relaxation processes but also to follow,
with high time resolution, the course of
more complex photochemical reactions
from the initial excitation through the
intermediate states or transient species
to radical formation and identification
and, if need be, to recombination or
generation of new chemical species. In
addition, the methods used promise to
provide insight into the mechanisms of
radical and ionic polymerization and,
through the ability to identify transient
states and their decay channels and life-
times, to lead toward the generation of
chemical species with novel properties.
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Japanese Supercomputer

Technology

B. L. Buzbee, R. H. Ewald, W. J. Worlton

In February 1982, computer scientists
from the Los Alamos National Labora-
tory and Lawrence Livermore National
Laboratory (/) visited several Japanese
computer manufacturers (2). The pur-
pose of these visits was to assess the
state of the art of Japanese supercom-
puter technology and to advise Japanese
computer vendors of the needs of the
U.S. Department of Energy (DOE) for
more powerful supercomputers.

The Japanese foresee a domestic need
for large-scale computing capabilities for
nuclear fusion, image analysis for the
Earth Resources Satellite, meteorologi-
cal forecast, electrical power system
analysis (power flow, stability, optimiza-
tion), structural and thermal analysis of
satellites, and very large scale integrated
circuit design and simulation. To meet
this need, Japan has launched an ambi-
tious program to advance supercomputer
technology.

Japanese National Projects

In discussions with H. Kashiwagi of
the Electro-Technical Laboratory (a
government-funded organization, some-
thing like a U.S. national laboratory) we
learned that the Japanese are using the
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concept of national projects to advance
the development of supercomputers.
Eight national projects in different areas
have already been completed (3), and
nine were still in progress at the end of
1981 (see Table 1). National projects
relevant to computers include the Na-
tional Superspeed Computer Project, the
Fifth-Generation Computer Project, and
the Functional Device Project. The crite-
ria used by the Japanese for selecting
national projects for research and devel-
opment are as follows.

® The technology is urgently required
for upgrading national industrial stan-
dards, promoting efficient utilization of
natural resources, and preventing indus-
trial pollution.

® The technology is expected to make
a great impact on the progress of mining
and manufacturing industries.

® The technology cannot be undertak-
en by private firms because of high risk,
huge investment requirements, long-
term programming, or absence of profit
motives.

® The technology has clearly specified
targets and well-examined attainment
prospects.

® The project will be carried out in
cooperation with universities and indus-
try.
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In this article we focus most of our
discussion on the National Superspeed
Computer Project. We also comment on
the Fifth-Generation Computer Project,
and describe some of the implications of
these projects for the United States.

National Superspeed Computer Project

The six major Japanese computer ven-
dors (Fujitsu, Hitachi, Nippon Electric
Company, Mitsubishi, Oki, and To-
shiba), in cooperation with the Electro-
Technical Laboratory, have joined in the
National Superspeed Computer Project
to develop a computer more powerful
than any now available. The joint effort
is organized as the Scientific Computer
Research Association.

Funding and duration. The super-
speed computer project is funded by the
Ministry of International Technology
and Industry (MITI), with additional
support from each of the six vendors.
MITI funding for fiscal year 1982 will be
800 million yen (about $3.8 million). Fif-
teen percent of the funding for this proj-
ect will go to the Electro-Technical Lab-
oratory, and the other 85 percent will go
to the other participants. Since the sala-
ries of the researchers at the Electro-
Technical Laboratory are already paid
by the government, the funding for the
superspeed computer project is larger
than it may appear. Also, this funding
may provide up to twice as much man-
power in Japan as in the United States
because salaries are lower there. Total
funding for this project is expected to be
about $200 million.

The National Superspeed Computer

R. H. Ewald is division leader and B. L. Buzbee
and W. J. Worlton are assistant division leaders of
the Computing Division, Los Alamos National Lab-
oratory, Los Alamos, New Mexico 87545.
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Table 1. Ongoing national research and development projects in Japan. [From H. Kashiwagi]

Project name

Olefin production with heavy oil being used
as a raw material

Jet engines for aircraft (second phase)

Resource recovery technology (second phase)

Flexible manufacturing system.

Optical measurement and control system

Monocarbon (C,) chemical technology

Manganese nodule exploitation system

High-speed computer system for scientific
and technological uses

Subsea oil production system

Project was started in January 1982 and
is scheduled for completion by 1989,
After completion, any Japanese firm that
is a member of the project will be able to
build supercomputers using the device
technology, architecture, and software
developed in the project.

Specifications for the computer. The
specifications for the National Super-
speed Computer include the following.

1) An execution rate of about 10 bil-
lion floating-point operations per second
(BFLOPS).

Total
Period expenses
(fiscal year) (millions
of yen)
1975-1981 ~ 13,800
1976-1981 ~ 13,800
1976-1982 ~ 11,000
1977-1983 ~ 13,000
1979-1986 ~ 18,000
1980-1986 ~ 15,000
1981-1987
1981-1988
15,000

1978-1984 ~

Components. The first 3 years of the
National Superspeed Computer Project
are scheduled to produce the device
technology for high-speed logic and
memory; about 90 percent of the funding
in this period will be used for this pur-
pose. The Japanese are evaluating Jo-
sephson junction devices and high-elec-
tron-mobility transistors (HEMT’s) as
well as gallium arsenide and high-speed
silicon devices. Goals for each are given
in Table 2.

Every participant in the National Su-

Summary. Under the auspices of the Ministry for International Trade and Industry
the Japanese have launched a National Superspeed Computer Project intended to
produce high-performance computers for scientific computation and a Fifth-Genera-
tion Computer Project intended to incorporate and exploit concepts of artificial
intelligence. If these projects are successful, which appears likely, advanced econom-
ic and military research in the United States may become dependent on access to
supercomputers of foreign manufacture.

2) One billion bytes of memory.

3) A memory bandwidth of 1.5 billion
bytes per second.

4) Distributed parallel-processing ar-
chitecture.

To meet these specifications, funda-
mental advances will have to be made in
computer components, architecture, and
software. There was general agreement
between us and the Japanese that the
maximum performance of a single pro-
cessor will be about 1 BFLOPS, at least
for the remainder of this century. Thus,
some form of parallel processing will be
necessary to achieve 10 BFLOPS (Fig.
1).

The next generation of American su-
percomputers will have a maximum exe-
cution rate of about 1 BFLOPS, approxi-
mately 0.25 billion bytes of primary
memory, up to four parallel processors,
and a memory bandwidth in excess of 1
billion bytes per second. Initial ship-
ments of such supercomputers are ex-
pected by 1984,
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perspeed Computer Project is doing re-
search in at least one of the areas of
device technology. Oki Electric is doing
research on gallium arsenide and emit-
ter-coupled logic devices. Fujitsu is
working on HEMT’s, and the goal of this
company is to decrease the minor-cycle
time of a single processor to 1 nanosec-
ond, that is, an execution rate of 1 billion
instructions per second. Nippon Electric
Company is doing rescarch on Joseph-
son junction technology and gallium ar-
senide. With gallium arsenide, Nippon
members believe they may be able to
achieve a 35-picosecond switch time at
room temperature. Mitsubishi investiga-
tors are conducting research on high-
speed silicon emitter-coupled logic de-
vices and gallium arsenide. Their target
for gallium arsenide is a 50-psec switch
time at room temperature. Hitachi is
doing research on d-c powered Joseph-
son junction devices. Toshiba is working
on gallium arsenide.

Japanese computer vendors appear to

be making a much greater effort to devel-
op gallium arsenide and HEMT technol-
ogy than the U.S. vendors. The Japanese
seem optimistic that the HEMT technol-
ogy will succeed. What makes the
HEMT attractive is that its speed is
comparable to that achieved with Jo-
sephson junctions, but it requires less
power per gate than either silicon or
gallium arsenide (see Fig. 2). The HEMT
is, in fact, aluminum-doped gallium arse-
nide. it will operate at room tempera-
ture, but reaches its maximum speed at
the temperature of liquid nitrogen
(77 K). Fujitsu has contributed signifi-
cantly to the development of HEMT
technology. By means of HEMT’s, a
supercomputer may be built that will
operate ‘‘slowly” at room temperature
to facilitate checking and debugging, and
can then be cooled for maximum per-
formance.

We gained the impression that there is
a good chance that the HEMT technolo-
gy will succeed in the next 2 to 3 years. If
this is so, it may well preempt work in
Josephson junction technology because
these two technologies have comparable
delay times. Further, by using HEMT’s
one can take advantage of much of the
traditional silicon device techno}ogy,
whereas use of the Josephson junction
requires the development of new meth-
ods of fabrication, packaging, testing,
and maintenance. Although it is not clear
that HEMT’s will replace silicon, at the
very least they will probably find a role
in high-performance circuits in super-
computers, and U.S. manufacturers
would be ill-advised to ignore this possi-
bility.

Because of the success of the Japanese
in manufacturing the 64k memory chip,
and because of their leadership in devel-
oping the 256k chip and the quality of
their research in device technology (es-
pecially HEMT technology), we believe
they have a good chance of meeting their
goals for components.

Architecture. Work on architecture is
just getting started, so most of our dis-
cussions were hypothetical. We were
informed, however, that Japanese re-
search in parallel processing will focus
on parallel algorithms, system architec-
ture, and software. The control scheme
for the processing elements has not yet
been selected, although our impression
is that the Japanese will use multi-in-
struction, multi-data stream architec-
ture. Japanese scientists are considering
the usual interconnection schemes, such
as crossbar, nearest neighbor, and shuf-
fle-exchange. It appears that more stud-
ies on data-flow architecture are being
conducted in Japan than in the United
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States, and we visited several sites
where such research projects were in
progress.

The number of processing elements to
be used has not been determined. We
suggested that a few fast processing ele-
ments would be preferable to many slow
ones. The distributed parallel processors
shown in Fig. 1 are for pre- and postpro-
cessing. The high-speed parallel proces-
sors are intended to run in batch mode;
interactions with users will be through a
front-end computer. We recommended
that an interactive system should be pro-
vided.

We were surprised at the number of
existing multiprocessor systems in Ja-
pan. Such systems include: (i) the Fu-
jitsu M382 is a two-processor system; (ii)
the Hitachi M280H can be configured as
a four-processor system; (iii) the ACOS
System 1000 of Nippon Electric Compa-
ny can be configured with four proces-
sors; (iv) Nippon Telephone and Tele-
graph researchers have an experimental
16-processor data-flow device in opera-
tion; (v) Toshiba has a 16-microproces-
sor system in operation. It has been
successfully used to solve partial differ-
ential equations. Its software includes a
parallel operating system, parallel pro-
cessing language, and a program to de-
tect parallelism; (vi) Nippon Electric
Company has an operational data-flow
processor for image processing; (vii) sev-
eral manufacturers have multipipe vec-
tor devices, both for special-purpose and
general-purpose computation.

Thus the Japanese have considerable
experience in this area and, perhaps
most important, have a large amount of
hardware with which to experiment.
Their ability in parallel architecture ap-
pears to be equal to or greater than that
in the United States.

Software. Software is always the
toughest part of any computer project.

Table 2. Research and development goals for
components.

Device

3k gates, 10-psec delay
(Josephson junction
devices, HEMT’s)

3k gates, 30-psec delay
(gallium arsenide)

16k bits, 10-nsec access

Logic

Memory

Operating-system software could be a
high-risk area for the National Super-
speed Computer Project because it will
have to provide the capability for manag-
ing parallel computation. The languages
used for programming may not be a large
problem because several participants al-
ready have vectorizing Fortran compil-
ers and it may be possible to extend
these concepts to parallel architecture.
Software studies will include language
considerations, for example, whether to
use Fortran plus extensions or a new
language and implementation techniques
(Fortran will be provided); operating
systems, for example, communication
between system elements, and job con-
trol; and development of a software sim-
ulator for parallel-software simulation
and compiler verification.

Many U.S. computer scientists are
skeptical that the Japanese will be able to
complete large software projects. We
have open minds on this question.

Related vendor activities. In addition
to the national project, each of the ven-
dors has one or more internal projects
that will affect future supercomputer ar-
chitecture, software, algorithms, and de-
vice technology. Fujitsu has developed
the FACOM-APU vector processor, a
register-to-register device that shares
memory with its host. The FACOM-
APU is considered by Fujitsu to be com-
petitive with the Cray-1 of Cray Re-
search Incorporated and with Control

Data Corporation’s Cyber 205 in some
areas. However, comparable benchmark
results are not yet available.

The Fuyjitsu M380 general-purpose
computer should be comparable to the
Cray-1 on scalar work because each of
its processors can execute an instruction
every 15 nsec. It is available in a two-
processor version called the M382. It
uses a 5.5-nsec, 4k chip in the cache; a
16-nsec, 16k chip in the storage control
unit; and a 64k chip in the main memory.
The logic chips are emitter-coupled logic
devices with 400 and 1600 gates per chip.
Switch time is 350 psec. The machine
features unique packaging and is air
cooled.

The M380 technology will also be used
in the Fujitsu Vector Processor, the suc-
cessor to the FACOM-APU. Its highest
level of performance should exceed that
of the FACOM-APU by an order of
magnitude.

Hitachi currently markets a large-scale
system called M280H with a minor-cycle
time of 15 nsec. The M280H can have up
to 32 megabytes of main memory. Emit-
ter-coupled logic chips are used  with
either 550 gates per chip (450-psec gate
delay) or 1500 gates per chip (800-psec
gate delay). A 4k bipolar chip (7-nsec
access time) is used in the buffer and
storage control. Vector processing is
available through the addition of an inte-
grated array processor. This processor is
a memory-to-memory device that per-
forms only vector operations. Hitachi
personnel indicate that its performance
is about 30 million FLLOPS. It can also be
integrated into their M180H and M200H
computers. Hitachi is planning a succes-
sor. Its performance is expected to ex-
ceed that of the integrated array proces-
sor by several hundred percent (4).

The largest computer offered by the
Nippon Electric Company is the ACOS
System 1000. It can have up to 64 mega-

Fig. 1 (left). A preliminary scheme of the Japanese ultrahigh-speed computing facility.
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bytes of main memory. Vector process-
ing is available through an integrated
array processor similar to Hitachi’s. Sys-
tems can be configured with up to four
processors. Current mode logic chips are
used with either 200 gates per chip (500-
psec delay) or 1200 gates per chip (900-
psec delay). A 64k chip is used in the
main memory.

Fifth-Generation Computer Project

The Fifth-Generation Computer Proj-
ect started in April 1982 and will run for
at least 10 years. MITI and vendors will
provide some $500 million for this proj-
ect. This project, which was described
by T. Moto-oka, Professor of Electrical
Engineering at the University of Tokyo,
represents Japan’s first attempt at some-
thing really innovative—perhaps even
revolutionary—in developing comput-
ers. Our understanding is that the Japa-
nese intend to allow participation by
foreign firms in the early phases of the
project, but the final product will be
licensed only to Japanese firms.

The Japanese recognize that highly
developed countries are becoming infor-
mation-oriented societies wherein com-
puters are an indispensible tool for the
processing and utilization of informa-
tion. The objective of the Fifth-Genera-
tion Computer Project is to produce sys-
tems that offer new capabilities in prob-
lem-solving, man-machine interfaces,
and cognitive processes. The goals of the
project are as follows.

1) To increase productivity in low-
productivity areas, for example, agricul-
ture and fishing.

2) To meet international competition
and contribute toward international
cooperation, for example, ‘‘to cultivate
information itself as a new resource’ (5).

3) To assist in saving energy and re-
sources.

4) To cope with an aging society.

To meet these goals, the project will
seek new technology that (i) makes com-
puters ecasier to use, for example, with
the use of audio input and output in
everyday language, graphics, knowledge
bases, machine learning, and machine
inference; (ii) lessens the burden of soft-
ware generation, for example, by means
of improved programming environments
and ultrahigh-level languages (easy to
use) with a high degree of verifiability;
and (ili) improves reliability and cost
performance of hardware and software.
Very large scale integrated circuits and
distributed networks will play important
roles in the realization of these capabili-
ties.
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Implications of These Projects for the
United States

The large-scale computing systems
currently offered by Japanese manufac-
turers are approaching the best avail-
able. For example, the Hitachi M200H
IAP appears to be competitive with Con-
trol Data Corporation’s Cyber 205. Its
successor is expected to provide a signif-
icant increase in performance. Fujitsu
believes that its FACOM-APU ap-
proaches the Cray-1 in performance. Its
successor is likewise expected to pro-
vide a significant increase in perform-
ance. We conclude that the National
Superspeed Computer Project will pro-
duce a supercomputer, and the chances
are good that it will achieve a significant
increase in performance over existing
computers in Japan and the United
States.

We believe that the Japancse assess-
ment of the role of information in society
is correct and thus the development of
technology to enhance that role is impor-
tant. The Fifth-Generation Computer
Project has already captured the imagi-
nation of computer scientists throughout
the world and appears likely to achieve
at least partial success. It is therefore
important to consider some of the prob-
lems these developments may pose for
the U.S. computer industry, and to as-
sess the opportunities that such super-
computers may offer to U.S. supercom-
puter users.

The nation that leads the world in
supercomputer technology—and that in-
cludes not just hardware but software
and algorithms—has the possibility of
leading the world in the application of
supercomputers. These applications can
include not only major national objec-
tives, such as defense and energy, but
also research in the fields of design and
simulation of very large scale integrated
circuits, geophysics, aerodynamics, pe-
troleum engineering, electric power dis-
tribution, oceanography, and automotive
design and manufacture. In science, the
acquisition of knowledge is the single
most important benefit obtained from
computers, because computers enable us
to treat complexity in models that is not
otherwise practical. The existence of
both the fifth-generation project and the
superspeed computer project suggest
that these issues are understood at the
highest levels of government and indus-
try in Japan.

The United States has been the world
leader in developing and marketing su-
percomputers for the past 20 vyears.
However, this has been leadership by
default, because no other country com-

peted for this rather limited market.
Even in the United States this is a high-
risk market that many vendors have
been in at one time or another. Most
have found it difficult to compete suc-
cessfully and today there are only two
supercomputer manufacturers in the
United States. In June 1982, 50 U.S.
supercomputers were in  operation
worldwide—38 in the United States, ten
in Europe, and two in Japan. Of those in
the United States, 25 were in govern-
ment laboratories. Thus, other than the
purchase of supercomputers by national
laboratories and a few private organiza-
tions, the United States has no national
support for supercomputer develop-
ment.

Should another country assume lead-
ership in supercomputing, U.S. defense
and technology may depend on access to
computers of foreign manufacture. This
presents the following risks.

1) Technology lag. If countries other
than the United States consume the first
2 years of supercomputer production,
U.S. scientists will be denied use of
these machines and U.S. technology
could eventually lag the competition by 2
years. One Japanese manufacturer, in
announcing its latest supercomputer, in-
dicated that the computer would be mar-
keted only in Japan for the next 4 years
).

2) Denial of access. In this worst case,
U.S. technology could be handicapped
until domestic sources are developed.

3) Loss of technology spinoff. Devel-
opment of supercomputers has always
contributed to development of other
computer systems. If another country
assumes leadership, we may lose these
benefits.

The private sector in the United States
is unlikely to carry out the research and
development necessary for continued
U.S. leadership in supercomputer tech-
nology. The problem is that conventional
supercomputer architecture is approach-
ing fundamental limits in speed imposed
by signal propagation and heat dissipa-
tion. In the 1960°s the speed of super-
computers increased by a factor of about
100, and in the 1970’s, by a factor of
about 10; in the 1980’s the speed may
increase by a factor of less than 10. Thus
the rate of increase in supercomputer
speed is diminishing. Continued progress
requires revolutionary developments in
computer architecture that will affect all
aspects of computer technology. Histori-
cally, the cost of developing a supercom-
puter has been about $100 million (hard-
ware and software). This cost, combined
with the relatively small market and the
availability of more attractive avenues of
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investment, keeps capital- and resource-
rich U.S. companies out of supercom-
puter development.

American universities cannot offer im-
mediate help because supercomputers
are almost nonexistent in academia, and
academicians have little access to super-
computers at other locations. For exam-
ple, an advanced supercomputer of the
early 1970’s, the CDC 7600, was not
installed on a single American campus.
Thus academic research in supercom-
puter technology, academic applications
of such technology, and the training of
people in both are not available in the
quantity needed. In contrast, several Eu-
ropean universities have American su-
percomputers and Japanese universities
are richly endowed with the latest Japa-
nese equipment.

To maintain U.S. leadership, private
and government-sponsored research is
required to identify areas for develop-
ment that are likely to yield technical and

market success, thereby lowering the
investment risk to a point where the
private sector will take over. Collabora-
tion among manufacturers, academia,
and government laboratories will be nec-
essary. The requirements for research in
such areas as very large scale integra-
tion, fifth-generation capability, and al-
gorithms may offer timely opportunities
to private research organizations, such
as the Microelectric and Computer Cor-
poration (6) and the Semiconductor Re-
search Corporation (7).
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wise in science, where revolution, like
love, means different things to different
people. Newspapermen and physicists
have perceptions of scientific revolution
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simultancity and of absolute space are
revolutionary steps.

However, all of us would agree, I
would think, that the Times statement
““Newtonian ideas overthrown,”’ being
unqualified, tends to create the incorrect
impression of a past being entirely swept
away. That is not how science pro-
gresses. The scientist knows that it is in
his enlightened self-interest to protect
the past as much as is feasible, whether
he be a Lavoisier breaking with phlogis-
ton, an Einstein breaking with the
aether, or a Max Born breaking with
classical causality.

These tensions between the progres-
sive and the conservative are never more
in evidence than during a revolutionary
period in science, by which I mean a

Summary. In the summer of 1926, a statistical element was introduced for the first
time in the fundamental laws of physics in two papers by Born. After a brief account of
Born’s earlier involvements with quantum physics, including his bringing the new
mechanics to the United States, the motivation for and contents of Born’s two papers
are discussed. The reaction of his colleagues is described.

olution in science . . . Newtonian ideas
overthrown.”” Einstein, on the other
hand, in a lecture given in 1921, depre-
cated the idea that relativity is revolu-
tionary and stressed that his theory was
the natural completion of the work of
Faraday, Maxwell, and Lorentz. I hap-
pen to share Einstein’s judgment, while
other physicists will quite reasonably
object that the abandonment of absolute
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period during which (i) it becomes clear
that some parts of past science have to
go and (ii) it is not yet clear which parts
of the older edifice are to be reintegrated
in a wider new frame. Such periods are
initiated either by experimental observa-
tions that do not fit into accepted pic-
tures or by theoretical contributions that
make successful contact with the real
world at the price of one or more as-

1193





