deperds mightily on the size of
the military merket relative to the total market for the
incustry's produsts. The influence of Pentagon procurehent
on the developmental tralectory of the semicanductor
industry was prodiorably massive, for example, when the
military accountcd for %5 percent of the market. As we
shall sec in our dizcussicon of the Pentageon's Very¥-High-
Speoed Integrated Circuit program [VHEIC), however, tho
military's ability to influerce the commercial direction of

78. Baldwin, op. cit., pages ¥6-77.
T8, ibid.
0. John Ullmann, in Tirman, ed. op., cit., pages 11L.
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the industry today is clesrly inhibited by the fact that its
snare of total semiconductor salcs ranges between 10 and 15
poercent. 5till, the military's share may be large enough to
affect decisions at the margin of technological advance;
winen the military's share--and funding dominance--cavers theo
cutting edgs of the industry's product market, zsubstantial
help or haxm tmay bo done dependling on how close the

military's needs are to the needs of the industry's
mainstream marlet.

Production Innovaticon Strategiecs: Advancing the Stato-
of-the-aArt. By sctting performance standards higher than
those typically encountered in ciwvilian technelogical
dovolopment, military programs <can challienge scicntists and
cnglineers to imagine now tochnological fronticrs., The
Pentagon can promobte successful Innovation not only by
refuzing to speclfy input and cutput standards, but alsa by
axpanding production faster than it would otherwisc grow,
thus aceeclerating an industry-wide =lide down the exXperience
curve., Mareowver, the Pentagon can promote successful
toechnology development by providing the funds which cnakle

manufacturers to spread their technological bets. AS ohe
Pentagon cconomist puts it:

Defense sets goals that are difficult &0 mest: CUr new
programs coften tax the limits of technelogy. Only the
Department of Defense's budget 1s rich enough ta
experiment with new appreaches to complex prablems. Tt
iz my beiief that we cannot foretell exactly the furure
path that techrnoleogy must take in the quest for new
commerclal applications and solutions to nopn-defensze
prabioms. In the same sensc that we scocg the olouds in
the hope for rain, so too we seed our roesgearch

laboratorics in the hope of finding =scluticns to
difficuelt prohliems.81

EBocause teCchhological dewvelopment 15 inherently uncertain,
particulariy at the earliest stages of generic research,
miitipie approaches are ssgcontial to improve the odds that
the rescarch will pay off. As John Zysman and Stephen Cohen
have argued, this strategy is analogeous to covering the
table at the roulette wheel; cach bet is waluable precisely

8l. find reference.
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bgcause 1t 15 different from the athers.BZ2 Spreading onets
technological bets 15 therefore the most intelligent and
conservative technological development strategy for
individual firmg ag well as the Department of Defensec--as
long as the wvaricus approcaches are ot constraired to
caonform to specific military products ©F systems.

Frice premium=z. Thus, in acdizion to enlarging the
voiume of preduction through its procuremernt contracts, the
Pentagon u=es gost-pius fenbracts [which guaranites a
specificd percentage of costs as profitl to subsidize the
covelopment of pioneering technologles and improvemsnts in
product reliability which would not b= profitable in
oommercial marxets. This practiszse has some rather large
drawhacks, of course, 35 we have sefth. We shoueld not lose
gight of the fact, however, that the Pehtageon's willingness
to pa¥ & premium owvel actuwal costs constitutes a government
subs=idy which can spur the development of rew technologics.

Because defonse contractors receive pericdic cost-
reimburzements during the lencthy develooment phase of a new
wedpens systam, they can use the Pentagon, in =ffect, as a
source of interest-free working capltal. This is especially
useful for high teck firms whose products are often on the
cutting-cdge of technalogical dewclopment and where working
capital thus accounts for a2 particularly large propertion of
tatal lnveostment. Magaziner and Beich illustrate the
utility of such Pentagon fimancing to an indivicual
cantractor: one scpplier, they reoport, showed a & pocreent
refturn on sales in its <ivilian operations ang a4 2.3 percont
returll ¢h sales in :tS military pporations. Because of
Pentagon progross payments, however, the same supplier
showed a return on ihvestment of 18 percent in itz <iwilian

business and a whopping 48 percent in 1ts military contract
wWork. 83

Technological gWer-scphisticaticn. Still, regardless
af its impact on the health of an indivicual company's
financial kalance sheet ang despit+ts popular perceptlonzs to
the contrary, there 15 little evidence that technical work
done for the Department of Defenge has routineliy yielded
substantiasl benefits, in terms of commercizl spineffs, ta
the civilian coonomy. A8 we shall show in a moment, the
spineffs that have sccourred all inwveive highly exponsive and
sophizticared atrcraft and electreonice-bazed products which,
in =schc cases, reguire little adapration between military
and givilian vwses. In terms of genseral consumer products,

B2. Stephen Cohen and Sohn Zysman, Manufacturing Matters:
The Myth of the Pogt-Thdustrial Eoghemy, anpublicshed drazt
manuscript, Berkeley Roundtable on the Intornational Economy
{BRIE), University of Califcrnia, Berkelev, Jaruary 7, 1986,
23. Magaziner and Relenh, op. £it., page Z28.
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one 1275 study founé perhaps 3 Percent, but not moxe than 10
percent of spinoff per military rescarch dollar. 84

Mary ¥aldor has argued that the military product
enphanis of much research and development in the United
States typlcally results Aot in roevolutionary ianeovationg
but rather in "incremerntal improvements to 2 given set of
performance characteristicsz through often radical changes in
bFardware,'85 Noting, for exampl=, that military aircraft
require far morc malintenance time than do cemmercial
aircraft, she quotes the designers of the successful Boeing
T27: "the more ah alrliner resembles a bomber, the loss
successful It will be."86 In hls nighly influential work,
NMational Defense, James Fallows argues that as the result of
such technical over-sophistication, the creation of what
Faldor ha=s termed a "barogue arsenal,"™ the U.5. arxmed forces
arg stuck with a stock of military hardware too complex to
usc an the battlefield and too eXxpensive o maintalin an the
Fattleficld or off. As for the commercial implicaticns of
all of this, Fallows has provided arn apocryphal anccdote in
the words of a retired 2irxr Foroe colonsl:

During the time when Curtis LeMay was the Air Foros
chief, theore was a big movement to develep the air
Force flashlight. Flashlights never wark, so they
decided to develop their owa...Well, pecple started
thinking abcout all the extra things it should do.
Scmehedy said, wouldn't it be great if it werc a signal
flaghlight, sc you could use it to send messages in
coade. And :f it had a red light along with the white,
50 you could read maps at night and protect vour night
vision. And there weore the usual military =z=pecs about
performing after two weeks on the Nortn Pole, or in the
Sahara. Finally, it became the Tri-Conmand Flashlight:
the Strategic Air Command, the Tactical Air Command,
and the Air Defense Command all added their
regquircments.  Ey that time, tho thing was so huge you
couldn't fit it in your flight sulit...

B4&. Michael Borcetsky, "Trends in J.8. Technology: &
Political Ecopomist's View,"™ Amorican Scieatist, January
1875, ¢ited in Melman, EBrofits Without Production, op.
cit., page 173.
Bh, gquoted in Msscly, op. cit., page 22, from Mary Kaldeor,
"The Rsle of Military Technology in Endustrial Devoiopment,™
Eeport to the Z2roup of Govermment Experts on the
Felatispskip bBotween Disarmament and Development (Now York,
1%34)] manuscript.

EE. guoted in Ronaid Miller and David Sawers, The Technical
Development of Modern Aviation {(London: REoutledge, Kegan,
and Paul, 1963}, cited in Kalcdor, The Barogue Arsenal, page
CER
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General LeMay came out ont time, saw one of them all
wrapped up, and asked what it was...So they peeled the
airtight wrapping off one of them, got out a now
bartery--and it Just wouldn't work...Finally they got
the third gne to work, but Tthat was the =nd of the zir
Foroce flashlight. Mest pilot= usc the $1.50 Japanese
plug-in model now, 87

Dircct Subsidies for R&D. Defense-rclated research and
deveiopment gxpenditures remgin the federal goveornment's
prima-vy mechanism for Lnfluencing the direction af
technoleogical deveicpment in the United States. Before
shoocting up to around V0 poroetit in 1985 Pentagan EED
accounted for an average of about 50 percent of all fodeoral
BE&D after the cnd of the Vietnam War, down £from an average
af abeout 60 porcent between 1960 and 1973, Epace research,
at least 20 percent of which i defense-related, accounted
far aboyt 17 percent of all federa® BED beotweon 19690 and
1972 and 14.3 percoent after 1972, In addition, the military
bhas coptinued to emoley about 39 percent of the ration's
scicntists and enginccrs.BR Most federal RAD funding is
provided directly to contrasting firms during the iifc of a
partizular project, but the government alasoc helps to support
large national research ¢enters which would ke =op expensive
for commercial firms ta agperate on their own., In additiecn,
the Pentagon typically funds all general overhead asseociazed
Wwith private RED undeortaken by companies under contract for
specific military projects.

Applicd E&D. The hyper-sophistilication of military
tochnology flow=, as Kaldoar noted, from a tendency toward
product speeificity in defeonse-sponscrcd roscarch and
development. In fact, the U.5. Departmont of Cormerse onoo
estimated that, while it took an average of 10 map-yeams of
industrial E&D to produce a commercializable patent, it
Wwolld take 1,000 man-years to progduce an identical patent
bascd on either in-house or contract RAD for NASAZ or the
U.5. Department of Dofense.29 Indeed, according to EKaldor,
a Peantagon study clalmed, as early as 1960, that "vory few
patents arese from govermment-funcdogd RAD, and very Eow of
these wore used commerciaily. Likewlse, Texas Instrumenits
reportod Chat between 1924% and 1959, only 5 of 112 patents
awardad to tne company wers developod under goverpment
contrast, although the government funded two-fifths of RED

87. Fallews, op, 2lt., pages 50-=-51,
28. Figures cited in Mosely, op. ¢it., rage 30.
89. Melman, Frofits Without Producticon, Op. cit., page 173.
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spending.  Further, only 2 of the 5 patents were used
commercially. 90

As Robert Zale wrote pearly 25 years ago in the Harwvard
Business Eewviow: E—

a8 eohsiderabic part of space and military ReD efforis
are devoted (1) to the preparation of research
proposals and other presentaticns; (23 o the design,
angineering, and testiag of oroteotype weapors, space
irstruments, and space wehicles: (3) to the delicate
modificaticns of instruments, mechanisms, ard materials
ir the unigue variation required for unigque tasks; ang
(4] to the plannirg, =cheduling, and integ=ation of
compoenent development into a complex space afnd weapons
swstem. None of these are likely to have any geoneral
wvalue or to be of gonoeivable —elevancs to the advancs
of the civilian technoleooy. 91

Little has changed in the ilotecrvoning quarter-century.
In 1383, when the Department of Defense was te spend aver
$32 killion on research, dewveleopment, evaluation, and
testing, only $861 million, ¢r about 2 percent of the total,
was to Do Spent for kasic research that might ke expected to
further commercial as well &5 mititary techhnalogies.  Only
£5.9 billion [(less than 20 percent of the total) was slated
to ke spent for "tochnology ba2sc" and "advanced technoloegy
development," the budget categeries which cowver spending for
gezneric development in areas with the greatest potential fer
preducing commercial spineffs: clectronics, computer
scicneg, dther information scicnogs, advanced materials,
environmental rescarch, research on lasers ang particle
bBeamsz. The bulk of defense-sponsoarced RED is deovobted to
gtrateglic programs--space dofense systeoems, the R missile,
cecond-genoration cruise missiles--and tactical programs—-
undersea survelillance systems, the C-X transporct aircratfs, a
larger gun for the Army's M-1 tank,92

Cver-3peclalized Perscphel. Besides its increasingly
applied naturec, military technology i= also bhocoming more
specialized in terms of its institutisnal concentraticzcn
within a reiatively few large defense fizms and government

0. Kaldor, The Barogue Arscnal, op. =zit., pago 91.

91. Robert Sclo, "Gearing Military R&D to Econemic Growth,™
Harvard Busihess Reowvigw, Hovehlber-Decomboer 1962, Bage hd.
Cited inp Meosely, ¢op. cit., page 80.

92. "1386& R&D Budget: Prosperity for defense, pain for
national labe," Thysics Today, April 1385, pages 35-65.




rescarch labs.%3 This sort of instituticonal isolation from
copmerzlial trends--and the demands of civiliarn consumers—-
contrlikbutes to a widely-noted owver-specialization of skills
amang mllitary R&D personnel, & fact which weould terd o
diminish the chances for successful commercial diffusicn--
threugh an exchange of peorsonnel--cof innovations doveloped
unéer military ausplces. Combined with the higher salaries
typicai of defense worg, salaries which accustom dofensze
workers to higher standards of living, owver-speocialized
5kills make it difficult for military RE&D porsonne’l to
transfer their talents to market-cricnted ressarch.
Civilian managers are likely to ke suspicicous, in any case,
af "those whose kbackgrounds have been cast in defense as
lacking ¢ost consciousness'," fearing "that cnginsers who
have spent years designing for rellabllity-before-cost and
managers who are athuaned to efficiency within <he
conpartmentalized convironment of the olassifie=d facility
canhiot readily recrient thomselves for the cptimizaticr of
profits.” Ir sum, "The skills of the cx-defense worker,
though highly developed, tay not be cspecially attractive or
relegvant te a progpective cemployer.' 94

What iz more, the increasingly military nature of large
cambus research prejects influcnces the training of the next
generation of military and civilian research personnel,
graduate students for whom ressarch assistanceships provided
roughly 60 peoroent of all federally-fundeod financsial ald
during the late 70's5.25 In fact, the classroom training of
science and engineering s=tudents may be seriously affected
a8 uniwversirties re-structure their currilcula to &4in aCcCess
to military research funds and teo reflect tho military-
criented naturc ¢f the nat:on's nilghest payving research
jobs. A5 Lloyd Dmmas has found:

Sinece military R&D tonds to e far less cost-sensitive
than civilian market-oriented R&D, courses 1in the cost
implications of dezign and on the economic evaluation
of technological profects will he de-emphasized. as an
illustration, at the School of Engineering and a2pplied
Science of Columrbia Uniwvergity, there iz such a course
entitled "Engineering Economy." In the 1940's, it was
a required course for all engineering undergraduates.
By the 1970's, not anly had it becn removed from the
list of requiremcnts, but students were ofteon
discouraged from taking it by many faculty woo
considercd it "unserious, 96

93. Gansier, op. cit., pages lo7-8.

94. Warren F. Davieg, "The Pentagon and the Scicentist, ™ in
Tirmar, ed., gp. cilt., page 160,

9%. Llowvd Dumas, in Tirman, op. <it., page 13Z.

Of. ihid.
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It is rot surprising, in this context, that the United
States' greatest high tech labor shortage, relative to tac
Japane=sg, 12 not thouwght generally to be a guantizatiwve
shortage at all, Lhut rather a gualitative shortage, a
shortage of talenwod RED perseonncl skilled in "mupndans,
grubby engincering--the designing ¢f a product s that it
will mest given specifications, cost less to produce, usc a
cinimur of critical materizls in short supply, be reliable
in performance and roequire reasonable waintenance in the
hands gf a customer."97 Indeed, to the gxtont =nat therce
arc U.5. engineers wno cnter the b market witk skillis
oriesnted to commercial needs, there is some danger that they
will net have been educated in the nation's best-cquipped
schopls: in 1580, for examplc, 56 percent of the Pontagon's
support for institutions of higher learning went to just 1C
rlite yniversities .98

niffusian. Pontagon-sponsored BRAD has pravided many of
the nation's best electrical engineers with knowladge,
training, and experience they have used later in solving
technical probklems for the commercial sector. Furthermore,
"faotlopge" scientists and cpngineers weancd on the
development of military hardware have served as cohduits for
the commercial diffusion of their own techneological
innevations by legaving defense cantractors to start their
owh companies. Thus was integrated circuit development
spurred by research inte missile guidance systeoms. Charge-
coupled dewvices and surface geoustic=-wave technolodgy, as
wall as a range of signal proceEsing techniques with broad
comnercial applications, evolved from military reguirements
for sarellite-tracking radar. FPentageon researcn led ta ths
development of such commercially-successful computer
applications as time-sharing, networking, and graghics;
military comminications neceds spawned compact, mebile
terminal=, and pioneered the develcopment aof civilian
gateilite communications. Pentagoa-supported R&D a2ls50
pravided a forum for the development of concepts and
components crucial to further pragress in racdiao and radar
astronomy, microwave spectroscepy, and a wide range of

instrumerntation used irc meteorolagy, geology, and health
cars.

97. EBimon Ramo, America’'s Technology Slip (Wew York: Jonn
Wiley and Sons, 1%20). Ramo i=s one of the foundeors of TREW.
9%, Calcnlated by Llowe Dumas from data in Natzonal Sclence
Foundation, Survey of Science Eesources Scries, Federal
Suppart to Universities, Colleges, and Selected Non-Frofit
Institutions, Fiscal ¥ear 1980 (Washingten, D.C.: U.S.
Government FPrinting DF¥flce, 1982) Table Bo1l6, pages 41-42.
From Dumas, i1n Tirman, ed., ap. 2it., page 132,
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Likowisge, research scientists and enginecers have helped
to diffuse defense-sponsored innoevations throughout the
aircraft induastry, though in this case the pattern scoms to
be one of diffusion withic multiproduct corporations that
have cstablished civilian-oriented division=s responsible for
adapting military technologies to commocroial products.  Ewven
before the Secend World War, tecanologqy transfers from the
military t@ the civilian aircraft saector included such
significant innovatiens as radlal air-cocled cngines,
retractable landing gcar, two—wday radic communicatisans, the
turbe supercharger, ard high-octane fueis. Since the war,
spineffs have included the turbojet engine, sweopt-back
wings, adhesive bonding, titanium ailloys, and potrh heavy-
pross and numerically-controlled macshine tools. 99
Develorment of the B-47 ard 23-52 bombers 1od directly ta the
wopular Baeing 797; the Douglas DC=-8 gircraft eveived from
the A-3iD, 2-4D, and B-66 military aircraft. Boeing's 747 is
based on design werk deone for the company's unsuccessful bid
2 build the C-3 cxarge plane.l00 According to a govermment
study released in 1872, 70 perocnt of the technological
advances made 1n zviatien sinece 1925 nhad thelr origins In
military-sponsaored reseaxrch. 101

It shouwld Be cmphasicred, as woell, that the military
market itself enakled V.5, aircraft manvfacturers to gain
enormoils aconocmies of scale in production operaticns that
couid be vscd for building both military ang =iwvillan
aircraft. By providing noit only suostantial direct
subsidiss for RED, hut also long »roducticon runs and stable
prafits, the Pentagon enhanced the industry's cxisting
compotitive advantages--including a large comestic market--
kv irsisting through state-of=the-art performance
gpecifications in irs procuremcnt contracts that airgraft
marafacturcrs rettain at the technological forefront.

Bestrictions on Diffusion. Even when new technologies
developed by military rescarch personnel happen to exhibit a
strong potential for commercial applicaticon, the spectre of
cxport and publication controls can stop commercial spincffs
dead in the water. The Pentagon is currently incrcoasing,
from 13 to 20 peorcent, that part of its research and
development budget whose veory ohlest iz a scorer--Defense
officials will not publicly discleose what thev are funding.
The Sccretary of Defense can already forbid publication of
roughly one-fifth of the un-classificd rescarch performed by
Pontagon cohtractors.l0?2 In ahe famous case, 1n 1982,
government officials summarily withdrew noarivy 130

9. MagaZiner and Relch, op. ¢it., pages 231-32.

190. ibid. page 222 and Gordon, Mdaztional Journal, oOD. <1t
1983,

idl. ibid.

10Z2. Eokert B. Roich, Hew ¥York Times, May 29, 1935, oo,
cit., page 27..
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unclassifisd ssicntific papers from prescntation at an
internaticnal acadcomic conferencoc whose participants
included scicntists from the Soviet bioc. 143

The Pentagon has also inslsted on the right to review
academic work before it is published, arnd It routinely
includes pre-publicatien review clauses in its research
contracts. But such restricticns on the free exchange of
sciontific information carzy within them the potential for
sovers damadge o the naticn's arility o generate and
commercialize technoleogical innevation. Even Bdward Teller,
inventor of the hydrogen bombk ang certalinly no enemy of the
Pentagon, has written that:

Secience tharives on openness--researchers sheould, and
often must, snare thelr findings...Rapid progress
cannot be roconciled with central control and secrocy.
The Limitations we impose on ourselves by restricting
informaticn are far greater than any advantadc others
could gain by copying our ideas...Adopting a policy of
openness. . would strongthen our relationshnips with our
allies a3 well as illustrste the advantages of freoedom
tea pur Soviet collicagues.Z04d

In terms of s=troengthening our relatiopnships with our
allies, we zheould keep in mind, alse, that a proliferation
of export-contrels on dual-use technologies might tear the
intricate webh of trading arrangements which currently help
U.5. manufacturing firms to gain access to world markets.
According to Borrus and Zysman, the possible consequences of
over-zealous U.S. oxport controls include reinforcod
Furcpean and Japanese effortzs ta develsp indigencus
technologlcal capablliities, shutting american firms out.
Moreaver, they may encourage foreign fi-ms to look *o e=ach
nther as technalagy sources rather than to U.S. firms. They
may 1cad foreign manufacturers, when it is practicable, to

103i. RBaoss Gelbspan, "wWeern Scilentists 2ot Aid from the
T.5.," The Bos:ton Gleoke, Jammary 23, 1984, page 1. Cited in
Dumag, in Tirman, ed., op. £it., page 166. This incident
pocurred during the Auvgust 1982 conference of the Society of
Phote~optical Instrumnentation Engineers, whose acronym,
unfertunately, i= SPIE, in Sah Diege, Califarnia.

104, Eodward Teller, "Secrecy: The Road to Howhere,™
Technology Zeview (October 2981), cited by Dumas, 1o Tirman,
ed., op. clt., pages 127-28. Sce also Stephen d. Unger,
"National Security and the Free Flow of TochnicaZl
Informatiorn,™ Committes on Scientific Frecdom and
Rosponsibility, American Assoclation for the Advancement of
Seience [(ARAS), Scptember 1981.
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design U.5. caomponents and eguipment out of fature systems,
lest they bacome too dependent opn "unreliakle™ American
supplicrs. Not only could these actions frecze the United
States oyt aof expanding markets in the shoct run:; they ccould
also undermins lohg-run comercial compobtitiveness by
denving Amerjican firms the merchand:zing cxperience they
need to tailer their wares suocegssfully to the needs of
foreign consumers.105

Summary. To revicw, a <central task of the
internaricnally competitive high tech firm is to develop a
*lexible organizaticnal structure which allows it to
identifvy shifting customer needs and to adjust 1ts range of
products and producticn tochnigiues guickiy in responsc to
those changes. To opsure that theore will ke internal
respurces avallakble for continued innowation, eoffective
product development processes designed o meet waried and
changing customer neceds must then fit inte a ccherent market
strategy aimed at estaklishing a sustainable market position
in international competiticon. We have identificd twe
generic strateglies--the tecnnology leader and the technology
follower--arguling that, although mast firms will tend to
pursus one strategy more than the other, @most will pursue
same combination of hoth.

Hevertheless, to paraphrase Zyvsman again, the firm's
strategy and thus its structure and the organization of its
day=to-day routine refleocts not only the dictates of
industrial efficlency and profit maximization, but also the
Eirm's institutional and political se=tting. When therc is a
major change in that setting, a5 when a commercially-
criented firm becomes relatively more dependent on the
Pentagsn for resourees wital to its continued existencs,
choices made by the firm in response to the changoed natu-e
of its ingtitutional relationships and the shifting patterns
cf the tasks 1t must perform o suzvwive Can proveks changes
in roeutine organicational behavicr. These choices and those
changes will be determincd, to a large axtent, by the
structurec of the dominant institution, in this case, the
Fontagon, because the £irm must reorganize itgsels in a way
which fariljitates access to routes of influcnce oh decision-
making in the dominhant crganization.

In an overtly proteocticonist envirooment, practices
which might otherwisc be eXpected fo promote
competitivencss-—state-agf-the-art procurement, direct
subsidies for E&D, diffusicon through personnel, volums
»roducticn, price premiums, “buy American” provisions--can
shade gcasily, almoast imperceptably, into threats to the
comperitive rerformance of contracting firms--technical

205, Borrus and Zysman, Datamation, op. cit., pages 1B/-91.
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over-sophistication, applied R&D, over-specialized
personnel , restrictions on diffusion in the name of national
security, pork-barrel procurement, sole-sourcing, cosTt-plus
contracts, damaging inswlation from competitive pressures to
innovate.

Thus, the increased impeortancc of Fentagon contracts to
the financial health of America's high tech industrics
threatens to uwndermine, from within, the V.S, competitive
positicon in 2 range of market-dominated high tech sectors.
Ir iz to this current threoas that we turn last, as wo apply
cur set of gulding guestions 0 twe masor millitary research
initiatives in microelectronics and advanced computing.
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I¥. The Steory in Progress: (Current Frograms

WHEIL. Although some have dosoribed the VHSIC program
ag an effort by the American government to subsidize U.S.
semiconductor producers in response to conspicucusly
successful Japanese efforts along the same lines, the
program is bast viewed mot as a4 self-conscious attemit by
the Pentagon to once again lead the market, but as an
atbempt by the military to cateh up to commercial technolooy
and to harness any further technological advances to its own
purposoes,. 106

As noted earlier, the volume nroduction that enabled
integrated circuits Lo compete 1n the commercial marketplace
with discrete compohents emerged, initialiv, out of the
Pentagon's development of the Minubtoman ICBM in the mid-
1960'=s. As a result, perhaps ircniczally, defonse
contractolrs were no longer the semiconducter industry's

rimary customers by the early 70's. Indeed, as
tochnelogical advances moaved dofense contractors bfoward
increasingLiy complex and oxpensive-to-dogign chips, custom-
tailored to military spocifications, military and commercial
needs diverged even further. A now microprocessol could
rcguire more than a yvear of deslign work, at a cost exceesding
one million dollars. Commerclal semicanductor producers
understandably preferred to focus thelir finapncial and design
resEourges o cammodilty chips mere likely o command
lucrative large markets, such as those used in perscnal
computers and video games., 107

Defense confractors zontinued to provide an important
market for domestic semiconductor manufacturers, as many
advanced weapons systems could exploit the nuwnber-crunching
capabilities of micro-circuits develeped for commeorcial
uzes.108 Nevertheless, by the late 1970's, Pontagsn
purchases accounted for less than 190 percent of U.5.
zcmicondustor saltes, in marked contrast to the military's 20

106. this section draws heavily on the study by Leslie
Brueckner, with Michagl Borrus, "Assessing the Commercial
Impact of the VHSIC (Very High Speed Integrated Cirouit)
Frogram™ BRIE Working Paper #5, Berkeley Roundrabie on the
Internat:onal Economy {BRIE), Univerzity of California,
Berkeley, November 1984.

107, see Borrus, Millstein, and Zysman, op. cit., for a
Fuiler d:iscuzsion of the evolution af the marker for
semiconductors.

198, see Ken Jalian, "Defense Program Pushes Misrochip
Frontiers," High Technology, Mavy 1%83, pages 49-37,
epecially pages 52=-5%3, "The road that led o VHSIOC.M
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perocent sharc twe decades earlier, 109 At the same time,
Pentagon stratogists wers seeking to counter the newly-
perceived quantitarive supericrigy of the Scviet Union'sg
nuclear arsenal with the development of quaiitatiwvely
Siperier "smart" weapons lncorporating state-of-the-ars
micro-circuitry. Defenstc contyactors became ilocrecasingly
frustrated over their inabhility to convinee commercial
semiconductor produccrs to develop custom chips for defense
anplications. '"We worc foreed to use decade-old
microclectrohiz technoliogy,'" complaines one Pentagson
official, "while Atari gamgs were using the latest."110

Doefense contractors respondod o this dilemma,
initially, =% developing thoelr cwn semiconductor design andg
fabricaticon fagilities in-house, a response that made the
VHEIC program feasible whernr it began in 1980. In designing
the program, Pentagen strategists malntained thelr
traditicnal prefcrence for awarding contracts to established
defense system suppliers accustomed to the bureaucratic and
technoalogical escoterica of military systems dewelopment.
Recogrizing, howewveor, that commercial technology was out In
froent, and aossirous.of ehdgendering a sSubstantial commercial
response to the program, Pentagon officials designed VHSIC
to cncourage the teaming af fraditienal defense prime
contractors with merchant semiconducstor firms.

Though VHEIC inciagges a concurrent Phase ITT focused on
generic rosearch into processing and design technoelogies and
oohducted by universities as well as private corporatians,
tne overall comphasis of VHSIC's Phases I and II Is on
product development and the rapid insertion of new
tecnnology into military systemgz. The program thus diz-ects
resourccs to the dewvelopment of advanced chips custamized
for specific defense applicaticns. Ty combining chip design
and system doslqn at the outset, the program's designers
have found a way to sSusrain a constant forys onn the military
systemz application of state-of-the-art VHSIL comnponcnts
while cutting the lac titne (typicazly 10-1%5 years) beotweoen
commercial chip develospment and miiitary application.

At firgt glance, VHEIC seems idoally suvited to generate
commerciailly-significant technological breakthroughs.Z1:
Indecd, many firmg have participated in the nrogram
procisely otcause they expoct that VHEIL will push the pace
of rechnelogical development faster than the private sector
alone would be able fo afford. Anticipated advances in the
areaz of VHSIC design ahd processing would be applicable, if
diffused, to the dosign and faprication of both custeom and
commadity VLS [very-largco-scale-integraticn) comboncnts.

By encouraging the develapment of a range of processing

10%. ipid., page 52.
110, gquoted in ilkid., page b2,
111. see Brueckner, op. <lb., pages 20-43,



techkniques for VLEI circuitry, the VESIC effort could scrve
as= a testing ground for a processing technology condicive to
the density and complexity of VLEI chips.

The program's omphnasis on new lithographic and
computer-aided design [CaD) techniques seems simitarly
suited to the strategic needs of V.8, producers, since it
will kave the effect of "shifting seme of the design burden
frocm the device manufactarer to the user, [thus allowing]
cemiconductor companies to recuce the amouwnt of engincering
tilke they must commit to new product development. 1l In
additisnr, the close interaction boetwesn defonse systems
suppliers and scemiconductor firms in the design of VHSIC
components wiill provide irnvaluable expericnoe which coulid
lead o the development of rew manufacturing strategies for
custom and semi-custom components. sSuch stratcgies are
cssentlal for Lringing the cost of low-volume, custom=-chip
production deown to a commercially=+viable lovel.

A cloger look at VHSIC reveals, nowever, that the
program iz likely to serve military neoeds at the cxpense of
commerc1al development, 113 FTor cxample, in order to fulfill
military reguirements, five of the =ix Fhase I itcams
doveioped custam, rather than standard, pregrammable chips
which coyuld have been adapted to a wvariety of military and
commercial systems and which would have been more suited o
low cost, mass productizsn.ll4E Significantiy, only Texas
Instrumcnts, which combined 1ts own systems and
scmicondustsr divisions to form a single VHSIC team, pursuesd
rhe standard, programmamic opticn. TI 15 the only team
leadoyr whose primary bu=iness 1S semiconductors. T wWas naot
among those teams awarded one of thxroe Phase J1 cohtracts 1in
Octoper 1284, for reasons that reomain unclear, since the
Pontagen did not puklicly disclose irs criteria for
selection.ils

ks for those teams which togk the custom design route,
military requirements agaih skewed technological cholices
away from paths most relevant Lo commercial needs.  Far
eXample, WHSIC contractors hawve met the Pentagon's goals of
minimizing turnarcund time between teochnology dovelopment
and insertion intoe final systems oy choosing design tools
which do not maximize utilization of the chip's surfaceo.
For profit-seeking commercial firms, howeover, cost is

112. "Semiconductor Iadasbry Supports Deferse Plan,”
Aviatien Week and Space Techhology, February 16, 1981.
Quoted in Brueckner, op. git., page 29%.

113. BEBrueckncor, ¢p. cit., pages 44-82.

114. The =ix teams were: Hohneywsll, Hughes Aireraft | teamed
wlth Sigmetics), IBM, Texas Instrumentsz, TEW Svstems (with
Motorala), and Westinghouse {with National Semicohductar).
115, The Phase IT "winners" arc IBM, TRW, and Honevwell.
gec Julian, High Technology, op. cit., page o3.




dircetly related to Circult-density per chip: the VHSIC
program deflectod these firmz from secking high density
designe that would pay off over ieong productior runs.llé

Efficient usc of the chip's "real estate” may e lesg
jmpaortant for custom applications, where the number of
oustom designs avaliable fzom a firm may ke the crucial
comperitive wariable. But, in that casc, VH3SIC can have
positive commercial effects only if computer-aided design
toals developed by the military are characterized by open
architectures that can be guickly and flexibkly adapted to
miwvilian uses. ©Cuick turhnaround teochnology is certainly
important, but even dramatic improvements in military
turnaround times (gay from seven down to two vears) arse
nowhaere necar the speads reguired by custom chip producers in
the commercial marketplacc.

Evaen with VHSIL, incidentally, saome industry lnsiders
claim that the rate of technology insertlan inte military
s¥ystaems has not increased by much.13i? Some roports ladicato
that meorchant semiconducotsor producors have tricd Lo reduce
the delay betwoen the design of compercial and military
chips by manufacturing their commercial chips te military
standards, but the view most widcly shared throughoutr the
industry is that the Pentagon's omphasis oo testing and re-
testing is5 needlezsly costly and technically obsolete.
Military speczificaticns emphasize the scrocening out of had
chips after they are huilt, whereas the indusztry today has
adopted the Japanese-inspired practice of building gquality
aszurance into the produetion process, that is,
manufacturing fewer bhad chips to begin with., The military
guality assurance system has begun to crumblic deospite
Pentagon regiirements, because U.S5. commercial firms have
had to face a strong compeobitor with a fundameotally
different manufacturing ohilosophy,118

Nevertheless, the proccss of getting a chip approved
for military use still takes s5¢ lphg end rogquires so much
burcaucratic red tape that the chips z=lated feor use in a
wCapons system are often chsolete by the time the system
makes it Erom design to production., Military sorgening
often takes moze than a year and is responsible, by some
accounts, for owvor kalf the cost of a typical military-
gualified chaip. The long lag time encourages defonse system
supplicrs to resert to source control drawings [SCD's), a
long list of speciflications for manufacture and testing
whichn enable contractors to avoid the hassls and expense of
getting commercial or deal-use dewvices approved for military
use. Ironically, thisz has led to a situation in which a

116. seg Brueckner, cp. oit., pages 47-48.

117. scec Andrew C. Revkin, "A wWar Over Military Chips,"
Sgzicnoe Digest, July 1985, pages S6-79.

118. ibkicg., pagos S6.




spaecification system designed to standardize the Industry
has in fact oncouraged the preliferation of opsily nen-
standard chips.119 The explcosicon of SC0D's impedes quality
control offorts as chip producers are overwhelmed with
"thousanpds of separate gpecificatisnz of devices that arc in
many cases identical...[The system] produces exXiremcly
expensive products that at best are only egqual to their
camerclial, a9ff-the-shelf counterparts and iIn somc CASCS are
worse ., "] 24

In addition to impesing technological and testing
regquirements with adverse implications for commercial
competitiveness, the Defense Department has joined the
Commercs Department in attempis to prevent VHSIC techanslogy
from reaching the Soviet bioe. Restrictions have bDeen
placed on gdiscussion in open (non-classified) technical
symposia oF either the architectures or performance
characteristics of contractors' chips; manvfacturers may ot
dtispuss details of the software used 1n either tholr CAD or
fabricatlion processcs. Curreht Pentagon restrictlons are so
stringent, in fact, that VWHSIC contractors are forkldden
aven to publish clase-up, front-foward photographs of their
chips. One story has it that, when the General Accounting
Office insisted on such pnotos for ar unclagsificd yeport on
the program, VHSIC qfficials were dirccted to send, instead,
an aerial shotograph of a parking leot, reduced ‘n sige until
the cars rescmpled a cluster of micro-cirenitry. 121

In the wmeantime, the fear that export and publicatizn
restricticns might spill over onto their commercial
operations has leod VHEIC caontractors to isolate their
military programs from thelr internally-funded commercial
R&D. For eoxample, Brueckner intervicwed +the managoer of the
commeroial LSI divigsion of a large VHSIC prime cohtractor
wha "indicated that he keeps copicus files' detalling the
complete abyss between VHAEIC and VLET rescarch" cven though
the firm's commercial signal Processing components wore
"extremely similar' to VHEIC circuits. Tho manager
indicated that the company was pursuing parallel rosearch
efrorts in order not to subiect commercial reszearch and
products to DOD publicaticon and export controls.122
Industry officials continue -o argue, novortheless, that
VHEIC techneology will £iInd 2tS way irevitably into
commercial =orlconductor prodqucts: "I we arc using improved
tabrication technidques in one part of our manufacturing
farilities to produce VHSIC devices, and thegse technigquos
are soregly needed in our commerclal dewvice facllity to moet
Japancse Competition, thon the VESIC toechnology will

115. ibid.
120. ikid.

12i. Julian, High Technologvy, 9p. ¢lt., page 57,
122. Brueckner, ap. clt., page 73.
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governments, particularlsy the Japanese, to promobc tho
production of commercial VHSIC components withic the came
time frame as the U.5,. militery orogram.

Pornaps 4 good part of the prokblem here is that, as
with tne development af numerically-controlled mazhine tools
in the early 50'=, the Penkvagoh 1s dealing now with a mature
industry whose production apparatus is already targocted
toward its own well-defined sct of commercial priorities.

In that case, we must look also at a newer techoology, one
closer to the goneric stage of development that
characterized semiconductsr components when the Defense
Devartment £irst became invelved with them in the late
1250's,. We turn, then, to 4 brief dizscussicon of the
Pentagon's current Interest in the development of
supercompliters and artificial intelligence.

The Strategic Computing Initiative. It is too early,
of course to assess the competitive impact of the Fentagon's
Strategic Compubing Initiative (5CI), particularly on the
growing, but still fairly limited commercial markets for
supercomputers and artificial intelligence zoftware. There
are indicatlons, however, that SCI's designers at the
Defense Advanced Research Projects Agengoy (DARPA) have
adoptaed one of VHSIC's more troublesomc feoatures, from a
commercial standpolnt--a developmental strategy that
involves embedding generic technologies directly into
mititary systems.

If any Defense ageney must »lay a major role 1
pramating the long-term commorieial interests of zdvanced
comauting in the U,5., then DAREA is the perfoot one to play
it. with a budget in fiscal vear 1985 of approximately 37214
millier and a staff of 159, DARPA could hardiy be mors
different from the rest of the defense research
es-ablishment. Tts directorg have been among the world's
top scientists, its staff and bureaucracy are relativeiv
small and uncharacteristically flexible, its research focus
i3 not an the design of particular weapens systems, but on
the pursult of revolutionary, long-term advances.124

Through its Information FProcessing Techniques Office
§IPTZ), fur sxample, DARP2Z has playved a pivotal role in
Lioneering the computer-related technoleogical adwvances which
underly such commercially-successful applicatisns as
timesharing, networking, and graphics. Indeed, S£I's
defenders often styess DARPA's historic role in shaping U.S.
leadership ir the computer field, neting especially the
agency's carly emphasis on interactive computing for ocemmand

124, szee James Botkin and Dan Dimancescu, "Thoe DARPA
Exception,” in Tirman, eod., gp. cit., pages 222-25; and
Cwight B, Davis, "Asscssing the Strategic Computihg
Initiatiwe,™ Eigh Technology, april 1985, pages 41-49.




and cantral--which led to the development of timesharing=--
and its subseduent interest in computer notworking, which
led to the development of ARPANET, the nationwide packet-
switched computer network that has served as an important
research toel for computer scientists while at the same time
cxpanding the herizons of date commmubiications tochhoiogy.l25

What worrics many computer scientists ahout the
Strategic Computing Initiative 1s that the heavily applied
nature of the pragram seems to Iepresent a sharp departurc
from DARPA's proven meodel for sucocess. Sirilar to the moedal
devised carlicr for the Pentagon's VHSIC effcrt, DARFA Las
docidod to pursde generic research and military product
development simultanecusly: that isg, DARPA intends to
demenstrate the utility aof the generic technalcgics it
devalops by dezlgning them at the cutset into three
prototype military systems--an autenomeus land wehicle for
rhe Army, 2 pllet's asscclate for the Alir Force, and a
hartle mahagemsnt system for the Navy. Each of thesc
prototypes has cone basic characteristic in common: each is
prcijected to work by processing "rRnowiedge, ™ by "thinking"
for it=elf, instcad.of merely pProcessing raw numerlco data.
Thus each svstem will depend neavily on the further
development of artificial intclligonee (AT) software, expert
systems, machine vision, speech recognition, naturel
language processing, and the develepment of parallel
processing computer architectudres.rie

Many supercomputer propoienbts are concerned about the
program’'s heavy emphasis on artificial intelligence, a
connequence of the military's ambltlous prototype goals.
Indecd, DARPA's interest in developing superspeed computcrs
seems to be primariiy a hy-product of its intercst in AT
S5CT's conmputer architecture program resembles VHSIC'S
praogram for the development of supcrspooed chips, in that it
funds several sismultanecus projects in the same arca.  The
sysrem sSpurs creative competitlon between rescarch Jroups
andé provides some insurance adainst the possible failure of
in2ividual approaches: it allows DARPA to play tht raole of
venture caoitalist, picking winhbers and lascrs Srom among
the best in the ficld.127 The concorn, again, is with the
competcitian's pre-set focus on developing technologics
designed to work 1n particular miiltary systoms.
Nevertheless, some in the computer Zileld are quite sanguine

125. Davis, Eigh Techhology, 2p. Cit.

126, see Willie Schatz and Jonn W. Verity, "Weighing
DARPA's AI Plans," Datamaticn, August 2, 1984, pagos 34-43;
and Schatz and Verity, "DaRPa's Blg Push in AI," LDatamstian,
Fohruary 1254, pages 48=30.

i27. Davis, High Tecknology, op.- Cif., page 43; and Ewight
3, Davis, "Super Computers: A Strategic Imperativer” High
Technology, Mey 1984, pages 44-52. Hercafter referred to as
"ouper Camputers.”




about the prospects for substantial overlap between advancos
in AT and superspecd computing. "There are somc people wao
are jealous of the large amount of money DARPA is spending
on artificlial Intelligence supercomputing 2o the exclusion
of scientific supercomputing,” =ays Burton J. &mith, vice
president 1n charge of R&D at Denelecor, one of the threo
U.5. supecrcomputer manufacturers. sut, he adds, "I think
the artifictal intelligence work will prove wory boneficiat
tao superspeed conmputing and vico worsa."128

Eogardless of their position on the relevance of AL
research to supercomputing, many computer scientists assert
that the country's intcrests wokld be bhetter served if more
somputer resecarch were funded through non-military sources.
They claim that military reguirements aim the trajectory af
technological development away from research directions most
likely to be relevant to the noeds of commercial users.
"Most AL people bulid a system acguiring knowledge scaled to
a spocific tople," notes David Waltze, professsr of
glocrtrical and computer engineering at thoe Unfveorzity of
Itlinois. "To get funded they zlmost have to choocse
something of military relevance."129 In fact, the
redirecticon of pescarch {and, hence, technological
development) can be gquite subtle. In the words of J.C.ER.
Licklider, a former DARPA administrater now teaching
computer science at MIT, “There arce wany cheice points cne
passes 1n traveling through research, and if there='sz just a
little shading and kiasing of ocne to the right or to tho
left, you wind up in a prettv different place after wvou go
through (000 mere choice points.'130  Adds 2abbe Mowshowitz,
of the Renssalacr Polvtechnic Institute, "Feople tend to

l28. quoted in Davis, "Super Computers,” op. cit., page 47.
The other T.S5. supercomputer manufacturers are Cray an@ ETA
systoms, 4 spinoff of Control Data Corporation. See also,
U.5. Congress, Office of Yechuology Assessment, Information
Technology E&D: Critical Trends and Issues {Washlngton,
D.C.: U.5. Government Erinting Office, Tebruary 19830 paces
34-8%Z; and Richard Corrigan, "The Latest Target of the
Japancse--11,%. Preeminence in Supercomputers" Wational
Journal, Aprii 2, 1983, pages &BE-92: and Mancy R. ¥iller,
"Supcrocomputers" CRS Review, March 219#%4 (Congressional
Research Service} pages 17-19; and "Supercomputing: Number-
crunching for research" Physics Today, May 1985, pages 51-
33; and "Advanced Computing: Tho Commercial Impact of
Japanese Programs on J.5. Competitiveness," briefing
materials for a BRIE seminar on advanceod computing, Berkeley
Foundtable 1n the International Ecoromy {ERIEY, University
of California, Berkeley, Junc 27, 1984,

129, cuoted in Datamaticn, op. £it., August 1, 12B4, page
4z,

130. gqueoted i1ia Davis, High Technoleoegy, april 19585, op.
cit., page d6
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police themgelves when competing for funds. They mako
choices on the range of problems they'll tackle."131

This sort of self-pelicing by rosearchers could have an
important lohd~-term cffect on the training and proclivities
of Aamerica's =mall AT community. In the three sub-ficlds of
artificial intelljgcnoe likely to produce the most
applizaticons in koth military and cormersial envircnments-—-
expert systems, machine visich, ahd natural language
processing--there are approximately 60 faculty at the
nation's top universitics, turning out roughly 30 Fh.D.
graduates each wvear, of whom apbout half take jebs 1n private
industry.132 Since SCI is expected to guadruple the foderal
funding previously available for RED in artificial
intelligence and rolated hardware, more and more faculity
researchers and graduate research assistants will be
focusing thelr efforts toward military applicaticns. ther
applied research, such as work on computer-assisted
cducation and "intelligent likrary" systems--may fall by the
wayside,.133 This iz irenic, given the view so widely held
in the U.5. computer industry that 5CI will help Amcricans
reach the Fifth Generation before Japan has left the Fourth.
For Japan's efforts in artificial intelligence apd
superopmpUbing are focused explicitly on the enhancement of
nusiness and consumer proguctilvity and on the improvemsnt of
soolal services, a far cry from the emphases of the
Strategic Camputing Initiative.134

Checrvers of the Pentagon's growing role in funding
basic and applied research into advanced computing worry,
alsa, that commercially-viable spinoffs will be subject to
classification and thug restricted to military use.

lthough DARPA cfficials adwit that some appiied research
may he slas=sified, they cantend that the 2ulk of SCI's
generic rosearch will not he. The program is ser Up so that
mast of the generic research will bBe dopne in universitics:
advanced cotmpueter architectures will be develsoped Jointly by
universities ang private firms, and applied product
develapment will mostly take place in private industry. It
wolld seem, however, that DARPA's strategy of proving the
viability of new generic technclogies by embedding thom in
classified military syvstoms oould subjoct the technoleogics,
themselyes, to early elassification. Ewven the progran’s
most optimistic supporters recognize the danger to
commercial spinoffs of an overemphasis oo security. "The

131. guoted in Datamation, august 1, 1%84, op. cit., page
4z,

132, U.3. Congress, CEfice of Technology Assessment,
Information Technology E&L..., op. cit., page 96.

133, ikid. Funds will guadruplc fron approximately 30
million to about %120 milZion, averaging the projected (00
million pudgct over its five-year lifetime.

134, Patamation, avgust 1, 1984, oo, cii, page 42.




sciree of rozcarch won't e a problem,™ says Charles Zraket,
whose non-profit MITRE Corperation does research for the air
Forco, "... A1l the results of a2 geoneric nature wiil be
completely uscful in the ciwvilian economy...Tho only
drawback iz 1f DOD puts this under such scrutiny that it
deezn't allow results to be published. If tight security is
clamped on this it won't attract tne Lhest people. 1358 Adds
REepubllcan Congressman Ed Zschau, who respreogents the
Silicon valley, "we may find that the technology gots
Bottled up 1nside the military estaklishmenz. My concern is
that spocific technoalogical breakthroughs--ather than what's
in peaoplie's heads--may be classified becausc they'ro
aonsidered to have military significance and therefore may
bhe difficult to get out iate the private sector."ldb

Onoe again, it is difficult to tell, while a program is
in progress, whether its ultimate cffects will he positive
or negative on developments in the commercial scotor. Like
VHSIC, however, the Strategic Computing Initiative exhibits
zome gualitics that arc uncamfortably close to replicating
the patterns that prevalled during the development of
numerical controls by the J.5. Alr Force. In this case, the
Fontagon 1s dealing with a set of new technoleogies whose
military and commercial poteontial is still only vaguelw
defined; the Pentagon is therefare interested in advancing
the technological state-of-the-art, but it has attompted to
vioke such advances to the regquircments of specific military
FVstcems--an a2utoaomous land wohicle, a pilot's associate,
and a naval Dattle managemont system. Indeed, tnt Pochntagon
is cngaged in creating both a market and a =et of suppliers;
it is contracting with koth eostablished universities and
iancwvative, small firmg; bus the iadundatien of military
funding is skewing the trajectory of technelogical
doevelopment away from paths which might lecad ro lucrative
commoreial apelications--paths being followed, with great
determination, ov foreigr competitors. 50I iz budgeted at
abour 4690 million for itz fFirst five vyears: the Japangso
are spending approximacely $500 million on the ten-vear
Fifth Zcperation Fraject, plas anctiner %200 million on a
separate five-ycar Superspeed Computer Froject. Aside from
the problems of adapting over-specialized products and
persanncl to Ccivilian ugses, therc iz alse a2 more explicit
threat Lo the commercial diffusion of teshnological
inmovations in the form of strict expor:t and publizaticn
contrels.  1lhn sum, there are some early indigatichs of the
development of a military-deopendent industry structure,
izolated from the needs of potential commercisl users. With
s much milifary suppert flowing to the develospment of
defense applicaticns, the danger cxXists that preomising
commerclial applicaticons may die akborning Srom a lack of

233. aqucted in ibid., pago 42.
136. guoted in Datamaticn, February 1984, op. cit., page
S0,




egquivalent nurturing by the government or the private
sector.
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V. Conclusions and Conccins

Ecmote controls for television scots, sclar-powWeread
caloulators, graphite tennis racskets--cach of these consumer
products is the direct result of aerospace technology
developed for the militery. Yet, all these products nave at
lecast one other impertant feature 1n commen: the acrospase
companice that develaoped them originallv are not the
companies that profit trom =elling them togay. Indeed, the
List 1s :ong of cefense contractors that have failed to
kleng defense ang commercial technologies succossfully;
Fockwell Internaticnal and its admiral T.v. sebts, Grumman's
flexihle urban buses, Ronr's subwayv cars, Boering Vertol's
trolley cars, MeDonnell Douglas' Jet-powered Sire fighting
platform. 137 Ganeral Mctors' racent acguisition ©f Hughes
sircralt has generatod widespread skepticism amsny fipancial
analvsts ang acrospace eXecutives whio have soen similar
technalagy transfer strategies fail in the past. Although
GM may evenrually succeed with Hughes--develcoping, in the
process, a computerized dashboard map syscem for highway
navigation or a radar-based override system that can takc
contrel of the wehicle in road emergencics--the complets
Blending of such divarszse corporate cultures 15 likely to
take decades. Besides, the relevant test is net merciy
whether Hughes can contribute its technologies to GM'g
automotive products, but rather whether it can & 8o at an
atfordable price. 138

Indeed, as we Rave SCCn, Tnough military techrnclogies
can indecd be adapred to cammercisl nses, suocessin]
Spineffs arc vare; most often they nave occurred i
sophisticared acrospace and electranics applicaticons. In the
first case, diffusion has been hastened Dy a2 basic
similarity between thoe accds of military and commorcial
users; in the second, the route of diffusion was a product
af histeorica: happenstancce: ATET was afraid of prematurc
classification as well as stoppod-up anti-trust litigaticon,
so i1t corcateg a svstem through whiclh technological

L3¥. szee Balpn Vartabedian, "Can Hughes Advance GM Car
Building?" Los Angcles Times, June 23, 1985, FPart V, page 1.
For an interesting discussion of Boelihng Vertol's attempt to
orovide trolley cars for Bostan's subway SysStom, =see Melman,
Profits Without Producticon, op. cit., pages 223-59.
secording to Melman, "the story of Boeing-vertal's light-
rail vehicle program in Boston 1= alsc the story of the
Morgantown, Wost Virginia people mover: the BART svstom of
San Francisco: the Washington D2, subway; and the Grumman
venture io city kuses." ibid., page 259.

138. Los Angeles Times, Junce 23, 1985, op. cit.




innovaticns could he gquickiy licensed {(henco diffused) from
Ecll Labs to gommercia- mandfacturers. with deregulation,
that route of diffusion is now effectively closed; as faor
acrospace, the military nature of much now acrocspace design
bas cohtributed to the fajilure of U.5. airecreft
manufactizrers to develep an airplane suited to the fast-
growing coiuter airline market., "In a pattarn remMiniscent
of the U.5. zuto industry in the 1960's," writes Eobert
Sedrasse, "American manufacturers, including Beech, Ccesna,
ard Pipox, have failed to invest in +he Tochnology Necossary
to devaelop an atroraft that can eompete cffectively in that
market. {onsequently, America's comumuter airlines are
rurning to Canadiap, French, and Brazilian firms two £i11
tneir neoeds."133

In short, the aspects of military invoivement which may
gervae to promote the development and oommercial diffusicn ef
products or preduction techniques based on new techhplogics-
-gtate=of-the-art procurement, direct subsidics for ReD,
diffusion through personnel, volume production, prilce
premiums, "buy American" provisions--cannct themselves
substiTute for a eciviliar industrial policy, oespecially in
the face of determined, government-suppoerted cffozts by
foreign competitors to advancs the commercial state-of-the-
art over the same time Spkan as the U.5. military program.
Indeed, =wven under the best circumstances, when outsido
factars ease the proccsscs of commercial diffusicn and
adaptation of military-sponsored lnnevations, the Dositive
aspects of military orogramg can casily turk intc commercial
impediments, as commercial producer=--saddled with technical
ovar-sopnistication, applied R&D, oveor-specialized
personnel, rostricticons on Eiffusion in the name of national
gecurlty, fork-karrel procurement, scle-sourclng, cast-plus
contracting, and damaging protectionism--find cthemsslves
less and less akle to compcbe 1In civilian markcets and thus
mare dependent on the Pentagon for resources vital to their
continued existonce.

The crcakbicrn of militaryv-industrial firms, of a
mzlitary-—dependent and uncompetitive industry structure, 1s
aided by military programs that foous on the develsopment of
specific military product applicaticons instead of promoting
the goneral technological statc—of-the=art; thar draw the
attention of commercial producers away from the dovelopment
aof technological applications copnsistent with the commorcial
ttarket roquirements of the involved industry toward
ezcteric, over-scophisticated military applicaticns; shat
rely on sole-gource contracts and cost-plus, weapoils-
specific production zechnclegles instead of promoting
campetitive product: development and efficicnt, generallzab:ie
production techaologies: that promote small-katch, "one-aof-
a=kind" custom producticn instead of mass productilion or

13%. DeGrasse, in Tirman, ed., ap. git., pagse 83,



flexible specialization aimed at creating economies af scale
and scope; that disrupt established technologlcas
rra‘ectaries and investment patterns 1n mature industrics or
that skew the technolegical development trajectory of brand-
new industries by pointing them in a single, defense-
oricnted directiaon; that routinely reward cstaklished
suppiiers over small, innovative start-ups; that restrict
the giffusion of military-sponsored advances through
technological cver-speciailzation or direct export ang
publication gontrols; and that do a’ll or mest of these
things 1n the face of parallel, commerczally-orientod RLD
projocts sponsored by forelan competitors aod aimed
explicitly at adwvancing the commercial stato-ocf-the-art aver
the same timg span as the military program.

We do not wish to argue, 9f course, that the military
should never he involved in the development of advanced
tochnologias, pnor that ameriza’s commcrcial intercsts should
in all cases bhe preforred to valid considerations of
naticnal security. A case can be made, nowever, that o tho
extenkt that the Defense Department's technologlical
development policies are undermining U.3. competltlvene=s in
high tech sectors, those policics are leading alsa to the
gradual arosicn of Ameorica's technological cdge, &
develaopment which could ultimately leave the United states
dependont on other nations for the continued technological
supecriority of its weapohs systems. It would bhe ironic ino
the extreme if the Pentagon’s regponsc to the impression
that U.5. military technology has lagged behind U.S.
commersial btechnalogy in recent decades--an increoased
ilnoterest in Inveolving commercial firms in 2cos research and
dovelopment efforts--cnded up, instead, undermining the very
organizaticsnal habirs which enabled america's nigh tech
gootnors to be so imnevative in the first place.

The link hetween the Pentager's tecanological
development policies and the ratisa's reguirements for
competitive irndustrial dovolopment must be made cicdr.  The
trade-ocffs bDetween them must ke made =xplicit. Far in the
abscnce of an explicitly commerxcial and, hence,
counterbatancing industrial pelicy, military regquirements
canl distort both the framework and the substance of mmerican
technological development, altering thom in a way that
leaves U.9. firms ili-suited for successful competition in
world marsets.
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