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Preface

The Japanese economy is caught in the stream of international change and
uncertainty, particularly as these are represented by the problems of energy
and raw materials. At the same time, the nation is in the process of forming
an information-oriented society wherein great importance is coming to be
attached to the appropriate processing and utilization of information.

The computer has become an indispensable tool in our use of information.
Still, over the next ten years, we are certain to find the need for even more
highly sophisticated technology in overcoming the many problems we will
come to face, and the realization of computer systems based on new
theoretical foundations and technology will be much desired.

It was for these reasons that JIPDEC established a Committee for Study
and Research on Fifth-G eneration Computers (chairman, Tohru Moto-oka)
which, beginning in 1979, set out on a two-year investigation into the most
desirable types of computer systems for application in the 1990°s (fifth-
generation computers) and how the development projects aimed at the
realization of these systems should be carried forward.

Presented here is a summary of the findings of the Committee (1979 1980)
and the minutes of Panel Discussion 1T (Impact of Fifth Generation
Computer Systems) of the International Conference on Fifth Generation
Computer Systems held from October 19 to 22, 1981 at Keidan-Ren-Kaikan,
Tokyo.




Summary (Preliminary Report on Study and Research on
Fifth-Generation Computers, 1979-1980)

1 Background and significance

(1) Social requirements expected of
compauters in the 1990°s

In the 1990°s when it is expected that fifth
generation computer systems will be in wide
use, information processing systems will be
central tools in all areas of social activity to
include economics, industry, art and science,
administration, international relations, edu-
cation, culture and daily life and so forth.
Such information processing systems will be
required to meet those new needs generated
by environmental changes and will not only
be expected to play active roles in the
resolving of anticipated social bottlenecks
but also to advance society along a more
through the
utilization of their advanced capabilities.

desirable path effective

Information processing systems in the

1990’s will be expected to play the following

roles:

1) To increase productivity in low-
productivity areas '

Although product quality and

productivity in the secondary industries have
been greatly improved through the adoption
of computer controlled manufacturing

processes and assembly lines, productivity in
the primary industries such as agri_Eulture

and fishing and also in the tertiary industries
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such as goods distribution and public
services, has remained little changed. This
fact has been the cause of serious social
imbalances. Cost reductions via increased
efficiency as represented by industrialization
and office automation can be expected in
these fields as well, as a result of the effective
employment of advanced computer systems.

2) To meet international competition and
contribute toward international cooperation

Suffering from a shortage of land and
natural resources, it is impossible for Japan
to be fully self-sufficient in food, and her
ability to supply her own cnergy and oil
needs is the lowest among the developed
countries. On the other hand, we do have one
precious asset, that is, a highly educated,
diligent and top quality labor force, our
human resources. It is desirable to utilize this
advantage to cultivate information itself as a
new resource comparable to food and en-
ergy, and information related knowledge in-
tensive industries should strongly be pro-
moted 1o make possible the processing and
management of information at will.

Such an effect would not only serve to help
our country meet international competition,
but would also enable us to make in-
ternational contributions through knowl-

edge-intensive technology.




3) To assist in saving energy and re-
sources

One of the most important tasks facing
mankind in this century is how to use our
finite resources effectively. Paralleling the re-
alization of minimization and optimization
of energy consumption, improverment of en-
ergy conversion efficiency and simulators for
use in developing new sources of energy
through the use of computer technalogy,
even the industrial system itself could be
expected to change into a knowledge-
intensive type information industry which
would be typically non-energy consuming.

4) To cope with an aged society

Our society is aging at an unprecedented
rate. Rapid increases in medical expenses
and welfare costs together with the relative
reduction in the labor force resulting from
this aged socicty could lead to big social
problems. Accordingly, utilization of fifth
generation computers to prevent the occur-
rence of or to cope with such problems by
way of developing streamlined medical and
related information systems, health manage-
ment systems and lifetime education systems
for the aged ete. will be necessary.

(2) Technological background
Computer technology has, from its birth
on, consistently and emphatically been
aimed at high-speed operation and large ca-
pacity, and has been developed mainly for
processing numerical calculations. As a re-
sult, computers have had significantly limited
functions in terms of input and output pro-
cessing that restricted their applications, and
this has caused considerable inconvenience.
As applications for computers have become

widespread, from the initial scientific and
technical computations to the more recent
business data processing, there has arisen a
strong need for freer input/output capabil-
ities such as by speech or voice, images,
graphics and the like, all of which are natural
forms of information transmission for man.

The high cost of hardware up to now has
not only minimized the number of functions
capable of being carried out by it, but has
also gradually increased dependence upon
software, the proliferation of which has led
to a situation called the “software crisis™.
This problem has had an undesirable side
effect in that computer architecture has
become stiff and infiexible due to the con-
tinued reliance on existing software and is
believed to be unable to meet new appli-
cations as long as it continues to rely on
existing technologics.

From the standpoint of seeds for the de-
velopment of new technology, a technologi-
cal basis permiting new architectures and
new functions such as improved computer
intelligence has matured. This includes VLSI
technology which has rapidly advanced in
the past few years, the realization of larger
capacity memories, increased possibility for
developing high-speed clements, promotion
of research into artificial intelligence and
pattern recognition technology and the tech-
nological fusion of communication and in-
formation processing among others.

Judging from the relationship between
needs and seeds, it is quite natural to hope
that information processing systems based
on new conceptions and architectures which
would prove to be a quantum leap in the
computer technology of the past thirty years
will appear in about ten years.
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(3) Significance of the project

Japan had come to be considered an “eco-
nomic power” by the other countries of the
world. Thus, if we consider the direction in
which our industries should proceed, it bec-
omeés clear that we no longer need chase the
more developed countries, but instead
should begin to set goals of leadership and
creativity in research and development and
to pioneer the promotion of such a project
throughout the world.

The significance and effect of the research
and development project for fifth generation

computers is summarized as follows:

1) By promoting this project, Japan is
playing a leading role worldwide in the field
of computer technology development. This
effort will not only help our computer in-
dustry foster more creative technology, but
will also previde our country with a means of
bargaining power. We can also fulfill our
duty as an economic power expected to as-
sume international responsibility by invest-

ing in the development of this leading ficld.

2) In addition to making our society a
better, richer one by the 1990's, this project
will also prove influential in other areas.

The fifth generation computer is expected
to be beneficial in the solution of social
bottienecks such as the energy problem and
problems related to an aging society etc. It is
also expected to serve as a prime mover in the
field of industry by helping those industires
experiencing difficulty to improve their
efficiency and thus their productivity. Fur-
ther, society as a whole will become more
affluent as computers are applied to increas-

ingly new fields and areas.
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3) Developments in heretofore un-

explored fields will actively centribute to the

progress of all humanity.

Through the promotion of research into
artificial intelligence, a better understanding
should be gained of the mechanisms of life
which future research and development will
then concentrate on. The realization of auto-
maltic translation into multiple languages will
help promote mutual understanding between
and among peoples of different tongues and
thus aid in reducing trouble due to misunder-
standings and ignorance.

With the construction of a knowledge base
made possible, the knowledge which man has
accumulated over the ages can be stored and
effectively utihized, and new kinds of insights
and perceptions can be more easily obtained
by man with the aid of computers.

4) Experiments for advanced research
and development organizations.

It is of great importance 1o conduct nali-
onal tests of research and development orga-
nizations which have been in existence for a
long period of time. The majority of national
projects from now on will be required to be
carried out by organiiations for advanced
research and development such as these.
Thus tests of these organizations at the na-
tional level could be considered a kind of
experimental project for future projects. Pro-
motion of this kind of testing project will
create an environment which will produce

original resecarch based around it.

2 Functional requirements
Fifth generation computer systems will be
required to have an extremely wide variety of

sophisticated functions to solve the nu-




merous problems which todays computers
have and to meet the social nesds of the
1990's during which decade computerization
is expected to find many more applications
than nowadays.

As a whole, functions required of fifth
generation computer systems will be as fol-

lows:

(1) Increased intelligence and ease of
use so that they will be better able to
assist man

1) Functions which enable inputting and
outputting of information via speech or voice,
graphics, images and documents

Enhancement of input/output functions
which serve as the interface between man and
computer is of prime iImportance in making
computers easier to use.

In particular, since current computers are
quite limited in their input/output functions,
the ability to input and output information
in a wide variety of forms such as speech or
voice, graphics, images, documents and the
like man’s daily means of transmitling infor-

mation will be of utmost necessity.

2) The ability to process information con-
versationally using cveryday langauge

As computers penetrate further and fur-
ther into every field of our society, there will
be more opportunities for laymen to operate
them and thus gain direct access to needed
information. Therefore, the ability to com-
municate conversationally with a computer
using everyday language will prove most
beneficial.

3) The ability to put stored knowledge to
practical use

The ability to handle information in
speech, graph or natural language (orm does
not end with the input function, but rather
such a computer can only fulfill its purpose if
backed up with the knowledge to compre-
hended that input information.

In order to be able to utilize computers
more effectively as tools for solving various
problems, they will have to be equipped with
specialized knowledge i.e. knowledge bases,
related to the fields in which they are
employed. Then by putting these knowledge
bases to practical use computers will be
better able to lessen the burden on their
human operators as well as serve a role as

consultant systems for all mankind.

4) The functions of learning, associating
and infering

S0 that computers have knowledge and
can sufficiently use it for a desired purpose,
they should be given in cne form or another
abilities of learning, associating and infering
Jjust like ours. With such abilities, computers
would be able to clarify even vague requests
given by man and using their vast ability to
store information achieve new judgemcnt
facilities of their own which will help expand
the capabilities of we humans as well.

(2) Lessening the burden of software
generation

1) Automated processing based on the

input description of requirement speci-
fications
The cost of the development of software is

now greater than that of hardware, and there
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will be increasing needs for software in the
future. Ia such a situation, it is necessary to
raise the proportion of automated
programming in software development.

For example, an ideal process is one where
a computer processing procedure is synthe-
sized directly from requirement specifi-
cations described in a natural language,

generated and performed.

2) Realization of a language capable of
program verification and a suitable
architecture '

A programming language is a direct
interface between man and machine in the
development of a program. The ease with
which the programming language can be
used and language specifications functions
greatly influence the degree of difficulty of
software development. Moreaver, it is
desired that in future ultra high-level
languages with a high degree of verifiability
to enhance reliability of sofiware appear, and
a machine be realized which has
architectures suitable for processing such
languages.

3) Improvement of environments for
programming and realization of intelligent
interfaces

To improve programming productivity,
not onty lanpuage would be improved, but
should

greatly be improved to provide intelligent

also programming environments

interfaces between users and systems. Such
"requirements are common in every form of
computer access such as data base access for
retrieving desired information out of a great
amount of informatien, or a knowledge base
access for gaining a new perception to cope
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with an unknown problem

4) Utilization of existing software assets

As computer functions and performance
are improved, new applications will increase
to the point where conventionai computers
will not be able to deal with them. However,
it will be desirable to utilize software
developed to date as much as possible. To
this end, systems will be preferred which are
flexible enough 1o run software based on

canventional architectures.

(3) Improved overall functions and per-
fromance to meet social needs

1) Improved cost/performance

It is a common pringiple to all industrial
products that technelogical progress im-
prove the cost/performance of products. In
the 1990’s, the cost/performance of hardware
and software combined should be improved
significantly.

2} Light, compact computers

Computers are expected to be lighter and
smaller as the technology of integration of
devices progresses. The 1990's should find
portable, high-function computers, multilin-
gual translating machines, and industrial
products equipped with high-performance
computers.

3) High-speed, large-capacity computers
to meet new applications

It can be said that demands on speed of
processing and memory capacity as basic
compulter abilities are and will be limitless.
Many problems that are considered unp-
rocessable by conventional machines will ap-




pear as new applications as processing speed
and memory capacity increase. Realization
of the intelligent system, described above, is
dependent on great improvements in these
basic performances. With these improve-
ments, unknown situations can be simulated
with high precision to assist in widening our
ability to solve problems.

4) Increased diversification and adapt-
ability

Up to now general-purpose computers
with fixed hardware have been in the main-
stream, but computer systems in the 1990's
will be required to have much wider
diversification and purpose-oriented adapt-
ability and flexibility. Hardware and soft-
ware both should have their basic com-
ponents modularized for free system adapta-
bility and rearrangeability to suit varicus

purposes.

5) Highly reliable functions

As computers find their way into more and
. more field area of our society, they are likely
to cause much more damage when they get
malfunction. Therefore, constructing high-
lyreliable systems is an absolute requisite for
future society. Computer systems should not
only be equipped with functions to automati-
cally detect and repair their own mal-
functions, but should also be capable of
preventing the danger of a runaway com-
puter by means of malfunction prevention
devices and the aforementioned improved
machine intelligence.

6) Sophisticated function for the pro-
tection of secrets
Social computer systems will be largely

expected to serve as social utilities and thus
will have to be equipped with sophisticated
functions for the protection of secrets. These
systems will also be required to have built-in
mechanisms for preventing computer crimes
and unauthonzed use of computers.

3 Objective and image

The Fifth Generation Computer Systems
will be knowledge information processing
systems based on innovative theories and
technologies that can offer the advanced
functions cxpected to be required in the
1990’s, overcoming the technical limitations
inherent in conventional computers.

3.1 Basic concept

The Fifth Generation Computer Systems
will be knowledge information processing
systems having problem-solving funclions of
a very high level. In these systems, in-
telligence will be greatly imporved to ap-
proach that of a human being, and when
compared with conventional systems, man-
machine interface will become closer 1o the
human system. Figure 1 shows a conceptual
diagram of the Fifth Generation Computer
Systems. As shown in the figure, a powerful
problem-—solving mechanism based on pro-
blem understanding and inference functions,
knowledge bases, etc. are found between the
human system and the conventional machine
functions. In addition to that models will be
realized principally through software, and
the machine principally through hardware,
and the Fifth Generation Computer Systems
will perform the following functions as in-

- tegrated capacities;

1) Understanding of problem de-
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Fig. 1 Conceptual diagram of the fifth generation computer systems
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eration computer software system
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3.2 Constituent elements of software

system
Figure 2 shows the system configuration
image.
These constituent elements perform the

following functions:

(1) Basic software system

The basic software system forms the core
of the software system, and consists of the
three subsystems of Problem-solving and in-
ference, Knowledge base manapgement and
Intelligent interface which are the basic func-
tion of the Fifth Generation Computer Sys-
terns.

(2) Intelligent systematization support sys-
tem

The system provides the human designer
mtelligent functions to sirongly support sys-
tematization work based on the knowledge
base contents and it consists of three sub-
systems of Intellipent programming, Knowl-
edge base designing and Intelligent VLSI
designing.

(3) Intelligent utility system

This system has such functions as to en-
able the user easy of the entire computer
system and make the system highly reliable.

These include programs to support the
portahility of software and database from
other machines, user guidance functions, and
automatic inspection and repair functions

for the prevention and detection of failures.

(4) Basic knowledge base
The basic knowledge base supports the
operation of the system itself in addition to

containing the accumulated valid and uni-

versal knowledge necessary to the user. Gen-
erally, there are three iypes; the general‘
knowledge base that mainly relates to the
understanding of natural languages, the sys-
tem knowledge base related to the system
itself and the applied knowledge base con-
taining specialized knowledge for various

applications.

(5} Basic application system
The following types of basic application sys-
tems can be cited:
® Machine translation system
*  Question-answering system
s  Applied speech understanding system
¢ Applied picture and image under-
standing system
* Applied problem solving system

(6) Application systems

The following systems can be thought of
as examples of knowledge information pro-
cessing application systems:

e Intelligent CAE/CAD system(hore}

+ Intelligent CAl system

s Intelligent OA system

¢ Intelligent Robot

3.3 Configuration image of the hard-
ware system

The Fifth Generation Computer Systems

should consist of all levels, from small to

large scale machines, in order to process

diversified applications. The machines of all

{Note)
CAE: Computer Aided Engineering
CAD:  Computer Aided Design
CAL Computer Assisted Instruction
OA: Office Automation
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performance levels must have common lan-
guages as well as the following three basic
functions. The remarks in parentheses in-
dicate the correspondence with conventional
computer systems.

1} Problem -solving and inference ma-
chine (Central processing unit)

2} Knowledge base machine (Main
memary with virtual memory facilities
and file system)

Intelligent interface machine {[nput/
output channels and Input/output de-
vices)

There will be machines of several perfor-
mance levels in each of these small to large
computer systems, to permit system
configurations which emphasize any of the

several functions by application or purpose
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of use.

Figure 3 shows a configuration image of
the Fifth Generation Computer Systems.
The machines are to be structured according
to function on various new architectures,
including a data flow machine, which are
based on VLSI architecture and each systermn
is to be a combinatin of machines suitable for
various individual applications or needs.

Furthermore, from a macro configuration
point of view, having the system shown in the
figure—3 as one of the principal elements, a
multiple system form of usage where this
would be connected to a local or global
network and the whole network then be
utilized as a large-scale distributed process-
ing system, is also being envisions.
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Fig. 3 Basic configuration image of the fifth generation computer systems
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Technical Program of the International Conference on Fifth
Gereration Computer Systems

19 October (Monday)

Opening Ceremony  Chairman T, Tgjima
13:30-14:00 Declaration of Opening
T. Tejima, Executive Directar, JIPDEC
Welcome Address
Y. Shimada, President, J[PDEC
Address
R. Tanaka, Minister, International Trade and Industry

Keynote Speech
14:00-14:50 Challenge for Knowledge Information Processing Systems
T. Moto-oka, University af Tokyo

Overview Report  Chairman  T. Moto-oka
15:05-17:30 What is Required of the Fifth Generation Computer - Social Needs and its Impact
H. Karatsu, Technology Consultant
Aiming for Knowledge Information Processing Systems
K. Fuchi, Electrotechnival Laboratory { ETL)
Fifth Generation Computer Architecture
H. Aiso, Keio University

20 Qctober (Tuesday)

Knowledge Information Processing Research Plan  Chairman K. Fuchi

9:30-10:15 Problem Solving and Inference Mechanisms
K. Furukawa, ETL

10:15-11:00 Knowledge Base Mechanisms
M. Suwq, ETL

11:15-12:00 Intelligent Man-Machine Interface

Ho. Tanaka, ETL

Knowledge Information Processing Research Plan (Cont.)  Chairman Hes. Tanaka
13:30-14:15 Loglc Programming and a Dedicated High-performance Personal Computer
T. Yokoi, ETL

Invited Lecture
14:15-15:15 Innovation in Symbol Manipulation in the Fifth Generation Computer Systems
E. A. Feigenbaum, Stanford University (USA)

Invited Lectures Charman K. Fuchi
15:30-16:30 Logic Program Synthesis

W. Bibel, Die Technische Universitat Miinchen (FRG)
16:30—-17:30 The Scope of Symbolic Computation

G. Kahn, INRIA (France)
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21 October (Wednesday)

Architecture Research Plan Chairman H. Aiso

9:30-10:15 New Architectures for Inference Mechanisms

8. Uchida, ETL .
10:15-11:00 New Architecture for Knowledge Base Mecahnisms

M. Amamiya, Musashino Electrical Communication Lab. NTT
11:15-12:00 - VLSI and System Architecture - The Development of System 3G

K. Sakamura, University of Tokyo
Lunch

Architecture Research Plan (Cont.) Chairman H. Aiso
13:30-14:15 The Preliminary Research on Data Flow Machine and Data Base Machine as the
Basic Architecture of Fifth Generation Computer Systems
Hi. Tanaka, University of Tokyo

Invited Lecture .
14:15-15:15 A Congnitive Architecture for Computer Vision
B. H. McCormick, University of fllinois { USA)

Panel Discussion I
15:30-17:30 Knowledge Information Processing Chairamn XK. Fuchi
Panelists: E. A. Feigenbaum, Stanford University (USA)
W. Bibel, Die Technische Universitdt Minchen { FRG)
G. Kahn, INRIA (France)
M. Nagao, Kyoto University (Japan)
8. Osuga, University of Tokyo {Japan)
K. Furukawa, ETL (Japan)

22 October (Thursday)

Invited Lectures Chairman Hi. Tanaka

9:30-10:30 Fifth Generation Computer Architecture Analysis
P. C. Treleaven, University of Neweastle Upon Tyne (UK)
10:45-11:45 Algorithms, Architecture, and Technology

J. Allen, MIT (USA)

Panel Discussion 11
13:15-15:15 Fifth Generation Computer Architecture Chairman H. Aiso
Panelists: B. H. McCormick, University of Illinpis (USA)
P. C. Treleaven, University of Newcastle Upon Tyne (UK)
J. Allen, MIT (USA)
E. Goto, University of Tokye (Japan)
S. Uchida, ETL (Japan)
T. Uraki, Hitachi {Japan)

Panel Discossion TIL
15:30-17:30 Impact of Fifth Generation Computer Systems Chairman 7. Moto-oka
Panelists: J—L Lians, INRIA (France)}
N. Szyperski, G. M. D. (FRG)
C. Read, Inter-Bank Research Qrganization (UK)
P. J. Riganati, National Bureau of Standards (USA)
S. Okamatsu, MITI ( Japan)
1. Toda, Yokasuka Electrical Communication Lab., NTT {Japan)
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International Conference on Fifth Generation Computer
Systems, Panel Discussion I11

Impact of Fifth Generation Computer Systems

OCT. 22,1881

Chairman: T. Moto-oka, University of Tokyo {Japan)
Panelists; J-L Lions. INRIA {France}

N. Szyperski. G. M. D. (FRG)

C. Read, Inter-Bank Research Organization (UK}

P. J. Riganati. NBS {USA)

S. Okamatsu, MITI {Japan)
I. Toda, Yokosuka Electrical Communication Lab. NTT (Japan}

Moto-oka: Now let us open the last session.
To begin with, [ would like to introeduce the
panclists. From right to left, Mr. C. Read.
Mr. Read is director of IBRO, a rescarch
organization jointly owned by the major
British banks. His background is social scie-
nce and economics and he has been doing
research on the use of information tech-
nology in management sciences and other
applications. He is also involved with num-
erous government committees and is an ad-
viser on information technology to Prime
Minister Thatcher.

Next to Mr. Read is Professor Lions from
France. Professor Lions is a member of the
Academy of Science in Paris, a professor at
the college de France, president of INRIA,
and secretary-general of the International
Mathematical Union. Next to him is Dr.
Riganati from the U.S. Dr. Riganati is div-
ision chief of the Institute of Computer Scie-
nce and Technology (ICST) of the U.S. Nati-
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onal Bureaw of Standards.

ICST is the division responsible for re-
search and development of government-
related computers. Dr. Riganati has had a
varied career. He worked for Rockwell In-
ternational, GE and IBM and teaches college
graduate courses. Next is Mr. Szypersky
from Germany. Mr. Szypersky is now chair-
man of GMD, the society of mathematics
and data processing. An expert in economics
and business administration, he has been
doing research on computer applications in
these fields. Mr. Szypersky is also professor
of planning theery at Cologne University.
Next to him is Dr. Toda from Japan. Dr.
Toda is now data communication research
division manager at the Yokosuka Electrical
Communications Laboratory of the Nippon
Telegraph & Telephone Public Corporation
{NTT). He has been involved in computer-
related work ever since graduating from col-

lege. At present, he is supervising the de-




velopment of a network architecture called
DCNA which is being conducted under the
leadership of NTT. Last is Mr. Okamatsu.
Mr. Okamatsu is director of the electronics
policy department at the Machinery and
Information Industiries Bureau of the Mi-
nistry of International Trade and Industry.
The Ministry is, as it were, sponsor of this
project. The subject we are going to discuss is
“Impacts of the Fifth Generation Computer
System.” Since this is the last session, I hope
the panelists will discuss all aspects of this
project as well as the immediate subject.
Now, Mr. Read would you please lead off?

Read: Thank you, Mr Chairman. 1 should
perhaps first make clear that these are my
personal vicm;vs and not my colleagues’ in the
UK, nor Mrs Thatcher's. I am speaking as a
user of this technology and, unlike most of
you, I am not an engineer.

Every technology development can be
used to produce good and it can equally be
used to produce evil. That is exactly what has
happencd in the past. Gunpowder can be
used to make pretty patierns in the sky, and
it can be used to kill people. Motor cars
provide many benefits, but they pollute and
jam our cities making them most unpleasant
places for people to live in. And they con-
sume scarce energy. If we had foreseen the
undesirable effects of motor cars; do you
think we would have followed the policies
which we did in fact adopt?

Information technology is no exception.
In fact, it is a more extreme case. So far, new
technologies have largely affected only our
physical environment. Now we have the abil-
ity to affect our mental environment, and to

make radical changes in the structure of
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society and the quality of individual lives.
Even with information technology at its pre-
sent state of development, there are already
many problems. [ would like to summarize
some which I think most important.

I Extensive bureaucratic use of infor-
mation about people, by government and
by companies, threatens not just the priv-
acy of individual citizens, but their li-
berty. New laws have been enacted to
deal with this in many countries, but I
would like to remind you that those laws
do not concern themselves very much

~ with the technology of how it is done.
Their purpose is to control what is done,
who should be allowed to do it, and for
what purposes. And they are about the
right of individual citizens to know who
is doing what with the information about
them.

2 Information technology makes possible
very efficient control and surveillance.
Improving the efficiency of police and
other investigators, including those from
financial institutions can reach a level of
efficiency that is very dangerous. [ am in
favour of a certain amount of deliberately
engineered burcaucratic in efficiency. It is
the best protection of my liberty that I
know about.

3 Information technology is changing the
role of traditional institutions, and de-
stroying the value of specialist know-
how, by providing the know-how to ever-
yome. It is destroying the need for many
forms of intermediation, by providing
direct contact between original buyer and
seller, for example,

4 The labour required for many of the
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functions to be performed, given infor-
mation technology, is radically changed
both in quantity and in structure. In most
parts of the world, the unempioyment
threat is very real. And no-one knows of a
satisfactory solution. When labour mig-
rated from agriculture as a result of tech-
nical invention, it was able to go to man-
ufacture. When it migrates from man-
ufacturing with improved efficiency there,
it goes into the service industries. Now,
we are beginning to apply technology to
the service industries, and if labour is
taken out from there, there is nowhere for
it to go. What will be the result? Will we
manage that suceessfully? Will society
perhaps become polarised, so that there
are highly trained experts working very
hard, while less able people have nothing
to do? Or shall we arrangc things
differently so that we all work a four or
three day weck? Do we have the right
physical facilities for working a four and
three day week? I wonder how popular a
four day week would be in Japan?

5 Information technology has made many

changes in powerstructures. For exam-
ple, automation in banking has given
industrial power to labour unions so now
we have bank strikes. This did not hap-
pen before because non-automated sys-
tems were not so easily distupted by the

withdrawal of labour.

The big lessons from the past, it seems to
me, are these: Allowing ourselves to be led by
technology and by the unthinking en-
thusiasm of its engineers is very unwise. We
have to choese the kind of society we want,

and to give guidance to the engineers on
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what uses we do and do not want to make of
the new technology. | agrec strongly with
Professor Feigenbaum: that it is needs we
should look to, not opportunities. Many
opportunities are evil.

Making those choices for society, in my
opinion, cannot be left to economists and
market forces. Least cost solutions, or max-
imum productivity are not desirable in them-
selves. Indeed they are often very harmful. In
assessing the quality of life, there are many
other matters to be taken into account. These
matters have no price tag. And therefore they
do not exist in the minds of economists and
accountants who, in my view, have done
more damage to society in the past few
decades than any other professions.

High productivity and least cost criteria
have led to many undesirable effects already,
even without betier technology. For exam-
ple, the combination of self-service shopping
and banking plus the motor car as a means of
getting to the self-service location, leads to a
point where you can do all that you need to
do without speaking to a single human being.
This process is assisted by information distri-
bution via television and radio where again
there is no need to speak to a human being.
Social interaction is being climinated. The
result is that people are isolated and lonely.
And this is a most undesirable condition for
most people. But do they have the choice to
pay for a higher cost solution that would be
socially more desirable? The answer to that
question in most cases is “No™.

I find it sad that these unwise, undesirable
and narrow economic views are included in
the social objectives for the fifth generation
computer system. | would like to suggest that
the opposite view could be taken and should




be taken. If the fifth generation does all that
is haped for, it will make it possible for us to
make proper use of nen-numeric infor-
mation. Many speeches have explained how
this is hoped to be achieved. If we can do
that, then we can use qualitative value judg-
ments in our decision making, and we can at
last counteract the false high value currently
placed on numeric data, and the false truths
contained in many economic doctrines. 1f
that could be done, that alone would justify
the fifth generation computer. T believe that
would be the intellectual and technical de-
velopment that could have the greatest
benefit to sociely, by improving the quality
of decision making, particularly by our
governments.

The third lesson [ would draw from the
past is this-and other speeches have referred
to it. Often the greatest benefit from the
application of information technology to
human and organisation problems has come
from the discipline which it imposes. We
have had to clean and organise our data, our
procedures and our objectives. In many
cases, 90%, of the benefit could have been
achieved without actually buying the com-
puter or writing a single line of code. This
will also apply in the same way to non-
numeric data and to the associated in-
tellectual concepts. Indeed, it could be even
more beneficial. We must convince the world
that the fifth generation machine can be a
reality before it is fully engineered and we
must get everyone to work upon disciplining
their non-numeric knowledge to achieve
these splendid benefits which can be realised
no matter what form the fifth generation
machine finally takes.

The fifth generation system, if realised, will
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indeed give us greater potential for good and,

equally, greater potential for evil than we"
have ever had before, It is therefore essential,

in my opinion, to begin work now, and in

parallel with the engineering research, on the

social engineering which must accompany it,

Social objectives must be set in clear, specific

and well-defined areas, not in general ‘moth-

erhood’ statements that no-one can disagree

with, Priorities must be determined among

social needs. The wide opportunities must be

reviewed and a choice must be made of
which areas to work on in the light of what

we want to do to society. New laws and

regulations to control and to ensure the

beneficial use of the technology, and the

beneficial use of our telecommunication sys-

tems need to be established quickly.

As many people have already pointed oul,
work on organising the information to be
used in expert systems must be started at
once, or we may find we have the technical
tools and no organised information to work
on. Equally, work must be started now on
how to change the education of manage-
ment, of doctors, of lawyers and of all other
professionals, including government officials,
so that they might learn how best to use the
new tools and the new approaches to better
quality decision making which they will fa-
cilitate.

I would like to suggest another concept for
study. I wish to introduce the term ‘in-expert
systems’. Half of the population of the world
is below average ability and, in many coun-
tries, the average ability, unlike Japan, is not
very great. Information technology can be
used to devise many simple jobs each within
the limited capabitity of such people and
structured within a system which can bring
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together each of their small contributions to
make an effective joint effort in a complex
task and creating at the same time a social
environment of working together. Since
hardware is becoming cheap and powerful, it
could be extensively used to make jobs
people-shaped. Isn't that a better idea than
causing unemployment? And isn’t that more
likcly to fit the needs of the third world
countries? 1 have done this once in the Mid-
dle East, where available clerical labour was
of poor quality. It worked well although the
hardware and software were very expensive
then. With present technology, and par-
ticularly with the fifth generation, I believe
the future for in-expert systems could be very
bright. You can see a parallel to this in other
technologies. For example more good has
been done to medical health in this world by
the simple engineering of water supplies and
sewage than by all of the high technology
used in surgical operations.

Isn’t this the sort of thing that senior
politicians might like to hear this week at the
Cancun conference? 1 am pleading for the
more responsible and more appropriate use
of the technology.

1 would conclude by saying this. If only the
engineering work on the fifth generation sys-
tem goes ahead, I personally have grave
reservations about the desirability of that
plan. Bat if, in addition to this engineering
work parallel studies are undertaken of the
uses to which the new technology could and
should be put, I could support the whole
project most enthusiastically.

Thank you gentlemen.

Lions: I speak here on an individual basis,
and T am not expressing any official views. |
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am sure to express the views of all French
participants in thanking our Japanese hosts
for their splendid organization of this meet-
ing. Now I am here in a rather strange
situation, part of my work has been on
numerical analysis and here 1 hear of non-
numerical knowledge and I am secretary-
general of the International Mathematical
Union and I hear many implicit criticisms on
the possible danger of using too much
mathematics. But nevertheless, 1 must say
that I entirely agree with most of the ideas
and goals of the fifth generation project.
Concerning the topics of this afternoon sess-
ion, i.e. the impacl of the fifth generation
project, 1 would like to confine myself to six
simple remarks.

First a remark on the scientific impact.
This is maybe something which has not been
emphasized enough, in my opinion. Assum-
ing that this project is successful, and cer-
tainly at least some parts will be successtul
and extremely interesting, it seems to me that
this is going to have a very important impact,
maybe a fundemantal one, on all sciences:
chemistry, biclogy, and to speak on things
which I kniow better, very difficult problems
like turbulence, combustion. This project can

have a very strong impact on fundamental

basic research.
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Second remark: how to find experts. This
is not a criticism, but a remark which has
already been made: how are you going to
find the experts? I would like to remark that
when you start having such ambitious and
appealing projects, certainly this is going to
motivate young people to work along these
lines and certainly this will be a part of the
solution of finding experts. Young people are
to be motivated by a huge project, it seems to




me, a very appealing one, very ambitious. |
think this is very interesting for young
people. (and for older people as well').

Remark three. Training and edwcation. I
am wondering if this is something which has
been studied in Japan, and I would be very
interested to hear some comments on that: it
is obvious that such an important project,
even if only partly successful, well have an
cxtremely important impact on high schools
and the teaching of children. After all, child-
ren who are ten now will be twenty at the end
of this project, so maybe one should start
thinking about them now. And 1 would be
curious to know if there has already been
something done in this country along these
lines and what conclusions or preliminary
conclusions vou have.

Remark four. (The only part where I am
criticizing the approach.) It seems to me that
the users have not been consulted enough,
But maybe this impression is due to the fact
that I am vcry} far from grasping all parts of
this project and maybe consuitations have
taken place.

Fifth remark, on the international aspects
(some of the previous remarks are also valid
on an international basis. For example, the
first remark of the scientific impact is cer-
tainly not national but completely in-
ternational). It is clear that the impact of this
project will be international, it will have an
international visibility, so it will motivate
young people and maybe new projects will
start, and therefore it can certainly motivate
cooperalion on some of the basic aspects of
the project.

Sixth and last remark. This is more a
question: if cooperation is achieved between
a given country and Japan, at this point it is
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not clear to me whether the whole results of
the Japanese programs will be available to
this country. And also what will be the
situation when we come down to maybe pre-
industrial developments? This is a question ’
which we will have to consider at one stage
or the other. Thank you Mr. Chairman.

Moto-oka: Dr. Riganati, please.

Riganati: Thank you Mr. Chairman. I
would also like to join my colleagues in
thanking the organizers of this conference
for this rare opportunity to comment at the
planning stage of 2 major new project. 1 hope
that the comments by foreign workers will be
taken constructively and will lay a good
foundation for similar cooperation in the
future. I would also like to say that since,
during this conference, it has been announ-
ced that Dr. Fukui has won the Nobel prize
in Chemistry, I’'m sure that 1 speak for all of
the foreign participants in congratulating
Dr. Fukui and Japan for this outstanding
work which is recognized by this prize.

My observations and comments are div-
ided into three parts. First, since FGCS
appears to me to be a rather grand theme or
movement for the “informationalization” of
soctety, I simply can’t resist making light or
amateur philosophical observations. Second,
I have some comments on the social impact
of FGCS including some brief comparisons
between the United States and Japan, Third,
I'll discuss some specific suggestions for the
future conduct of FGCS.

The “philosophical'' observations

The first point relates to a set of theorems
with which I'm sure many of you are fam-

iliar. They originated in the early 1930’s with

Jipdac Report No. 49



the work of Kurt Godel and Alfred Tarski.
Briefly stated, in any axiomatic system at
least as complicated as elementary arith-
metic: 1) there can always be statements
which can neither be proved nor disproved,
which are neither true nor false, or which
may in fact be both; 2) true assertions can be
expressed which cannot be deduced from the
axioms; and 3) the axioms cannot be shown
in advance to be without internal contradic-
tions. For example, an infinite recursion,
which has been discussed in many contexis,
is illustrated by the statement: “‘I am a liar”.
This statement is neither true nor false. Per-
haps it is both. Perhaps our reasoning and
logic processes are simply incapable of re-
asolving this statement. Jacob Bronowski in
a very readable article in the American Scien-
tist (Spring 1966) summarized this concept in
an article called “The Logic of the Mind.”*
He says: “In short a logical system which has
any richness can never be complete yet can-
not be guaranteed to be consistent”. I think
the design of FGCS should bear in mind
these concepts, especially as they are de-
veloped by Dr. Bronowski in this article.
The second point relates to analogy and
symmetry. These are two very powerful pro-
cedures for human reasoning. T quite agree
with Professor McCormick that the biologi-
cal world provides keen insight for us in
exploring possible solutions to very complex
knowledge-based problems. While man does
not fiy by building machines that flap wings,
we ignore these biological solutions at our
own peril. The fact that the number of ele-
ments in large computer networks is today
on the order of magnitude of the number of
elements of the human brain, is a very

significant statement. If we look to the
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notion of symmetry in the biclogical world,
we find the right brain-left brain duality. In
fact, there arc those who cenjecture that the
inspirational, or the inference mechanism
has something to do with the synchroni-
zation between the left brain and the right
brain. This is the “Ah hah!” “Now I under-
stand” reflex. Perhaps we should look to this
notion for architectuval symmetry and
perhaps take into account the symmetries
which nature has found so useful. As a very
light aside, a science fiction novel, by Robert
Heinlein, called the Moon is @ Harsh Mistress
discusses the concept of a computer which
occupies most of the surface, or the under-
surface, of the moon, suddenly waking up
and becoming aware of itself.

I would like to pose, perhaps as a rhetori-
cal guestion for Professor McCormick or
others, the following notion: if we build
sensors for computers which are similar to
biclogical sensors, perhaps we're talking
about, in the seventh generation or beyend,
the concept of real computer vision, wherc a
computer, using biological sensors, can have
vision very similar to what we find in the
biological world!!

The third briel “philosophical” obser-
vation relates to the fact that, on this carth of
ours, there are approximately 3,500 natural
languages. There are those who think that we
in the computer sciences are very intent on

creating at least that number of artificial

*The Phi Beta Kappa-Sigma Xi Lecture,
delivered to the American Association for
the Advancement of Science at Berkeley,
California, December 29, 1965. Reprinted in
the book The Identity of Man by Jacob

Bronowski.




languages! On this concept, written some 400
years ago, the essays of Michel de Montaigne
relate some very interesting and apparently
timeless truths.

The fourth and last philosophical point is
retated to the nature of ambiguity. Am-
biguity is a fundamental concept which is
important to the entire theme of Fifth Gen-
eration Computer Systems. Information, of
course, is the property of an element in set,
that is, in context. The continuity between
prose, poetry, and music and the richness
that we find in that progression owes, in part,
its significance fo increasing ambiquity.
Leonard Bernstein in a sixpart lecture on
“Whither Music™, some five or six years ago,
discussed this concept from the point of view
of music and meaning. Today we can create
computers which can synthesize music by
rule. Tomorrow, if the Fifth Generation
Computer System realizes its lofty goals,
perhaps we will have computers which can
compose creative music whose structure of
ambiguity is exquisitely tuned in ways we
have never heard before. A classic book
which discusses these notions in the literary
context is William Empson’s Seven Types of
Ambiguity.

Comiments on Social Impact of FGCS

The influence of social values on the im-
pact of FGCS cannot be underestimated.
The concept of the fifth generation and
bevond systems, is not restricted by national
boundaries. This conference is an attempt to
focus the effort in Japan. In the United
States, the desire for FGCS-like systems is no
less intense but the methods are very
different. The U.S. House of Repre-
sentatives, Science and Technology Com-
miltee, for example, recently asked for a
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twenty year look ahead from our Institute
concerning the directions in which the infor-
mation society is likely to procede. Many
such forecasts cxist. They will go to very
different uses in the United States than in
Japan because there arc some fundamental
differences in our respective society’s values,
I would like to quote Dir. Lewis Branscomb,
who was formerly Director of the National
Bureau of Standards and is currently vice-
president and chief scientist of IBM, in a
lecture he gave at NBS, on its eightieth
anniversary this year: “The number of lawy-
ers in the city of Boston is approximately
equal to the number of lawyers in the entire
country of Japan.” This illustrates one fun-
damental difference in the nature of the focus
of the two societies. The effects of such social
values on the impact of fifth generation sys-
tems will be very different.

The second point relates to the influence of
population distribution. Historically, civiliz-
ation has developed along transportation
routes—in early Italy along the Po river
valley; in California, along freeways; in
Japan, from what I can cbserve in Tokyo,
there 1s no discernable pattern to me as a
foreigner, but 1 suspect outside the city the
transporation routes play a key role in where
people live. If aspects of FGCS related to
personal computers and networking, es-
pecially large distributed networking, are
sucgessful, the concept of cottage industries
may actually see a significant rebirth worl-
dwide. The change in lifestyle which will
result is something that those of us sitting in
this room teday, will find as difficult to
imagine as the city factory was to those who
worked in isolated farm houses before the

industrial revolution.
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The privacy issue in the United States has
been for some time extremely important. We
have legislation and we have specific enforce-
ment procedures. I understand that it is
currently a significant issue in France and in
much of Europe and is becoming an issuve in
Japan. Information access is power. The re-
alization of FGCS will certainly transform
society in unexpected ways. The issues of
privacy, security, transborder data flows in-
formation exchange between countries, are
key issues that FGCS will face head on if it
comes close to being successful.

My final point on social impacts deals with
population characterization. In the United
States in the 1970's, there was a popular
book. The title was Working by an author
named Studs Terkel. What he did was in-
terview many people in a wide range of
professions, in some detail. His book tells
their story the way they tell it about what
they do. For many of us living in the United
States, that book contains much new infor-
mation, even though we thought we knew
what a steelworker did or what a cab driver
did, and what he thought of himself. It turns
out for me, I had no idea. I don’t know if the
comparable literature exists in Japan, and I
simply pose a question. Do the planners of
this FGCS project have the bottom up know-
ledge of the society which they are going to
transform by this “informationalization™?

Suggestions for proceeding with the de-
velopment of FGCS

Now we come Lo some specific suggestions
for FGCS. The first one relates to the open
systems interconnection reference model. T
believe I will take just a very quick aside to
explain this model. The International Stan-

dards Organization (ISQ) has been woerking
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for some two years or so to develop a model
for open systems interconnection. This is a
functional hierarchy consisting of seven
layers beginning with the physical layer. For
those of you familar, on the right, in the
figure, are some of the existing protocols.
Above the physical layer are the link layer,
and the network, transport, session, pre-
sentation and application layers. An open
system is one which can communicate with
any other open system. Historically, the
structure has been to think of the basic
communications protocol and to build on
top of them such things as a file transfer
protocol, a virtual terminal protocol,
graphics, or whatever special applications
vou have in mind. The notion of ‘open sys-
tem’ leads to separating out functionally
what is common to these, and to creating
functional layers as high up in the appli-
cation as you can possibly ga. The transport
layer, session layer, and others that are
shown here.

This concept has been developed from the
telecommunications point of view. Proposals
exist currently to extend this model which
takes into account viewpoints from storage
and retrieval, process transaction, resource
management, information representation
and systems management. My suggestion
here—and I am /vare of Professor Moto-
oka’s leading role in CCITT, but I would like
to emphasize it as a very important point—is
that FGCS staff should interact closely with
this international effort and should think of
it as an integral part of the FGCS project.

The second point relates to the man-
machine interface and specifically to image
and speech 1/O. Everyone who works in the
field of input/output related to image pro-




cessing or speech processing must create a
data base. However, if many researchers
worldwide are to work and compare algor-
ithms and procedures carefully, what is
needed is a large well characrerized, widely
available data basc. Many data bases exist
but few satisfy all the conditions. In Japan
the PIPS project created data bases which
had some of these characteristics. Time vary-
ing imagery, multiple languages, the Jap-
anese language, and many other examples, in
my opinion, have not been adequately cov-
ered. T suggest the FGCS staff should work
for international agreement for formated
data bases which would be used for man-
machine I/0Q algorithms, so that the max-
imum number of researchers can bring their
efforts to bear on these problems.

This next point is one which has been
discussed many different ways. It was sug-
gested to me early in this conference by my
colleague Dr. Russell Kirsch. The question
is: is this FGCS project, as currently con-
ceived, too broad? Or too narrow? We've
heard many comments that it is too broad.
But that judgement cannot be made inde-
pendent of resources. Does the project intend
to pursue basic research in neural science,
physiology, cognitive sciences, linguistics,
etc.? And how will the resources by focused?
There is a critical need for FGCS planners to
carefully consider the tradeofls between en-
gineering judgement and scientific curiousity.
I personally think the notion of motivating
society to pursue these basic areas is an
excellent one. We learn in science as much or
more from failures as we do from successes.
Certainly FGCS will have significant suc-
cesses if it is well designed. Tt will also have
significant failures from which much also will
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be learned. If this dialogue that we have
begun this week is to continue, I suggest 1)
that a formal list of what FGCS is not, from
the point of view of the planners, might be
compiled; 2) that the detailed rational for the
choices {on which we have had excellent
discussion in the question and answer scss-
ions) be formalized and distributed to atten-
dees for careful written critique; and 3) that
the entire set be published for worldwide
distribution. This would continue the theme
of openness which was begun here.

The last suggestion is in agreement with
Dr. Sakamura who, in his clear and insight-
ful presentation, stressed the need to not
separate hardware and software at the early
stages, and to develop uniform and standar-
dized interfaces. 1 would like to state that,
from my experience, those statements are
extremely true. Thank you very much Mr.
Chairman.
Moito-oka: Thank you, Your turn, Mr.
Szyperski.

Szyperski: 1 don’t think I have to say that
I'm just speaking on my own and in my own
right. Anyhow ['m sitting on the other side
with my Japanese friends so its hard to say
on whose behaif I'm speaking.

Now I'm still puzzling a little bit over what
the role could be we are supposed to play
right now. Being a viewer requires more
detailed information as to your procesdings
as well as your goals. On the other hand 1
think it is worthwhile to take up your chal-
lenge and try to respond to some of your
FGCS ideas. 1 will do that in light of my
personal impressions and the changing world
I can see around me.
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Let me make first some introductory re-
marks. I think the name fifth generation
computer systems is a very good marketing
idea, because it is not too far away [rom what
was called the third generation, and it is open
enough for anything which might be in bet-
ween and it should be clear that there is
nothing like the fifth generation going to
appear before 1990. And that of course is a
very good approach. So what [ learned in the
meantime is that the project really is a mix-
ture of a program, a project, and what I
would like to call a philosophy of techno-
logical changes within that special field. I
am really impressed by the way you have
presented it. I'm not fully convinced by all
of the design assumptions that have been
outlined. And [ think that i1s because it is
not just a question of running a project.

On the other hand, I can’t belicve that the
Japanese information technology indusiry
will wait ten years to bring out challenging
products and systems. I believe that the am-
bitious goals and objectives cvident in your
project, show what is already in the in-
dustrial development stage. And so that's
very interesting too. That’s a very good mar-
keting approach, and in any case it gives us
guite an idea of what’s going on in the
industrial research and development work.

So I'would say that FGCS is not only a big
venture, but in other respects, might be
something like big business, too. So 1 think
talking about international cooperation,
about relations in the first or second stage, or
even the third stage, asks really for special
rules as to, how to handle such cooperation.
There are many examples around us, where
international cooperation in the research

world was really accomplished. We can look
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at space research, we can look into other
areas, and we can see that there are not only
international relations between universities,
and research orgamizations, but of course
between international industries and com-
panies, t0o. Let me come to some maybe
more basic observations and responses.

As [ understood your program, there are
actually four different, very interesting areas
you would like to strive for. First, there is
VLSI CAD. Then, second, the area of com-
puter architecture related to the special con-
ditions and requirements and programming
rules. Third, the idea of knowledge-base in-
formation, and fourth, the multi-media in-
telligence interfaces. Now could we go over
these four subsets and ask what is the impact
on the academic world, on the professional
world, industry, economy, the social world,
politics, and of course on the individual. I
won’t be able to do that in ten minutes, but [
would like to pick out some aspects. Looking
at the academic world, [ think that your
project has a direct influence, of course,
on . .. admissions and on computer science
and what surrounds it. But there are also
many indirect aspects of what was mentioned
right here on such fields as cognition, linguis-
tics, and psychology. And the question really
is, can we se¢ academic development and the
development in science in isolation or in
waves. And in some particular way stimu-
lated and promoted by one or the other
disciplines. Physics promoted for quite a
while many aspects of many other sciences.
And I can see thal computer science 15 now
doing projects and programs similar to that.

On the other hand, locking into the pro-
fessional areas, I think we have to ask what is

a cognitive style and what are the attitudes of




professionals in different professions? Are
they open to help? Arc they ready to get
some help? Would they like to have some
help?

I think it was brought up at the very outset
of the conference that raising the quality of
the less qualified and less developed pro-
fessionals is a necessity in a developing soci-
ety, And [ would say that, without trained
and qualified professionals, we won't solve
the problems of the poor in the world either.
So the North/South dialogue is not just a
dialogue with peoples trying to become equal

again 1n the sense that we try to meet at the

poorest level. I think we have a duty to try to
use our capacity in order to do that. But let’s
see at what professional level special schemes
for adapting technologies and adapting tech-
niques are necessary in order to meet the
given conditions in various cultures. And
that I think is the main task, and T feel that
the tools that are being developed or planned
here are flexible enough to meet these con-
ditions.

On the other hand, of course, instruments
are only as good as the people using them, so
we have to train ourselves in order to adapt
to the real conditions.

Looking into the industries, you will find
that developments like your fifth generation
computer systems are really asking for chan-
ges in the way products are sold. I think
that’s a basic idea of systems selling, which is
now quite a problem in many other areas of
our industries, and will be more and more of
a problem in the computer indusiry too.
That means, not only hardware and software
training, but knowledge basis and progress

diffusion. Differcnt fields of engineering and -

the supply of hard and software to go with it
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must be realized, like you find it in many
industries today. Now if this is true, you will
find
differentiation within the information, tech-

in our ecomomies of course more

nological and technical markets.

I want to try to put my thinking on the
social world, and I guess you can say that
there will be many questions and we have to
pay more attention to the social aspects of
changing technologies. Especially thosc as-
pects corresponding to our current policies. T
think the conflict between innovation on one
side and contribution to global problems on
the other is really a striking problem. It is
very hard for politicians to find the right way
for getting more innovation within their own
country and trying to have a better support
and a belter contribution for what is really
asked for.

On the other hand, you won’t be able to do
that, without same type of strategic analysis
as far as your own national situation is
concerned. So asking what the basic pos-
itions are, you have to look at the resources
and you have to ask what are the natural
resources . . . what are the human resources,
what are the financial resources, and in gen-
eral, what are the information resources we
can make use of within our nations? And
asking that question of my own country
West Germany, [ find the answer is not too
different from your situation. Qur main re-
sources are not natural resources either, but
mostly information resources.

So in order Lo go through impact analysis
not as I did it, but in a much broader sense,
we have Lo reason why we don’t have nun-
erous choices to pursue in one way or the
other. I am not talking about such questions

as what is thc right architecture, what is the
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best language? I don't think that is the main
problem. The main problem of the project is,
as far as I can see it, that there is a national
need to cooperate and to bring together a
variety of manpowers and resources, and
there are different ways to do it. Of course,
the centralized plan way might work, and the
market way might work, as it works in our
country. So the wise use of marketing powers
and the risk of more planning might help
overcome problems we have to face, and if [
take the European and German position, 1
would say we have to accept your new chal-
lenge. T would say that our position is not too
bad. Some will say it is so bad that we should
not try to work in this field anymore, but 1
dan’t beligve that. Among the groups work-
ing around the world right now no single one
will finally succeed on its own. Cooperation
at the international level is a matter of
course. And that is not too bad a position.
Rather 1 would say it is convenient to live
with.

Now regarding the expectations associated
~ with the development, | won't try to repeat
what you brought up in the very beginning in
the first or the second papers that were
presented ﬁere. Let me finally say, I would
like to congratulate you for your openness,
and the wisdom for talking about these pro-
blems so openly. It is helpful for you and 1
think it is helpful for all of us attending the
conference. Thank you so much.
much.

Moto-oka: Thank you. T would like Dr.
Toda to speak next.

Toda;

be present at this session.

Thank you. It is a privilege for me to
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The fifth generation computer system pro-
ject is a very important and ambitious one. [
feel it is most important that we spare no
efforts in making it a success and thus add a
new page to computer history. | would like
to take this opportunity to comment on the
project from two standpoints. One concerns
our philosophy or policy on FGCS and the
other, the management of FGCS.

First, I would like to look back on the
evolution of computers. This slide shows the
evolution of computers as viewed from a
functional standpoint. As you know, the first
computers did nothing but compute. Sub-
sequently EDVAC and EDSAC appeared,
bringing with them the concepts of memory
and programs. Some time later computers
were equipped with a communications cap-
ability to meet online processing and TSS§
requirements.

Computers these days have come to have
some perceptive capability thanks to charac-
ter recognition, voice recognition and sensor
technologies.

The question is what kind of capability
should the computer be given next. Many
keywords are being talked about, such as
understanding, inference, learning, judge-
ment, and imagination. As I see it, a charac-
teristic of the fifth generation computer pro-
ject is that it points out rather explicitly that
inference is the next capability which must be
built into the computer.

There are two sides to computer structure:
architecture and hardware technology, that
is, component and packaging technology.
Over the years computer components have
evolved from vacuum tubes te transistors,
ICs, L3Is and VLSIs. As you know, we are
now on the threshold of the VLST age. Ar-




chitecture is determined by the trade-off bet-
ween computer functions and hardware tech-
nology and has a very close bearing on the
evolution of the two.

I feel there is a major difference between
the evalution of computer functions and that
of component technology as shown here.
Computer functions have evolved by accu-
mulation, whereas components evolved by
successive gencrations, replacing their prede-
CESSOIS.

New computer functions have been in-
troduced one after another, but this does not
mean that the old functions disappcared.
There has been an evolving coexistence of
ald and new functions. By contrast, com-
ponent technology has evolved by replace-
ment: for example, the advent of transistors
made vacuum tubes almost completely ob-
solete.

The fifth generation computer system pro-
ject as I understand it will center around
research on inference mechanisms. While the
importance of that research is quite obvious,
I think it is also of vital importance to do
research on how to achieve such capabilities
as a whole using VLSIs working on the basis
that they should naturally be components in
the fifth generation computer. My second
comment concerns the question of whether
the fifth generation computer system should
be general-purpose or application-specific.
Current computer applications can be broa-
dly divided into information processing,
communications, and control. Control appli-
cations in particular have been quickly
spreading into all industrial ficlds since the
development of microcomputers. There are
numerous possible impacts of the fifth gen-
gration computer system, but T would like to
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concentrate on the introduction of inference
capability. It is a foregone conclusion that
inference capability will be applied to the
information processing field, but as has been
discussed from the beginning of this con-
ference, inference capability is also expected
to greatly help various professional peaple to
use computer systems as extensions of their
expertise. Toward this end, T think it is
important for experts in different fields to
combine their efforts to build numerous ex-
pert systems. In the area of communication,
inference capability will play a role so-
mewhat similar to the “inexpert system”
mentioned by Mr. Read a little while ago. I
think it will be effective in improving man-
machine interfaces.

Inference capability will also be related to
a very wide range of industrial fields. 1 have
the impression that the biggest objective of
the fifth generation computer project may be
to achieve a general-purpose inference mech-
anism, suitable for such a wide range of
applications. From my experience, I think it
is extremely difficult to try to design a
general-purpose machine from the outset in
an area where there 1s not an adequate accu-
mulation of experience. On the other hand, I
do not think it is a good approach to build
different machines independent of each
other, Given that it 15 necessary to proceed
bearing in mind the eventual need to develop
a universal machine, it would seem practical
to devote efforts to developing application-
specific systems for the immediate future.

From this process, the framework for a
general purpose machine will gradually em-
erge. I think this may be the right approach
to follow.

Now I would like to touch on the manage-
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ment of the project. From the point of view
of project management, the fifth generation
computer project i1s of tremendous size in
terms of cost, personnel, and range of re-
search subjects. Second, it has an awful lot of
basic-research elements. Third, it is an in-
ternational project as can be seen from the
variety of nationalities represented here.
These are the major characteristics of the
project from the standpoint of project
management.

In this light, it would seem necessary to
consider making preparations for technical
transfer in advance. As I said a little while
apo, the computer is a tool for man to use,
and adding inference capability should ex-
pand the range of its applications quickly.

To commercialize the results of basic re-
search will require more than ten times as
much eftfort as the basic research, though it
will be functionally different. Accordingly,
for rapid feed back to society of the results of
research into the fifth generation computer
project, it will be necessary to ensure that the
widest possible range of interested people
have casy access to the rescarch results.

The next point [ would like to make is that
a flexible research setup must be cohstructed.
Since the project will continue for as long as
ten years, its nature as defined at the outset
will have changed by the time it ends.

For example, the first part of the project,
which will place enphasis on feasibility stud-
ies and the like, will require divergent
management because many alternatives will
be developed in parailel. Conversely, the
latter part of the project will need convergent
management since it will involve developing
selected alternatives on a priority basis.

There will be a need for a management setup
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of coping with these changes in project re-
sults and nature.

The development of an inference system in
general and its evaluation in particular will
require the cooperation of many experts in
various fields.

The cooperation of experts in diverse in-
dustrial fields will be also vital to the de-
velopment of the “inexpert system” men-
tioned earlier. To proceed with the fifth gen-
eration computer project, it will be impe-
rative that computer experts in government,
universities, and industry cooperate closely,
but I think it will also be essential Lo create
an environment which will encourage non-
computer experts as well to cooperate will-
ingly in the project. I also think that ensuring
smooth international cooperation is a major
challenge from the standpoint of project
management. As I see it, the fifth generation
computer project is ambitious and challeng-
ing in terms of technological objectives.
From the standpoint of R&D program
management also, it presents us with many
entirely new challenges. I hope that through
the fifth generation computer project we will
gain not only technological knowledge but
plenty of new and valuable experience in
R&D management techniques. Thank you.

Thank you. NMow, Mr, Okam-
alsu, your turn,

Moto-oka:

Okamatsu: [ am from the Ministry of In-
ternational Trade and Industry (MITI).
Perhaps some policy makers should have
been present at some of the earlier sessions,
but since the subjects discussed at these sess-
ions were too complex and technical for the

likes of us, [ am participating only in this




panel discussion. On behalf of MITI as pro-
moter of this project, I wish to express our
sincere appreciation for the tremendous par-
ticipation from overseas in this international
symposium on fifth generation computers.
As you will have no doubt understood from
the four days of discussions including today,
the fifth generalion computer project is
aimed at exploring various possibilities and
developing concepts which will have impor-
tant impacts on the computer systems of the
future.

In this sense, this symposium tnay have
been a slight disappointment to those who
participated in it with the hope that it would
provide clear-cut answers lo the question of
the nature of the fifth generation computer
system. The aim of holding this international
conference was, however, to exchange tech-
nical optnions with overseas countries on this
Japanese project from its planning stage and
to discuss visicns of the fifth generation
computer systemn, which is expected to have
far-reaching effects.

Since this project is the first of its kind for
us and for Japan, it is very challenging. 1
would like you to understand this first of all.

The subject of this panel discussion is
impacts of the fifth generation computer
system, and T would like to take this oppor-
tunity to briefly explain MITI’s ideas on the
fifth generation computer system in the con-
text of policy—making.

This will also answer the questions about
its social impacts asked by other panelists
earlier. Our approach to policy-making for
the 1980s started with discussions on what
the objectives for the decade would be, As a
result, we concluded that there are three
basic objectives MITI policies must achieve
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in view of the international environment
Japan finds herself in.

One 1s to make international contributions
now that this country, accounting for 1094 of
world GNP, has become an cconomic power.
The second has to do with our limited re-
sources. Japan is very poor in natural re-
sources and has as many as 113 million
people living on its limited land. The country
must support itself by means of its tech-
nology in future. Accordingly, to promote
technology is the second objective. At the
same time, we must build a vigorous and
comfortable society partly because in the
past we may have tended to give too much
consideration to technology, industry or
economics at the expense of the quality of
life, this is our third objective.

By the way, as we see it, effective use of
information technology means increasing the
flow of information. In Japan’s case, infor-
mation flow has increased mainly in in-
dusiry, notably manufacturing, in the 1970s.
Needless to say, this has underpinned the
international competitiveness of Japanese in-
dustry. From now on, the utilization of in-
formation will spread widely into society and
consumer life, '

In other words, information technology
should not only help improve industrial pro-
ductivity, it should also contribule greatly to
resource conservation and energy saving,
which are of vital importance to Japan. Tt
should also help solve a diversity of social
problems confronting our society or, for that
matter, any other industrialized country,
such as health care, education, transpor-
tation and urban problems.

- Moreover, it should permit us to broaden

the scope of human activity further. We
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think it is important to build a vigorous and
comfortable society making the best use of
information technology.

The next step in our policy-making ap-
proach was to consider what policy to estab-
lish to achieve the objectives mentioned just
now. We set a policy goal of building an
affluent information society. To build such a
society requires improving our social and
regulatory foundations. This has a bearing
on the problem of social impacts referred to
earlier. One arca we must address is com-
puter security.

Specifically, as computer use spreads more
widely in industry and consumer life, we
must consider how to meet the problem of
systemn security or system failure and, fur-
thermore, computer crime, which is, to our
regret, on the increase here in Japan, too. We
see computer securily as a major challenge.
Privacy is another area to consider. A short
time ago some panelists touched on the area
of privacy. It is not yet a hot issue in this
country, but we have studies now under way
at the government level to improve our re-
gulations in line with the recommendations
made by the OECD committee.

Another major impact of increased com-
puterization will be, as Mr. Read pointed
out, unemployment. Fortunately, Japan, un-
like Western nations, does not have a serious
unemployment problem for now. We must,
however, pay due consideration to this in
future since our society is quickly aging.

At the same time we must note the fact
that in this country, too, there are emerging
fears that computerization may lead to an
over-managed society or something which
might be termed “‘computer allergy”™. To
meet the situation, we must consider how to
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cope with the problem of education and
training pointed out earlier as well as the
various problems I referred to a moment
ago.

Also, from the standpeint that the pro-
gress of computer technology, or natural
science, should not be held back by lags in
social science, we think we must take steps so
that the lagging sections of our social in-
frastructure can keep up. A case in point is
communication lines. As of now, the use of
communication lines in this country is st-
rictly regulated. Since, however, technologi-
cal advances have made online and distri-
buted information processing possible, we
consider it necessary to get the most out of
them in order to build a desirable infor-
mation society. On this also, we have various
studies now under way at_ the povernment
level.

So far I have discussed at some length the
challenge of laying the foundations of an
information society. Another challenge we
are tackling in parallel with it is to promote
information technology, that is, to en-
courage rescarch and development of this
technology. I would like you to understand
that our overall policy framework is built on
a well-balanced approach to these two chal-
lenges. In technological development, the
question is what fields the government
should be involved in. Our basic thinking is
this: government involvement is needed in
projects which have the potential of produc-
ing tremendous ripple effects but require a
long period for commercial application and
which involve great risks and financial bur-
dens. Involvement is also needed in fields
which concern urgent social demands which
must be met immediately. In a nutshell, these




are R&D fields which would be slow in
making progress if left to the private sector
or the price mechanism. As you can under-
stand from what I have just explained,
government support is limited to basic R&D
fields. The fifth generation computer system
is one of these important R&D fields. Our
government policy for information tech-
nology has so far been one of catch-up, that
is, developing technologies after they have
been announced in overseas countries. The
fifth generation computer praject marks a
complete departure from the past in the sense
that we are intending to conduct creative,
leading-edge technology development. The
aim of the project, as already discussed, is to
solve by new technologies those major pro-
blems which could not be solved by existing
computers. In view of the magnitude of its
expected ripple effects and the risks involved,
we believe il requires positive government
involvement for the reasons I stated earlier.

Now I would like to be specific about how
we intend to proceed with the project. As has
been repeatedly mentioned, the project will
be implemented in three phases. As a pre-
liminary step, the government made a budget
appropriation of only ¥15 million for fifth
generation computer research and develop-
ment this year, that is, fiscal 1981. The ap-
propriation was to cover the cost of in-
vesligating three subjects.

‘One is what are the important technologi-
cal requirements on which the government
should concentrate R&D efforts and which
of these efforts the government should fund.,
The second is how to schedule the R&D
project. The third is what form of setup
should be adopted for fifth generation com-
puter system development. The investigation
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is now under way, and I understand that final
conclusions will be drawn up at the end of
the current fiscal year, in other words next
March. Thereafter, we are planning to imple-
ment the project in the three phases I men-
tioned a little while ago.

Phase 1, extending over the first three
years, will develop the basic technology.

For the first project year, we have re-
quested an appropriation of about ¥500
million from the government budget for next
fiscal year. We think phase 1, or the first
three years, of the project will need a govern-
ment budget appropriation of some ¥10,000
million, including the ¥500 million.

Phase 2 will be devoted to developing
subsystems over a four-year period. These
subsystems will be integrated into a total
system in phase 3, that is, the last three years.
To sum up, the project is aimed at building a
prototype fifth generation computer system
in ten years. I mentioned appropriations of
¥ 3500 million and ¥10,000 million, but these
are actually only what MITI has planned. -
We are now negotiating for them with the
Ministry of Finance, Similar to what you witl
no doubt have experienced in your own
countries, our Ministry of Finance wants to
trim government spending as much as poss-
ible especially because, for the past three
years, they have been striving to put the
nation’s financial house in order. For our
part, we want to do our best to get the
appropriations from the standpeint that in-
vestment in information technology is some-
thing bearing on the very foundation of
sacicty, Accordingly, we have been carrying
on a heated debate with the finance people
day after day. Thus, [ hope you understand
that the said figures are not vet incorporated

Jipdec Report No. 49



in the government’s budget estimate but are
only what MITI has in mind. As for the
staffing to carry out the project, we are
considering setting up a ncw external organi-
zation and staffing it with appropriate
people.

Finally, T would like to touch on the in-
ternational cooperation aspect of the project.
The project aims at developing the basic
technology. It is very large in scale and is
expected to have very far-reaching effects.
Furthermore, our policy adopts the stand
that we must make international contri-
butions. Taking these and other factors into
consideration, we think we must enlist some
form of international c¢ooperation in the
project.

The first step in this direction is this in-
ternational conference. How to proceed with
the project will be made clear by the in-
vestigations now under way. We intend to
crecate opportunities for internationally re-
leasing information about the project in
some form on a continuing basis.

I hear that there is, if anything, more
pessimism than optimism about economic
growth hn the industrialized West. We will
be most happy if we can contribyte toward
revitalizing the world economy through this

- leading-edge project. Thank you.

Moto-oka: Thank you. Now the first round
of speeches is over. Are there any panelists
who wish to comment? Then, any questions
from the floor?

Q (JAPANESE, Floor):

that there were as many as 100 miners killed

It was reported

in an accident at a Hokkaido coal mine. How

about developing a computer-aided mining
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system under which miners would not have
to go into pits or other places where working
conditions are adverse but could sit in front
of television monitors and cperate robots to
do the actual digging?

Japan accounts for only 0.3% of the
world’s land area. So if you consider Japan
alone, it might seem there would not be much
demand for computerized mining. But the
need for Japan to play a greater role in the
international arena was mentioned just now.
99.7% of the mincs in the world are so-
mewhere other than in Japan, and there
miners are doing very dangerous work
underground. If the project works well, min-
MITT’s
sway. . . .(laughter) Please let me hear your

ing would also come under
comments on this. Presumably the same is

true of all countries around the world.

Karatsu:
suggested making intelligent robots to do

You are right. On the first day 1

dirty work. On that occasion I cited work on
the scabeds and in very dangerous fields as
examples of work to be done by robots
because it happened to be before the coal
mine explosion took place. Our subcom-
mittee is also of the opinicn that great efforts
should be made to develop intelligent robots.
And [ think this 15 incorporated somewhere
in the project. ’

Moto-oka: Professor Lions took up the
problem of training and education as an
imporianl impact. Mr. Karatsu, I believe
you are well-informed about this field.
Karatsu: 1 think I said on the first day that
the problem of dropouts will be greatly eased

by computerization. The problem of in-




fercnce was addressed a little while ago.
What is generally called CAI is still at a
rudimentary stage. If computers can handle
inference then this will greatly alleviate the
problem of dropouts.

More important, the increasing number of
elderly people is a big problem, especially in
Japan. It means the employment structure
will have to change substantially.

Considering these two things leads us to
the question of lifetime education. I think the
fifth generation computer system will go a
long way toward performing this educalion
efficiently. And I have proposed that it be
covered in the project.

Probably it will have considerable effects.
Transfer of this technology will have a great
significance not only for industrialized
countries but also particularly for developing
countries,
Foreigner: 1t would be very helpful if some
of us could provide you with the benefits of
our experience in computer science and en-
gineering; but none of us has more than three
decades, thirty years of experience.” We're
very fortunate however that we do have
some recommendations from the President
of the United States. The President of the
United States, who [ am about to guote, was
the President two hundred years ago, shortly
after Mr Read’s government and my govern-
ment had a short dispute which resulted in
the formation of the United States. I would
like to quote for you, from President John
Adams something that he wrote in the year
1780.

“I must study the art of politics and war so
that my sons may have the liberty to study
science and engineering. So that their sons
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may have the liberty to study music, art,
sculpture, dance and philosophy.” That’s the
end of the quotation from President John
Adams in the year 1780. In some of our
fortunate countries, our societies are about
to enter the third generation; wouldn’t it be
fortunate, if those of us in computer science
and enginering, as we enter the fifth gen-
eration of computers, could help society en--
tér its third generation? Thank you.

Moto-oka:
the opinions of people from indusiry, who

We have a lot of requests to ask

are present here in large numbers. In parti-
cular, there are many people from U.S. in-
dustry, including IBM: would any of them
like to give us some comments?

Schorr:  Well we're happy to be invited. As
it has becn expressed by other people, we're
very impressed with your openness, and the
thoroughness of your plans. I think some of
the comments you have made have sum-
marized the situation quite well. It’s a very
forward locking project, and 1 think you've
done a very intcresting planning exercise,
and I think some of the things that have been
said about the project, have been expressed
by yourself and Professor Fuchi. You have a
starting point for a project on basic research,
a goad plan, we hope. It’s the manufacturer’s
who tend to be a bit more conservative, as we
saw In some of the remarks repeated by the
Hitachi, Fujitsu people, but I come from the
research division so T can be a little more
appreciative of the progressive nature of
what you are attempting. I think you have a
project that has been stated over and over
again in basic research which is high risk, I
think a fot of things will succeed and we will
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be prepared for some things to fail. I think
that should be expected. 1 look forward to
coming back in one or two years, whenever
you're ready to present some more results,
and I would be happy to see what those are.

Q:  As long as you've asked. As Professor
Feigenbaum mentioned, Digital is currently
using expert systems and internal industrial
application. I might say personally, not as a
representative of DEC, or of Mr. Reagan,
that [ respect the organization of this project,
its clear goals, checkpoints, and perhaps
most importantly, a vision that allows many
people to contribute in a coherent way, to a
major undertaking. I marvel at the ambition
of the goals, even though I am from a man-
ufacturer, [ suspect that even partial success
will be significant. And lastly for whatever
“use it may have, a suggestion: The relative
benefits of theoretic and pragmatic ap-
proaches to expert systems aren’t clear to me,
but if T may add a small voice to Dr.
Feigenbaum’s, it does seem very beneficial to
very soon execute a reasonably large number
of expert systems, in order to more clearly see
what is more critical and what is not. That’s
all.

Q.

logical to express the fears of the third world.

I think in this session, it would be very

I was once asked by a reporter in my coun-
try, what I felt was the state of electronics,
and as to how we seem to be doing on the
world scene. My comparison to him was that
of a long distance runner, something like
perhaps 1600 meters, something like that,
going around the track, and by the time we
have done a quarter of the track, and find the
other guy taking us over again. What I'm

Jipdec Repart No. 49

34

trying to say is this: it has been pretty de-
moralizing for a typical third world country
to notice that technology is advancing by
leaps and bounds and that they have neither
the resources nor the skills to benefit from
that technology. We in the third world feel
that a great deal of international cooperation
is required on this course. Because to go back
to the comment of Mr. John Adams, which
was quoted a little while ago, now one is
expected to learn a new art in keeping up
with changing economic realitics. I'm at-
tempting to caution that, society, as Mr.
Read pointed out, has migrated in its world
course from agricullure to industry to ser-
vice. And we don’t know what will become
of it all if ali the service sector functions were

to be automated. Thank you.

(Q: Since this is almost the close of a very
inspiring meeting, and the close is dealing
with social impact, and since Russel Kirsch
has quoted a president long dead, I would
like to quote a computer scientist alive and
well at Stanford. My college professor, Dr.
McCarthy. When | get mired down in the
details of work on knowledge engincering, 1
sometimes think of one of Dr. McCarthy’s
statements for inspiration. Which is, what
will the world be like when we will be able to
put one hundred year’s thought into every
decision? And that, it scems to me, is the
overriding benefit. Perhaps with fifth gen-
eration computers we'll be able to find out
the answer to that question.

Moto-oka: Thank you. I wish I could ask
the opinions of many more people, but there
is only a little time left. T would like to close

this session now.




-

Finally, on behalf of the organizers of this
conference, I wish to sincerly thank the many
people present here for participating in this
conference and giving various and very con-
structive opinions on our project. There werce
many opinions expressed on the application
aspect of the project. Needless to say, we are
also well aware that what the fifth gencration
computer system will be used for is a very
important question.

However, our lack of resources prevents us
from broadening the project too much. Ac-
cordingly, it looks as if the praject has not
taken the application fields inte considera-
tion. This seems t0 me to be the main criti-
cism made about the project. How to com-
promise on this aspect will, it appears, be a
major question from here on.

If you will allow me to exaggerate a little,
this project aums to be the space shuttle of the
knowledge world. As I see i1, the space
shuttle project was planned with the aim of

conducting various experiments in space and

creating something new through them but
also with the idea of proving the economic
viability of challenging the wnknown. The
space shuttle i1s very easy to understand beca-
use it is related to a space we can visualize,
outer space. This project of ours, however,
may include many points difficult to under-
stand because it is related to what, in the
knowledge world, might be called artificial or
virtual space.

When it came to international cooperation
in the space shuttle project, suggestions were
invited from the world over about what
experiments to conducl using the space shut-
tle. I understand that Japanese proposals are
to the included in the space shuttle some
years from now. Throughout the conference
T have been thinking of the possibility of such

' forms of international cooperation in this
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project.
Now T would like to declare the conference

closed. Thank you all very much.
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