
News and Comment - 
Supercompeting Over Supercomputers 

Prospect of a contest with Japan for preeminence sparks 
serious discussion of the government role 

Last summer, Fujitsu, a major Japa- 
nese electronics and computer manufac- 
turer, announced that it would market a 
computer six to eight times more power- 
ful than the fastest American machines 
now available. This appeared to herald 
the end of a monopoly in high-perform- 
ance computing held by the United 
States since the beginning of the comput- 
er era. 

The Japanese challenge in supercom- 
puters is powered by two ambitious na- 
tional programs (Science, 17 December 
1982, p. 1 189), the National Super Speed 
Computer Project to develop a machine 
a thousand times faster than current su- 
percomputers and the Fifth Generation 
Computer Project, an effort to develop 
computers that will embody artificial in- 
telligence (AI) functions. Concern in the 
United States about the economic and 
national security implications of Japa- 
nese plans has prompted initiatives by 
both U.S. government and industry, but 
critics here question whether the re- 
sponse is adequate and some are calling 
for a U.S. national program in which the 
federal government would take a more 
aggressive role. 

The United States currently leads both 
in the production of supercomputers- 
the Cray-l and Cyber 205 machines have 
dominated the field-and in the develop- 
ment of hardware and software for future 
supercomputers. A catalyst for Ameri- 
can concern about Japanese intentions, 
however, was a 1981 international con- 
ference convened by the Japanese in 
Tokyo to discuss and refine their plans 
for the fifth generation project. Western 
computer experts concluded that the 
Japanese were making a declaration that 
they would no longer be content with 
taking Western technology and improv- 
ing on it, but were determined to seize 
the lead in innovative research and de- 
velopment. 

The American response to the Japa- 
nese challenge has so far adhered to the 
pluralistic, decentralized style character- 
istic of American science. Particularly 
since the Japanese launched their two 
national programs, however, attention to 
the subject of supercomputers has 
picked up sharply here. 

One U.S. reaction was expressed re- 
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cently in a government-sponsored re- 
port* by a panel of computer experts, 
most of them from national laboratories 
and universities. The panel, headed by 
Peter D. Lax of New York University, 
looked at problems of access to super- 
computers facing researchers in this 
country and at prospects for develop- 
ment of future supercomputers. A con- 
clusion that attracted considerable no- 
tice was that "This panel believes that 
under current conditions there is little 

strong influence on high-performance 
computing since the end of World War I1 
when it backed development of the 
ENIAC computer to compute ballistic 
trajectories. The federal role has been to 
serve as a principal customer for state- 
of-the-art, high-performance computers 
and as a patron for relevant basic re- 
search, mainly in national laboratories 
and universities. 

That pattern continues. But within 
government, a debate is currently in pro- 

Cray Research vice 
president Steve Chen 
(left) and executive 
vice president Les 
Davis with a first ver- 
sion of company's 
soon-to-be marketed 
X-MP series super 
computer. 

likelihood that the U.S. will lead in the 
development and application of this new 
generation of machines." 

The Lax panel called for a "national 
program," but avoided specifying de- 
tails. The panel did not suggest that the 
United States emulate the Japanese, but 
rather urged that the U.S. government 
do such things as improve access to 
scientific computing, boost manpower 
training in scientific and engineering 
computing, and support "research and 
development basic to the design and 
implementation of new supercomputer 
systems. . . ." 

The federal government has exerted 

'Report on Large Scale Computing in Science and 
Engineering (National Science Foundation. Wash- 
ington, D.C., 1982). 

gress over how the United States should 
respond to the challenge and what the 
federal role should be. Main parties to 
the discussion are the agencies most 
deeply involved with big computers. 
These are the Defense Advanced Re- 
search Projects Agency (DARPA), 
which manages the Defense Depart- 
ment's basic and applied research pro- 
grams, the National Science Foundation 
(NSF), the National Aeronautics and 
Space Administration (NASA), and the 
Department of Energy (DOE). 

DARPA has been a consistent and 
generous supporter of research in micro- 
electronics and computers. It took the 
lead in funding A1 research and contrib- 
uted significantly to development of the 
three principal university centers in AI- 
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Carnegie-Mellon, Massachusetts Insti- 
tute of Technology, and Stanford. 

Recently, DARPA seized the initiative 
by announcing its own supercomputer 
program. The agency director, Robert S .  
Cooper, told a House Appropriations 
panel on 16 March that DARPA planned 
to spend an additional $50 million in 
fiscal year (FY) 1984 and $95 million in 
FY 1985 "to develop the new generation 
of supercomputers and to explore this 
domain with a goal of achieving [en- 
hanced] capabilities in our defense sys- 
tems of the 1990's." Defense Department 
sources say more details of the super- 
computer program will be furnished in a 
forthcoming DARPA position paper. 

According to N S F  estimates, a total of 
about $200 million is being requested in 

the FY 1984 budget for computer re- 
search in all federal agencies. DARPA 
would account for about half of total 
government expenditures in the field 
next year, with its new $50 million super- 
computer program accounting for the 
bulk of the increase beyond the $137 
million-plus being spent for all computer 
research this year. 

NSF has a continuing interest in large- 
scale computing because of its impor- 
tance to  scientific and engineering re- 
search and has been a longtime federal 
patron of R & D in computer science 
and engineering. Precise figures on N S F  
support relevant to supercomputers are 
difficult to obtain because such projects 
are scattered through the budget, but a 
report to the National Science Board 

(NSB) recently put projected agency 
spending on computer research in FY 
1984 at  $51.5 million, up $8.5 million 
over this year. The NSB is scheduled to 
discuss possible expansion of computer 
related R & D at  its May meeting. 

DOE leads federal agencies as a pro- 
prietor of supercomputers. With an in- 
terest in large-scale computing prompted 
by its responsibilities for nuclear power 
and weapons research, DOE owns about 
half the more than 25 Cray and Cyber 
205 supercomputers the government has 
bought. DOE operates a magnetic fusion 
energy computing network open to agen- 
cy contractors and grantees. DOE also 
runs a relatively modest research pro- 
gram focused on parallel processing ar- 
chitecture. Funding of about $4 million is 
in next year's budget, double what was 
spent in 1980. 

NASA also has a vested interest in 
large-scale computing. Because of its 
responsibility for aircraft design, a main 
concern is to  be a world leader in compu- 
tational fluid dynamics. This is translat, 
ed into having the best supercomputers. 
The agency's aim now is to acquire what 
it calls a numerical aeronautical simula- 
tor,  actually a network of computers 
based on supercomputers. NASA think- 
ing now is that it will have congressional 
and Office of Management and Budget 
approval to  spend an initial $20 million 
next year when the promised Cray-2 
machine becomes available. NASA ulti- 
mately plans to spend a total of about 
$100 million on the network. 

NASA's attitude, according to Jack 
Kerrebrock, the agency's associate di- 
rector for aeronautics and space technol- 
ogy, is to "be a friendly customer for the 
best technology the companies can deliv- 
er." Kerrebrock says there is a good 
reason for this outlook. "Intellectual re- 
sources are very precious. Only a few 
people can conceive and design these 
machines. We don't want to  use unique 
resources to respond to government 
specification," but would rather encour- 
age companies "to develop a product 
line." 

There is no single government view. 
The prevailing attitude at  DOE, for ex- 
ample, differs from that at NASA. DOE 
has followed a practice, started by its 
forerunner agency. the Atomic Energy 
Commission, of encouraging supercom- 
puter development by issuing specifica- 
tions for advanced machines to meet 
agency requirements, then buying initial 
models of the resulting machines and, in 
many cases, developing the software for 
the new machines. DOE'S director for 
energy research, Alvin W. Trivelpiece, 
sees the need for federal agencies to 
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continue to play such a role if only 
because the market for supercomputers 
is small and uncertain, which discour- 
ages U.S. companies from assuming the 
costs and risks of supercomputer devel- 
opment. Trivelpiece says his personal 
view is that it is axiomatic that the Unit- 
ed States should not relinquish the lead- 
ership in supercomputers without a stiff 
fight. H e  sees a possible government 
role, for example, in guaranteeing gov- 
ernment purchases of supercomputers to  
"create enough of a market to make it 
worthwhile for the companies." 

Some observers note that the Japanese 
have bought only two American super- 
computers, but expect that domestic de- 
mand for the big machines will suddenly 
spurt when Japanese supercomputers 
become available. 

The main forum for the discussion of 
federal policy on supercomputers is a 
committee of the Interagency Federal 
Coordinating Council for Science and 
Technology (FCCST), which was 
formed last year. The committee is over- 
seen by the White House Office of Sci- 
ence and Technology Policy. Charged 
with looking at the general problem of 
supercomputers, the committee at its 
second meeting in early April formed 
work.ing groups to consider ways to ex- 
pand the user community for supercom- 
puters and to assess research in the field 
government-wide, The committee's de- 
liberations are at an early stage, but the 
record of FCCST (pronounced fixit) is 
one of modest success in coordinating 
federal activities, not of producing dp- 
namic policy initiatives. A strohg influ- 
ence on the current federal outlook is 
thought to be the Administration's philo- 
sophic preference for limiting the gov- 
ernment role in the economic sphere and 
relying on the working of the market. 
Also a factor is skepticism about the 
capacity of the U.S. bureaucracy to or- 
chestrate a government-industry part- 
nership in comparison to Japan's mighty 
MITl (Ministry of International Trade 
and Industry). 

U .S .  industrv has made its own collec- 
tive response to the Japanese challenge. 
The inajor direct reaction has been for- 
mation of the Microelectronic and Com- 
puter Technology Research Corporation 
(MCC), which is characterized as a re- 
search cooperative. MCC has 16 corpo- 
rate sponsors and plans a central s t a f  of 
250 scientists and engineers. MCC's 
work is not aimed exclusively at super- 
computer development, but many of its 
projects, such as  those on artificial intel- 
ligence, parallel processing architec- 
tures, and intelligent systems. are direct- 
ly relevant. MCC's budget is expected to 

rise to $50 to $80 million a year. Its 
director is former CIA and National Se- 
curity Agency official Admiral Bobby R. 
Inman, who is being counted on to steer 
the organization through the shoals of 
the antitrust laws which have restricted 
industry-wide planning and cooperation. 
Industry has also set up a Semiconductor 
Research Cooperative (Science, 6 Au- 
gust 1982, p.  511) which is expected to 
have a budget of as much as  $35 million a 
year by 1985 and should also contribute 
to semiconductor technology. 

At this point, American investment in 
R & D relevant to supercomputer devel- 
opment appears to exceed Japan's, par- 
ticularly if the big research programs of 
IBM and other major computer manufac- 
turers are taken into account. Rut a deep 
impression has been made here by the 
capacity of Japanese government and 
industry to work in concert to achieve 
ambitious goals through planning, mobi- 
lization of resources, and coordination of 
effort. Japan's ability to overtake the 
United States and surpass it in targeted 
areas of technology was demonstrated 
most recently with semiconductors. 

The most serious obstacles confront- 
ing the United States in conipeting head 

to head with the Japanese on supercom- 
puters appear to be those identified dur- 
ing the Carter Administration inquest on 
declining U.S.  innovation and productiv- 
ity in U.S. industry. The workings of 
U.S. antitrust legislation and of patent, 
tax, and trade policies are seen as handi- 
caps in the contest with Japan. Current 
American management and financial 
practices are also blamed for sapping 
U.S. competitive vigor. And adversarial 
attitudes in most relations involving gov- 
ernment, business, and labor are com- 
pared unfavorably with the cooperative 
attitudes said to be dominant in Japan. 

The Japanese, however, hardly face a 
clear track to preeminence in supercom- 
puters. Cray Research and Control Data 
Corporation, which makes the Cyber 
205, are not retiring from the field. A 
spokesman for Cray, for example, says 
that the performance announced for the 
Fujitsu and Hitachi machines exceed 
that of the Cray-I,  but are "not up to the 
performance" of the Cray-X-MP avail- 
able later this year. H e  said the X-MP 
will be two to five times more powerful 
than the Cray-1 and that the Cray-2 due 
in 2 years will be two or three times more 
powerful than the X-MP. As for the 



future, Japanese progress "got our atten- 
tion," he said, but "Cray Research is 
dedicated to one proposition: to continue 
to provide the fastest, most powerful 
machines in the world." 

For  the Japanese also, formidable 
problems in computer architecture and 
component technology remain to be con- 
quered and they have yet to shatter the 
stereotype that they are talented copy- 
cats. There are also some doubts that 
ingrained Japanese caution in manage- 
ment and reliance on consensus in deci- 
sion-making is well suited to innovation. 
And Japanese universities at the moment 
are regarded as incapable of turnlng out 

the cadre of computer scientists and en- 
gineers required to fulfill Japanese aspi- 
rations. 

Nevertheless, is it possible that the 
United States and Europe could contin- 
ue to excel in innovative work and the 
Japanese continue to read the journals 
and visit the Western labs and use their 
superb development and production tal- 
ents to build a dominant role in super- 
computers? 

One federal scientist in the thick of a 
supercomputer project concedes, "It's a 
real concern. We worry about it an awful 
lot. It's the kind of technology transfer 
we'd like not to have." H e  said it is clear 

that a "better interchange between re- 
search and industry" is needed in the 
United States. "But if we were to do 
something that would tend to discourage 
the free exchange between researchers 
we would destroy the very synergy we 
sought to create. We have a great tech- 
nological society but we Americans have 
got to emphasize not tripping over our 
own feet." 

The dilemma over supercomputer de- 
velopment is not unique. Rather, it puts 
in acute terms the question of the U.S. 
rivalry with Japan in high technology and 
of what the U.S.  government should or  
shouldn't do about it.-JOHN WALSH 
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Japanese Borrow Plan from U. S. 
Japan's plans for its fifth generation computer systems Edward Feigenbaum of Stanford University says his 

are audacious and daring. But, with little experience in the visit to Japan resulted in the Japanese plans to emphasize 
areas they wish to pursue, how did the Japanese formulate knowledge engineering or expert systems. Feigenbaum 
them? With the help of American computer scientists, spent 12 weeks in Japan in 1979 during which time he gave 
apparently. Researchers from Massachusetts Institute of lectures at major universities and industrial laboratories. 
Technology (MIT) in particular but also from Stanford and "In all these places I gave lectures on applied artificial 
Carnegie-Mellon University seem to have had an overrid- intelligence at  Stanford. This is work on expert systems. 
ing influence on the plans. The result was to make an extremely convincing case to the 

Michael Dertouzos, head of the Laboratory for Comput- Japanese that this was a hot area to invest skill and 
er Science at MIT says he "panicked" when he first saw energy," Feigenbaum recalls. 
the Japanese plans, feeling it was somehow not right for the As a result, Kazuhiro Fuchi, who was then head of the 
Japanese to copy MIT ideas so blatantly. Now, he says, he information science department at  Japan's Electrotechni- 
has changed his mind. "More power to them," he says. H e  cal Laboratory and who is now director of the Institute for 
only wishes American industry would listen to the universi- New Generation Computer Technology (ICO'T), the cen- 
ty scientists so attentively. tral laboratory for Japan's fifth generation project, con- 

What the Japanese did was to invite eminent American vinced the Ministry of International Trade and Industry 
computer scientists to  visit and lecture in their country and (MITI) that it should include expert systems in its long- 
describe what they thought would be important projects to range plans. "The credibility was supplied by my lec- 
pursue. Among the MIT researchers invited to visit Japan tures," Feigenbaum says. "Some Japanese referred to  me 
were Jack Dennis and Gerald Sussman. Dennis suggested as the Father of Knowledge Engineering in Japan." 
that the Japanese build data flow machines, an MIT inven- Feigenbaum explains that using his statements to lend 
tion. The data flow machines proposed by the Japanese prestige to a project is firmly in the Japanese cultural 
are, says Dertouzos, "unmistakable" in their MIT origins. tradition. "The Japanese have a saying, 'The nail that 

Sussman gave the Japanese his ideas on artificial intelli- sticks its head up is the one that gets hit.' If they can say, 
gence. H e  was invited to visit Japan for 3 days in Novem- 'Feigenbaum had success with this idea,' it's my nail that's 
ber 1979. Although he did not know the purpose of his visit sticking up." 
before he arrived, it turned out that he was to speak before In Feigenbaum's new book, The Fifth Feneration: Artiji- 
Japanese scientists planning the fifth generation project. cia1 Intelligence and Japan's Computer Challenge to the 
"For 8 or 9 hours a day I was flaming forth," he recalls. World, written with Pamela McCorduck, he tells of asking 
"All their distinguished scientists were there. They'd clear- Fuchi whether Japan could really build expert systems with 
ly read everything I had ever written and had Japanese so little experience. He quotes Fuchi as replying, "Meta- 
translations of my papers in front of them. They were very phorically speaking, if your countries are like adults, then 
smart, very well prepared, and they kept their mouths Japan may be likened to a baby, but in my own mind Japan 
shut." is actually closer to boyhood. It may seem funny for me to 

Sussman's ideas were incorporated almost verbatim in talk about how a boy should behave, but boys must learn 
the Japanese proposal. Even one of his slides and the from adults and listen to them and respect their opinions." 
diagrams he drew on the blackboard appeared. Sussman Asked how he feels about Japan's adoption of his ideas, 
recalls that he looked at the Japanese report on their long- Feigenbaum says, "I have mixed feelings. I feel very good 
range plans with surprise, seeing his proposals and saying about my ideas being used but I also worry about the health 
to himself "Gee, that looks like a Sussmanism." In fact, he of our own information processing industry. I would much 
says, the original Japanese report "is so close to an MIT prefer ideas to  go from Stanford to American industry." 
research proposal that it's frightening." -GINA KOLATA 
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