Thank you for coming to FGCS'92. As you
know, we have been conducting a ten-year re-
search project on fifth generation computer sys-
tems. Today is the tenth anniversary of the found-
ing of our research center, making it exactly ten
years since our project actually started.

The first objective of this international confer-
ence is to show what we have accomplished in our
research during these ten vears.

Another objective of this conference s to of-
fer an opportunity for researchers to present the
results of advanced research related to Fifth Gen-
eration Computer Systems and to exchange ideas.
A variety of innovative studies, in addition to our
own, are in progress in many parts of the world,
addressing the future of computers and informa-
tion processing technologies.

I constantly use the phrase “Parallel Infer-
ence” as the keywords to simply and precisely de-
scribe the technological goal of this project. Our
hypothesis is that paralle] inference technology
will provide the core for those new technologies in
the future-—technelogies that will be able to go be-
yond the framework of conventional computer
technologies,

During these ten years I have tried to explain
this idea whenever I have had the chance. One
obvious reason why I have repeated the same thing
$0 many times is that I wish its importance 1o be
recognized by the public. However, I have an-
other, less obvious, reason.

i Kazuhiro Fuchi
“ Director
i 1CGOT Research Center

the New Era

When this project started, an exaggerated im-
age of the project was engendered, which seems to
persist even now. For example, some people be-
lieved that we were trying, in this project, to solve
in a mere ten years some of the most difficalt prob-
lems in the field of artificial inteiligence (AD), orto
create 4 machine translation system equipped with
the same capabilities as humans,

In those days, we had o face eriticism, based
upon that false image, that it was a reckless project
trying to tackle impossible goals. Now we see
criticism, from inside and outside the couniry, that
the project has failed because it has been unable 1o
realize those grand goals.

The reason why such an image was born ap-
pears to have something to do with FGC§'81-—a
conference we held one year before the project be-
gan. At that conference we discessed many differ-
ent dreams and concepts. The substance of those
discussions was reported as sensational news all
over the world,

A vision with such ambiticus goals, however,
can never be materialized as 4 real project in its
original form. Evenif a project is started in accor-
dance with the original form, it cannot be managed
and operated within the framework of an effective
research scheme. Actually, our plans had become
much mere modest by the time the project was
launched,

For example, the development of application
systems, such as a machine translation system,
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was removed from the list of goals. It is impos-
sible to complete a highly intelligent system in ten
years, A preliminary stage is required to enhance
basie studies and to reform computer technology
itself. We decided that we should focus our efforts
on these foundational tasks. Another reason is
that, at that lime in Japan, some private companies
had already begun to develop pragmatic, low-level
machine-translation systems independently and in
competition with each other,

Most of the research topics related (o patietn
recognition were also eliminated, because a na-
tional project called “Pattern Information Process-
ing” had already been conducted by the Ministry
of International Trade and Indusiry for ten years,
We also found that the stage of the research did not
match onr own.

We thus deliberately eliminated most research
topics covered by Pattern Information Processing
from the scope of our FGCS project. However,
those topics themselves are very important and
thus remain major topics for research. They may
become a main theme of another national project
of Japan in the future.

Does all this mean that FGCS8T was decep-
tive? [do not think so. First, in those days, a pes-
simistic outlook predominated concerning the fu-
ture development of technological research. For
example, there was a general trend that reserch
into artificial intelligence would be of no practical
use. In that sort of situation, there was consider-
able valye in maintaining a positive attitude to-
ward the future of technological research—
whether this meant ten years or fifty. [ believe that
this was the very reason why we received remark-
able reactions, both positive and negative, from
the public.

The second reason is that the key concept of
Parallel Tnference was presented in a clear-cut
form at BFGCS'81. Let me show you a diagram
{(Fig. 1). This diagram is the one I used for my
speech at FGCS 81, and is now a sort of “ancient
document”. Its draft was completed in 1980, but I
had come up with the basic idea four years earlier,
After discussing the concept with my colleagues
for four years, 1 finally completed this diagram,

Here, you can clearly see ocur concept that our
zoal should be a “Parallel Inference Machine™,

We wanted Lo create an inference machine, start-
ing with study on a variety of parallel architec-
mres. For this purpose, research into a new lan-
guage was necessary. We wanted to develop a 5G-
kernel language—what we now call KL.1. The
diggram includes these hopes of ours.

The upper part of the diagram shows the re-
search infrastructure. A personal inference ma-
chine or workstation for research purposes should
be created, as well as a chip for the machine. We
expected that the chip would be useful for our
goal. The computer network should be consoli-
dated to support the infrastruciure. The software
aspects are shown in the bottom part of the dia-
wram, Starting with the study on software engi-
neering and AT, we wanted to build a framework
for high-level symbaol processing, which should be
used to achieve our goal. This is the concept [ pre-
sented at the FOCS'R1 conference.

I would appreciate it if you would compare
this diagram with our plan and the resulis of the
final stage of this project, when Deputy Director
Kurozumi shows you them later. T would like you
to compare the original structure concgived 12
years ago and the present results of the project so
that you can appreciate what has been accom-
plished and criticize what is lacking or what was
immature in the original idea.

Some people tend to make more of the conclu-
sions drawn by a comunittes than the concepts and
beliefs of an individual. It may sound a little bit
beside point, but 1 have heard that there is a prov-
erb in the West that goes, “The horse designed by a
committee will turn out to be a camel”.

The preparatory committee for this project
had a series of enthusiastic discussions for three
years before the project's launching. 1thought that
they were doing an exceptional job as a commit-
tee. Although the commiltee’s work was great,
however, | must say that the plan became a camel.
It seems that their enthusiasm created some extra
humps as well, Let me say in passing that some
people seem to adhere 1o those hamps, T am sur-
prised that there is still such a so-called bureau-
cratic view even among academic people and jour-
nalists. '

This is not the first time [ have expressed this
opinion of mine about the goal of the project. 1
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have, at least in Japanese, been declaring it in pub-
lic: for the past ten years. I think I could have been
discharged at any time had my opinion been inap-
propriate.

As the person in charge of this project, 1 have
pushed forward with the lines of Parallel Infarence
based upen my own beliefs. Although I have been
criticized as still being too ambitious, I have al-

nately, the idea of the project has not remained just
a personal belief but has become a common belief
shared by the many researchers and research lead-
ers involved in the project.

Assuming that this project has proved 10 be
successful, as 1 believe it has, this fact is probably
the biggest reason for its success. For a research
project to be successful, it needs to be favored by

ways been prepared to take responsibility for that.

Since the project is a national project, it goes
without saying that it should not be controlled by
one person. [ have had many discussions with a
variety of people for more than ten years. Fortu-

good external conditions. But the most important
thing is that the research group involved has a
common belief and 4 common will to reach its
poals. [have been very fortunate to be able to real-
ize and experience this over the past ten years.
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5o much for inroductory remarks. 1 wish to
outling, in terms of Paralle]l Inference, the results
of our work conducted over these ten years, 1 be-
lieve that the remarkable feature of this project is
that it focused upon one language and, based upon
that language, experimented with the development
of hardware and software on a largs scale,

 From the beginning, we envizaged that we
wonld take logic programming and give it arole as
alink that connects highly parallel machine archi-
tecture and the problems concerning applications
and software, Our mission was to find a program-
ming language for Parallel Inference.

A research group led by Deputy Director
Furukawa was responsible for this work, As are-
sult of their efforts, Ueda came up with a language
model, GHC, at the beginning of the intermediate
stage of the project. The two main precursors of it
were Parlog and Concurrent Prolog. He enhanced
and simplified them to make this model. Based
upoen GHC, Chikayama designed a programming
language called KL.1.

KL1, a language derived from the logic pro-
gramming concept, provided a basis for the latter
half of cor project. Thus, all of our research plans
in the final stage were integrated under a single
langoage, K11,

For example, we developed a hardware sys-
tem, the Mult-PSI, at the end of the intermediate
stage, and demonstrated it at FGCS'88, After the
conference we made copies and have used them as
the infrastructure for software research.

In the final stage, we made a few PIM proto-
types, a Parallel Inference Machine that has been
one of our final research goals on the hardware
side. These prototypes are being demonstrated at
this conference.

Each prototype has a different architecture in
its interconnection network and so forth, and the
architecture itself is a subject of research. Viewed
from the outside, however, all of them are KLI1
machines.

Manager of Research Department, Uchida
and Laboratory Chief, Taki will show you details
on PIM later, What T want to emphasize here is
that all of these prototypes are designed, down 1o
the level of internal chip, with the assumption that
KL1, a lanpuage that could be categorized as a

very high-level language, is a "machine lan-
guage”.

On the software side as well, our research top-
ics were integrated under the KL1 language. All
the application software, as well as the basic soft-
ware such as operating systems, were to be written
in KLI.

We demonstrated an operating system called
PIMOS a1 FGCS 88, which was the first operating
system software written in KL1, It was immature
al that time, but has been improved since then.
The full-fledged version of PIMOS now secorely
backs the demonstrations being shown at this con-
ference.

Details will later be given by Laboratory
Chief Chikayama, but I wish to emphasize that not
only have we succeeded in writing software as
complicated and huge as an operating system en-
trely in KL1, but we have also proved through our
own expericnce that K1.1 is much more appropri-
ate than conventional languages for writing sys-
tem softwara such as operating systems.
~ One of the major challenges in the final stage
was o demonstrate that K11 is effective not only
for basic software, such as operating systems and
language implementations, but also for a variety of
applications. As Laboratory Chief Nitta will re-
port later, we have been able to demonstrate the
effectiveness of KL1 for various applications in-
cluding LSI-CAD, genetic analysis, and legal rea-
soning, These application systems address issues
in the real world and have a virtually practicat
scale. But, again, what 1 wish to emphagize here is
that the objective of those developments has been
to demonstrate the effectiveness of Paratlel Infer-
ence.

In fact, it was in the initial stage of our project
that we first tried the approach of developing a
project around one particular language. The tech-
nology was at the level of sequential processing,
and we adopted ESP, an expanded version of
Prolog, as a basis.

Assuming that ESP could play a role of KLO,
our kernel language for sequential processing, a
Personal Sequentizl Inference machine, called
P51, was designed as hardware., We decided to use
the PSI machine as a worksialion for our research,
Some 300 PSIs, including meodified versions, have



so far been produced and used in the project.

SIMPOS, the operating system designed for
PSL, is written solely in ESP. In those days, this
was one of the largest programs written in a logic
programming language.

Up to the intermediate stage of the project, we
used PSI and SIMPOS as the infrastructure to con-
duct research on expert systems and natural lan-
guage processing,

This kind of approach is indeed the dream af
researchers, but some of you may be skeptical
about our approach. Our project, though con-
ducted on a large scale, is still considered basic re-
search. Accordingly, it is supposzed to be con-
ducted in a free, unresrained atmosphere so as to
bring about innovative results. Some of you may
wonder whether the policy of centering around
one particular language restrains the freedom and
diversity of research,

But this policy is also based upon Ly, OF Qur,
philosophy. 1 believe that research is a process of
“assuming and verifying hypotheses”. If this is
true, the hypotheses must be as pure and clear as
possible, If not, you cannet be sure of what you
are trying to verify.

A practical gystem ftself could include com-
promise or, to put it differently, frexibility to ac-
commodate varions needs. However, in a research
project, the hypotheses must be clear and verifi-
able. Compromises and the like could be consid-
ered after basic research results have been ob-
tained, This has been my policy from the very be-
ginning, and that is the reason why I took a rather
controversial or provecative approach.

‘We had a strong belief that our hypothesis of
focusing on Paraliel Inference and KL1 had suffi-
cient scope for a world of rich and free research,
Even if the hypothesis acted as a constraint, we
believed that it would act as a creative constraint.

I'would be a liar if I was to say that there was
no resistance among our researchers when we de-
cided upon the above policy. KL1 and parallel
processing were a completely new world to every-
one. [t required a lot of courage to plunge head-
long into this new world. But once the psycho-
logical barrier was overcome, the researchers set
out to create new parallel programming techniques
one after another.

People may not feel like using new program-
ming languages such as KL1. Using established
languages and systems only, or a kind of conserva-
tism, seems to be the major rend today, In order
to make a breakthrough into the futore, however,
we nzed a challenging and adventuring spirit. I
think we have carried out our experiment with
such a spirit throughout the ten-vear project.

Among the many other results we obtained in
the final stage was a fast theorem-proving system,
or a prover. Details will be given in Laboratory
Chief Hasegawa's report, but I think that this re-
search will lead to the resurrection of theorem-
proving research.

Conventionally, research into theorem prov-
ing by computers has been criticized by many
mathematicians who insisted that only tov ex-
amples could be dealt with, However,very re-
cently, we were able to solve a problem labelled by
mathematicians as an ‘open problem’ using our
prover, as a result of collaborative research with
the Australian National University.

The applications of our prover,is not limited to
mathematical theorem proving: it is also being
used as the inference engine of our legal reasoning
system. Thus, our prover is being used in the
mathematics world on one hand, and the legal
world on the other,

The research on programming Ianguages has
not ended with KL1. For example, a constraint
logic programming language called GDCC has
been developed as a higher-level language than
KL1. We also have a language called Quixote.

From the beginning of this projet, I have advo-
cated the idea of integrating three types of
languages—Ilogic, functional, and object-
oriented—and of integrating the worlds of pro-
gramming and of databases. This idea has been
materialized in the Quixote language; it can be
called a deductive Dhject-nrianted database lan-
guage,

Another language, CIL, was developed by
Mulkai in the study of natural language processing.
CIL is a semantics representation language de-
signed to be able to deal with sitation theory.
Quixote incorporates CIL in a natral form and
therefore has the characteristics of a semantics
representation language. As a whole, it shows one
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possible future form of knowledge representation
languages,

More details on Quixote, along with the devel-
opment of a distributed parallel database manage-
ment system, Kappa-P, will be given by Labora-
tory Chief Yokota.

Thus far | have ontlined, albeit briefly, the fi-
nal results of our ten-year project. Recalling what
1 envisaged ten vears ago and what I have dreamed
and hoped would materialize for 15 years, I be-
lisve that we have achieved as much as or more
than what I expected, and [ am quite satisfied.

Naturally, a national project is not performed
for mere self-satisfaction. The original goal of this
project was to create the core of next-generation
computer technologies. Various elemental tech-
noelogies are needed for future computers and in-
formation processing. Although it is impossible
for this project alone to provide all of those tech-
nologies, we are proud to be able to say that we
have created the core part, or at Jeast provided an
instance of it.

The results of this project, however, cannot be
commercialized as soon as the project is finished,
which is exactly why it was conducted as a na-
tional project. [ estimate that it takes us another
five years, which could be called a period for the
“maturation of the technologies”, for our results to
actully take root in society. [ had this prospect in
mind when this project started ten years ago, and
have kept declaring it in public right up until to-
day. MNow the project is nearing its end, but my
idea is siill the same.

There is often a gap of 1en or twenty years be-
tween the basic research stage of a technology and
the day it appears in the business world, Good ex-
amples are UNIX, C, and RISC, which has be-
come popular in the current trend toward
downsizing. They appear to be up-to-date in the
business world, but research on them has been
conducted for many years. The frank opinions of
the researchers involved will be that industry has
finally caught up with their research.

There is thus a sebstantial time lag between
basic research and commercialization. Our
project, from its very outset, set an eye on tech-
nologies for the far distant future. Today, the
movement toward parallel computers is gaining

momentom worldwide as a technology leading
into the future. However, skepticism was domi-
nant ten years ago. The situation was not very dif-
ferent even five years ago. When we tried to shift
our focus on parallel processing after the initial
slage of the project, there was a sirong opinion that
a parallel computer was not possible and that we
should give it up and be happy with the successful
results obtained in the inital stage.

In spite of the skepticism about parallel
computcrs that still remains, the trend seems to be
changing drastically. Thanks to constant progress
in semiconductor technology, it i now becoming
easier to connect five hundred, a thonsand, or even
more processor chips, as far as hardware technol-
ogy is concerned.

Currently, the parallel computers that most
people are interested in are supercomputers for
scientific computation. The ideas there tend to
still be vagus regarding the software aspen:ts MNev-
ertheless, a new age is dawning,

The software problem might not be too seri-
ous as long as scientific computation deals only
with simple, scaled-up matrix calculations, but it
will certainly become serious in the future, Now
suppose this problem has been solved and we can
nicely deal with all the aspects of large-scale prob-
lems with complicated overall structures. Then,
we would have something like a general-purpose
capability that is not Hmited to scientific compuia-
tion. We might then be able to replace the main-
frame computers we are using now.

The scenario mentioned above is one possibil-
ity leading to a new type of mainframe computer
in the future, One could start by connecting a
number of processor chips and face enormous dif-
ficulties with parallel software,

However, he or she could alternatively start by
considering what technologies will be required in
the future, and I suspect that the answer should be
the Parallel Inference technology which we have
been pursuing.

I am not going to press the sbove view upon
vou. However, | anticipate that if anybody starts
research without knowing our ideas, or under a
philosophy that he or ghe believes is quite different
from ours, after many twists and turns that person
will reach more or less the same concept as ours—
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possibly with small differences such as different
terminology. In other words, my opinion is that
there are not so many different essential technolo-
gies,

It may be valuable for researchers to struggle
through a process of research independently from
what has already been done, finally to find that
they have followed the same course as somebody
else. But a more efficient approach would be to
build upon what has been done in this FGCS
project and devote energy to moving forward from
that point. I believe the results of this project will
provide important insights for researchers who
want o pursue general-purpose parallel comput-
£rs,

This praject will be finished at the end of this
year. As for “maturation of the Parallel Inference
technology™, I think we will need a new form re-
search activitics, There is a concept called *dis-
tributed cooperative computing” in the field of
cmputation models, T expect that, in a similar
spirit, the seeds generated in this project will
spread both inside and outside the country and
sprout in many different parts of the world.

For this to be realized, the results of this
project must be freely accessible and available
worldwide, Inthe software area, for example, this
means that it is essential to disclose all our accom-
plishments including the source codes and to make
them “international commaon public assels™.

MITI Minister Watanabe and the Director
General of the Bureau announced the policy that

the results of our project could be utilized through-
out the world, Enormous effort must have besn
made te formulate such a policy. 1 find it very im-
pressive.

We have tried to encourage international col-
laboration for ten vears in this project. As a resul,
we have enjoyed opportunities to exchange ideas
with many researchers involved in advanced stud-
ieg in various parts of the world. They have given
us much support and cooperation, without which
this project could not have been completed,

In that regard, and also considering that this is
a Japanese national project that aims at making a
contribution, though it may only be small, toward
the future of mankind, we believe that we are re-
sponsible for leaving our research accomplish-
ments as a legacy to future generations and to the
international community in a most suitable form.
This is now realized, and I believe it is an impor-
tant springboard for the fulure.

Although this project is about to end, the end
is just another starting point, The advancement of
computers and information processing technolo-
gies is closely related to the future of human soci-
ety. Social thought, ideologies, and social systems
that fail to recognize ils significance will perish as
we have seen in recent world history. We must
advance into a new age now, To launch a new age,
I fervently hope that the circle of those who share
our passion for a bright future will continue to ex-
pand,
Thank vou.
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