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Omne of the objectives of FGUS'ES iz for us at
ICOT te present the results of the middle stage of
resenrch being conducted in the fifth generation
computer project.

Ancther objective of thiz conference iz for
researchers from all over the world to exchange the
results of their research, aiming towards a new
generation of computers.

Our fifth-generation project started in 1982,
This year is its seventh year, and the end of the
middle stage. The previous FGCS conference,
FGCS'84, was held at the end of the project's third
year, four years ago. The three stages of the project
can be represented as three stapes of movemant
hop, step, and jump. We have already hopped and
stepped, and now we are about to jump into the
final stage of the project.

1 would like to outline the FGCE project briefly.
It is proceeding according to plan, along the lines
that Lenvisaged at the beginning of the project, and
research is yielding results at the pace expected at
the beginning of the project.

It goes without saying that these results could
never have been obtained without the concerted
efforts of the researchers involved in this project,
and without the support and cooperation of the
many people around ICOT,

The efforts and cooperation of all these people
are bound up with the results, but the excellent
project set-up and basic policies have made it
possible for everyone to do their best.

I am sure that T have said this many times
bhefore, but the key words that express the
technological features of this project are parallel
inference, I will go into these key words in more
detail later, but, briefly, parallel inference was the
objective of the project from the start, This
objective was not changed in the initlal or middle
stages. This research has formed a base for the
final three years of this project, and the last stage
will see the establishment of a basic parallel

inference technology, as envisaged whenthe project
wae gt up.

The initial stage, or "hop" stage, was from 18982
to 1984, It can be thought of as the personal
sequential inferents machine, or P8I, stage. The
research results can be seen in the technical reports
and papers of this period, but it is easier to
understand by looking at examples,

The PRI is a sequential computer that uses a
logic language as the machine language. It was
designed as a tool and workstation for software
research in the middle and final stages.

In addition to the hardware, the sequential
inference machine programming and operating
aysiem, or SIMPOS, was being developed as the
operating system on the P81, I was the first
operating system and the first large-scale software
built using a logic language.

The PSI and SIMPOS are representative
results of the initial stage.

In the initial atage, research tools were
developed, fundamental software problems were
researched baszed on the concept of logic
programming, and progress was made in research
on natural languages, Other basic research was
also conducted. The initial atage can be roughly
thought of as such age.

The middle stage, from 1985 to this year, was
the "step” stage. One of the features of research
during thiz period was the start of research oh
paralielization, On the language side, Guarded
Horn Clauses, or GHC, was proposed. It acted as a
springboard for research on parallelization. GHC is
a logic language with paraliel operation added.

The problem of how to add parallel control to a
logie language has been a major item in logic
programming research worldwide over the last faw
years, ICOT has contributed greatly to this field by
proposing GHO, which formed the base for
fundamental research on parallel programming.

With GHC as the base, KL1 was decided on as



the kernel language in the first plans, The kernel
language iz the software base, and iz also the
starting point for machine architectare, Research
on parallel architecture started, based on EL1.

One of the results of the middle stage was the
Multi-PSI. The Multi-PSI uses an upgraded
version of the PSI developed in the initial stage.
Sizty-four PSIs form one Multi-PSI systern. The
purpogse of developing it was to provide an
environment for research on parallel software as
quickly as possible. To achieve this purpose, a
prototype of the PIMOS, the operating system for
parallel inference machines, are being developed on
the Multi-PSLL

In parallel with the Multi-PSI, a 100 processor
element parallel inference machine, or PIM, eyztem
is being developed. This PIM is the middle stage
version of the target parallel inference machine,
and ig expected to be completed during the first half
of next year. It will be linked with research in the
final stage.

Another feature of the middie stage is research
on software based on the PSI and SIMPOS
developed .in the initlal stage. The P8I and
SIMPOS hove been upgraded. There are now more
than 300 PS5Is, which are being used as
workstations for software research in this project.

One of the main themes in this project is
researching logic programming in depth. Parallel
programming and constraint programming ave
major research themes all over the world. ICOT is
also researching constraint programming, with the
aim of integrating it with paralle! programming.

In the framework of logic programming, the
development of meta-programming, program
tranaformation, and partial evaluation have been
in progress since the initial stage. In the middle
stage, parallelization has also been emphasized,
bazed on GHC,

Regearch on natural language understanding
is part of core research on artificial intelligence. 1t
will be esgential in future man-machine
communication. It has been a major part of
research at ICOT since the initial stage. Research
on models besed on situation semantics theory is
also under way. )

Ome result of natural language vesearch in the
middle stage is DUALS3, Discourse Understanding
Aimed at Logic-based System, a language
understanding system that has been upgraded from
the system developed in the initial stage. The logic
programming library developed through research
during this period is the language teol box, or LTB,

for language proceasing.

Another part of core research on artificial
intelligence is knowledge processing. Testing
expert systems in various areas is another feature
of the middle stage. ICOT is researching knowledge
processing not for immediate practical application,
butin order to picneer high-level techniques and to
prepare for parallelization, This research will help
us to work on knowledge scquisition, induction,
learning, hypothetical reaszoning, and non-
monotonie reasoning.

Compared to the initial stage, research in the
middle stage has been more active, and results have
divergified. In a broad sense, this is a preparation
for integrating and developing the basic concepts
held from the beginning in the final stage.

Next year will see the beginning of the final
stage, the Tump” stage. This will be the period for
in-depth research on pavallel inference software,
Until now, parallel software has besen researched by
simulation, but now thet & new and powerful
research environment has appeared in the form of
the Multi-PSI, we hope that research will move
faster.

On the hardwara side, the target is to build a
1000 processor element parallel inference machine,
integrating & knowledge base machine
architecbure,

By uging this machine to the full, the abstroct
and theoretical research that has been done until
now, such as repearch on respuree managemeant,
will give birth to specific problems.

The parallelization of knowledge processing,
natural language processing, and application
programs of & reasenable scale will be 2 major area
of research in the final stage. This is an area on
which almost no work has been done ag yet.

To realize this ressarch, systemization is
necessary, along with ressarch that returns to the
basics. At the same time, it is essential to set up a
parallel programming environment,

One of the software targets of the final stage is
to group parallel programming technigues in the
form of knowledge programming, using the
environmental conditions provided up to the middle
stage.

Ag 1 have shown, the project has been
developing with parallel inference as the warpofits
material, because we expect parallel inference to be
the core of future information processing, and
beeause we believe that it will lead to a new type of
eomputer,



One of the assumptions in planning this project
was the prediction that the future of information
processing and the basie direstion of its progress lie
in knowledge information processing, usunally
thought of as artificial intelligence. The situation
in 1982, when the project started, and the situation
now are completely different, becavsze artificial
intelligenes is hecoming popular all over the world,
and is becoming an integral part of soclety.

However, we have emphasized from the
beginning that this project is not an Al project as
guch. To put it more accurately, the aim of the
project is new computers for future AL The aim of
this project is not Al aystems that can be used in
the near future, nor is it computers that are an
extension of present computers.

To diverge, I believe that Al should be viewed
as al least three dimensions, Like height, width,
and depth in spaes, AL should also be the volume
obtained by multipl¥ing these three dimensions,

The present Al boom ie mainly width., The
width has been increased as applications for solving
problems have been found. Not long ago, there was
almost no width in AL but sz Al became more
popular, it broadened.

Depth ia the depth of research. Research on
ertificial intelligence has been going on for 30
years, but how far have we managed to clarify what
intelligence 137 How goed are our models of
intelligence? Thisis the scientific side of artificial
intalligenne,

An example of the height of artificial
intelligence is the realization of Al functions and
the sygtem with which to renlize them. This is the
technieal dimension.

If obtaining a good wolume iy a preblem, it is
necessary o irerease each dimension. The width of
applications hag inereased, which is valuable, butis
that all that is neceasary? It is said increasingly
often that the importance of basic research on Al
lies in the overall, healthy growth of Al in the
dimension of width.

We also believe that the third dimension,
helght, is as important as the other dimensions.
Our project emphasizes the third dimension.,

Artifieia] intelligence systems are multi-layer
structures, where the computer, or hardware, is the
base, and there are many layers of software, Is the
present system form suitable? It is eaid that
knowledge is important, and so is software. This is
true, but this does not mean that hardware is not
important,

There is still room for growth in present

computer technology, and it is certainly nearing
maturity. The world of information processing,
however, iz expected to keep on growing. This poses
the guestion of whether an extension of present
computer be.chnu]agy ean support growth,

The progress of slectronies technology,
supporting eomputers, is truly remarkable, It
shows that electronics technology is starting to
have encugh power even if computers cast off their
current form.

I we review computers from the viewpoint that
AT and knowledge information processing sre the
future dirsckion of information procsssing, it is
evident that the structure of today's computers is
not ideal, We must therefore review the principles
of making computers from a new viewpeint, The
starting point of our project was to show that the
time for thisis coming.

Taking the view that & healthy body houses a
healthy mind, we need new types of computers to
form a stronger base for future, more advanced
information processing. The technical potential is
now apparant.

From the point of view of hardware, the
guiding principle of parallelization to give more
powerful, higher parformance has appeared in ultra
VLaL

On the software side, from the viewpoint of
high-performance software such as Al, logic
programming comes to mind, The basic operation is
the inferenca in legic.

There is an internal relationship between
hardware and software by taking parallelization as
the form in which inference will be realized. The
phraszs "parallel inference" is the guiding principle
and the key words for new computers,

However, I am not claiming that paraliel
inference is the only ressarch required for future
information processing.

Research on artificial intelligence is spreading
throughout society. It is impossible to handle all
artificial intelligence in a single project, and,
indeed, the time has come when it is better to
spread it over many projects, Each project should
be formed by placing its strong points on some
place in the three dimensional space : height,
width, and depth. Qur national project has tried to
do this, and one of the features of our project is the
establishment of basic technoleogy for new
computers, not the extension of existing technology.

Thiz is one of the reasons why I have
emphasizad a little while ago that this project is not
an Al project as such.



I said that the increaze of artificial intelligence
will be a major pointer of the future direction of
information processing. This iz not the whole story.
It iz an important trend, but it is more reasonable to
comsider that the world of information processing is
wider than that, There are, however, some areas
that are not yet considered as artificial intelligence,
particularly in the narrow sense. Systems with
more advanced functions and better performance
are also essential in these areas.

One major problem that comes to mind here is
how to create large-scale, complex, advanced
software. It can be said that the desire to use
seientific methodology in creating software is the
mainstream of computer science,

The concept of logic programming ean be
leoked at from this point of view, Automatic
programming is o drearn. To realize this dream, we
need to identify the legieal properties of programs,
To develop program transformation and other
techniques, however, we should build programming
methodology and programming languages on
clearer logic. This means rebuilding ecomputer
gelence, Logic programming can be viewed as a
possible approach.

Baged on this, inference can be taken ag the
basic concept in building software. If we view
parallelization as a method of high-speed
realization, parallel inference is necessary to
advance future information processing and to give
itmeaning,

I keep on talking about paralle]l infarence
beeause it's the main theme of our project. -

Az suid at FGOS'84, it is vital to have simple,
clear bagic concepts in major long-term research
projects, and to keep them in mind right through
the project. In the period of transition between the
initial stuge and the middle stage, we plannad
development this way,

Even basic concepts must be reviewed
periodieally. We take great care in doing this, and,
g0 far, have not had to change our basic concepts. In
the seven years that research has been developing
in this project, T feel that we have verified the
initial basie concepts agnin and again. Of course,
we now have many more ideas than we did at the
gtart, and these have been reinforced. As time has
passed, we have geined more confidence in our
approach.

This eftérncon, there will be a more detailed
report on plans for the final stage. OQur basic
appreach to these plans has been to re-verify and
clarify the basic coneepts since the initiation of the
project, We have been working on a central theme
and improving our plans, We are trying to simplify
our plans for the final stage,

To digress again, 1 believe that there are
geveral things we must take note of if we want a
national ressarch project like this to suceeed,

The first i the temptation to compromise.

All over the world there is a tendency to lean
towards practical toples in order to establish
support for a project or to show itz success. If the
project is set up for practical topies or the research
goes much better than expected, thisis all right, but
in many cases, this tendency means that the initial
idenls and targets must be lowered. This in torn
lowers the researchers’ morale, and means that
resulis that could be attained with a little more
hard work are not achisved,

Topics that show a likelihood of practical
application are usually hest left to the spontansity
and ereativity of a private company. Of course, this
depends on the nature and seale of the researsh
theme.

In a national project, especially in an
industrialized country, not the extension of existing
technology, but the ereation of new technology, that
is, work with risks, is proper.

Another temptation is to zet targets too high.
There iz a natural lHmit on targets, imposad by time
and human resources. There have been cages where
the target was too high, or was misinterpreted as
being toc high, cavsing an adverse reaction, and
damping research.

Targels that are too high are often coused by
the naive optimism of researchers. There are cases
where dreams or things that seem good are popular,
and, whether consciously or unconsciously, the
researchers go along with those ideas. These cases
ara good examples of disguised compromise,

Ancther problem is the danger of fearing
danger. Fear of danger is the bipgest inciterment to
compromise. Fearing danger, compromising time
and again, and trying to create new things are
certainly contradictory, and may be unattainable
targets. However, it is no exaggeration to say that
the greatest danger in creative research is
compromise,

Congidering that many people follow the
principle of safety today, surely it is better to follow
the principle of adventure,

Az opur project nears its final stage, we are often
asked about its conelusion. OF course, we would like
a secure conclusion, but it is not easy to wind up,
using the remaining time well,

Bather, we must work on the problem of
parallel inference. 1 like to think of the last seven
years as a preparation period for the next thres



years, in which we atart a new project.

This may provoke criticism or questions as to
whether we are trying to deal with an impossible
problem or trying to deal with the problem in too
short a time,

Thiz problem is a huge challenge, even if we
limit it to parallel inference. The words are simple,
but they embody high-level, diverse research
themes. It may be impossible to solve all the
problems in that time, but 1 believe that we are
very likely to break through at a basic point,

My basiec, optimistic view is that if the problem
is correctly set and a good environment is given,
regearchers can be stimnlated far more than
expected. The past seven years are the preparation
and efforts towards doing that.

The nature of our project is not such that the
second half will end in total sueesss, nor that we are
embracing impossible challenges.

I have talked mainly about our project today,
but research towards a new age of computers and a
new age of information processing is going on all
over the world. Our project iz one of many, and can
only be one of many, in this worldwide movement.
This is not an expression of Japanese modesty.

We want to contribute to making new history,
and are working very hard to doso. Our efforis are
part of the vast flow of history, in fact, part of
historical inevitability,

Research must take many approaches. In this
field, these approaches will bear fruit not by simple
diffusion, but when unity can be seen in their
diversity. The simultaneous pursuit of diversity
and unity iz vitel for the development of research,
and the desirability of open exchange of research by
various groups is bound up with it.

We have strezsed internations] exchange and
co-operation from the beginning of our project,
because we believe that there are people all over
the world working towards making history in
research in this feld, that their numbers are
increasing, and that history will be made by the
joint efforts of all these researchers. We believe
that thig is necessary for the futnre of all mankind.

To renlize this, not rivalry between
regearchers, but co-operation founded on
understanding of different approaches is needed.
At no time have we needed this as much as now.

Thie conference iz a link in the chain of
activities aiming towards the future, We will hear
both the interim report of FGCRE activities and
reports of the research activities of our colleagues

all over the world. I would like to thank you all for
sttending the FGCS'88 conference, and to express
my hope that your research will bear fruit through
this exchange, and that this conference will be a
gtepping-stone whereby history can advance
towards a new age.



