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1. OUTLINE OF THE FIFTH GENERATION COMPUTER
SYSTEMS PROJECT

1. Background and Development of the Fifth Generation Computer

a.

The information-ori-

ented society

Realization of an easy

-to-use computer
system (natural lan-

guage processing)

LJse as a tool for intel.

ligent activities

Provision for future computing needs

The Ministry of International Trade and Industry undertook

such R & D studies as shown in Fig. 1 for implementing

revolutionary new computers to serve as the tenchnological

foundation of the information-oriented society of the 1990's.

These studies seek to provide higher-level functions for new

computers by using artificial intelligence techniques, and new

software and hardware (architecture) technologies.

As computers are introduced into all areas of society and

daily life, as well as into industry, future reliance on informa-

tion in a broader range of areas can be expected. Technology

that makes it possible for non-specialists to make full use of

such machines is urgently needed. One aspect of such a

technology is the development of man-machine dialogue in

natural (human) language.

Computers will be increasingiy relied upon as tools for
supporting the creative process in industrial and social plan-

ning.

For instance, systems for use in decision support, as well as

for support and execution of intelligent activities (non-stan-

dardized business operations, R & D, etc.), will become neces-

sary.

( Needs ) R & D objectives

Fig. l. R&D objectives lor 5G computers to meet needs
of the coming "lnformation Society"



I}{TRODUCTION

The Fifth Generation Computer Systems (FGCS) project

was initiated in 1982 as part of a major program supported by

Japan's Ministry of International Trade and Industry (MITI).
"Fifth Generation" computers, now under development, are

intended to provide the basis for a revolutionary new kind of
knowledge information processing by the early 1990's.

MITI's decision to support such a project was based on the

realization that rapid advances in computer technology and

radical changes in international economic and social environ-

ments have necessitated research and development on a new

generation of computers aimed at coping with the information
-oriented society of the 1990's.

As the central organization responsible for the execution of
this national project, the Institute for New Generation Com-

puter Technology (ICOT) was established in April, 1982.

ICOT has mapped ont a research and development program

that will span ten years: a three year initial stage ('82-'84), a

four year intermediate stage ('85-'88), and a three year final
stage ('89-'91). At present, the project is in the third year of
the initial stage and research and development activities are

proceeding as scheduled.

In the execution of the present project, valuable guidance

and support have been received not only from the Ministry of
International Trade and Industry, but also from various con-

cerned parties in the academic and industrial sectors.

Reflecting the great importance placed on advanced techno-

logy , this research and development project has also evoked

considerable reaction.

This pamphlet was prepared on the occasion of the Interna-

tionai Conference on Fifth Generation Computer Systems held

in November, 1984, to facilitate an understanding of the

project's overall scope.
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With the growing sophistication and diversification of indus-

trial and social activities, great increases in the demand for
information processing are anticipated. To meet such rapidly

expanding demand, technology for improving the efficiency of

software development will be required.

Present-day computer systems have significant limitations.

None of them are capable of handling types of tasks in which

the way to proceed is not explicitly specified. Complex sets of

circumstances related to various aspects of the problem must

first be understood, and based on this understanding, choices

must be made. This is difficult to be done in conventional

systems.

In the types of numerical calculations and routine job proces-

sing to which conventional systems are suited, the procedures

that the computer is to perform must be clearly stated at the

outset. In the vernacular of computer engineering, this is

known as a "program".

. In a large number of human intellectual activities, however,

it often becomes necessary to alter the methods we normally

use in complex ways, depending on the situation. For instance,

terms of language activities, which are fundamental to other

intelligent activities, the meaning of a particular word may

change in a multitude of ways depending on the circumstances

in which it is used. The sense of a word will vary depending

on its relationship to adjacent words, and the meaning of a

statement composed of such words will also depend on what

the statement is actually about, and the context in which it is
used.

In attempting to write a program to discriminate the

meaning of any given word used in a sentence input to a

conventional computer, the program itself would form a

network that branched out ever more finely at each condition

imposed. Such a program could never in reality be completed.

However, for the type of applications that will be required

in the 1990's, it is precisety this kind of intelligent activity that

will be demanded of computer systems. The problem lies in

b. The Limitations of Conventional Computer Architectures

3

lmprovement of pro-

ductivity in software

development

The limitations of
present-day com-
puters

Human intellectual
activities are complex

and ambiguous



Artificial intelligence

resea rch

2. Fifth Generation

Knowledge inf orma-

tion processing

how to implement such capabilities. The most promising

answers to this question have come from research in the field

of artificial intelligence.

Stated simply, artificial intelligence research strives to elicit
from computer systems intelligent activity of the order demon-

strated by human beings. Taking up concrete examples of

such intelligent activities, such as "probiem-solving," "infer-

ence," "learning" and "speaking and understanding words",

attempts are being made to develop computer programs that
can approximate these activities.

However, because of the limitations already described, the

results of these research efforts have not been of adequate

practical value when implemented on existing computer sys-

tems.

The Fifth Generation computer wiil, when developed, be able

to compensate for the shortcomings of conventional computer

systems.

Computer Functions for the Needs in the 1990's

Computers have historically been based on various schemes

with regard to their hardware structures: lst generation-

vacuum tubes ;2nd gen.-transistors ; 3rd gen.-ICs ; 3.5-th gen.

-LSIs; 4th gen.-VLSIs). The 5G (Sth generation) computer

is being developed as a new system based on a technological

scheme drastically different from those that have gone before.

The Fifth Generation computer is aimed at the realization of
knowledge information processing based on innovative the-

ories and technologies.

In other words, to overcome the technological constraints of
conventional computers, a knowledge information processing

system must be developed. Such a system will require an

intelligent conversation function and an inferential function

employing a knowledge base, both of which are thought to be

essential by the 1990's: applications in a far wider range of
areas than has been possible with conventional systems will
become feasible, using knowledge information processing sys-

tems (KIPS).
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(5G computer,

Non-von Neumann

t ype

von Neumann type
Paralle process ng

assoc at ve memory,

inferenQe/knowledge

process ng

4rh gen. (vLSls)
3.5-th gen. (LSls)
3rd gen. (LCs)

Znd gen.

(translstors)
I st gen,

(vacuum tubes)

Sequent al processing
Addressable memory

Neumerical calculatlon

<oalcu ators>

E I ectr ont c

met hods

Mechan ca

met hods

( | 8th century)

(20th century)

Fig.2. Positioning of 5G computers in the
hierarchy of computer technology

It is deemed necessary that the 5G computer be endowed

with the four basic functions described below. In order to

realize each of these, R&D on the corresponding technologies

for hardware architecture, software engineering and artificial
intelligence is to be carried out.

F¡g.3. R & D of 5G computers

1) Problem-solving and inference function

In order to solve problems, rigorous deductive inference and

inductive inference, including conjectures based on incom-

plete knowledge, will be employed.

2) Knowledge base management function

A system to perform acquisition, accumulation and utiliza-

tion of various types of knowledge wili be required for
inference processing.

Four basic f unctions

( So f tware ) OS

' Problem-solvlng/inference software

. Knowledge base management software

. lntelligent nterface

. lntelligent programm ng

Abplri4¡f,ibq§ I §oJ lwiar q
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3) Intelligent interface function

A flexible, interactive man-machine interface will be devel-

oped with capabilities for using natural language (both

written and spoken), graphics, images and other types of

input data.
4) Intelligent programming function

Application problems will be automatically converted into

efficient computer programs.

3. Examples of Applications and lmpact of 5G Computers

Some examples of 5G computer applications are given in

Table 1. As shown in Fig.4, the impact of the 5G computers

is anticipated to extend to a wide range of areas in industry

and society.

. Design (VLSI-CAD) : Designing large-scale computers in a short per od of t¡me

oProduction processes (rntelligent robots) : repacement of human abores in "dirty" jobs or under

extreme conditions

. Development : expert systems for effic ent deve opment of chem cal and pharmaceutlcals

. l\lanagement (management dlagnos s expert systems) : support for optimum managernent decis ons based

on changes jn society and the economy

. Office work (intelligent OA) : word processors using voice input, document preparation support

. Manitenance (remote diagnosis of malfuncions): automated d¡agnosis of various plant malfunctions

. Education (CAl): real¡zation of individual lnstruction wrth menus geared to the student's level of

understand i ng

. Clinlcal (automated nursing systems) : nighttime surveil ance of patlents in ntensive care units, support

for measures to cope with sudden changes in condit ons

o Trans ation (automatic trans at on systems) : automation of effective translation between several

laguages at the semantic level

Table.l. Examples of 5G computer applications
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Corporate decis on making

Fo"nal or of rrowledge ndusr, eb

Productivity improvements rn

low-productrvity f¡e ds,

PUblrc serv ces,

bus ness,

admin strat on,

distr butron sector

Development of
database ndustry

Bosolut on of
internattonal

Accumu at on

ln]provement of medtcal welfare

Format on of hea th
insurance ¡ndustry

So ving socia problems

associated wrth an aging

ir ct on

of
kn owhow

lmprovement of rntellectua
productivrty in F & D, other areas

Home computers
hobby computers

eaps in software
product vity

Great

D versif cation and customization of computers
lmproved productlvity of the computer tndustry

Conservat on of energy & resources, greater manufactur ng productiv ty

Strengthened ability in engtneerrng industries

Fig.4. Social impacts of 5G computers

Major lnternational Computer R & D Projects4.

Research and development on advanced computer systems is
presently being conducted by various research organizations in
the other industrially advanced nations. The U. S., Great
Britain and other countries have recently begun to vigorously
promote new projects.

Plans for new projects are being advanced other countries as

wel1.

Japan, aware of its role in promoting international contribu-
tions to the field of advanced computer techology, seeks to
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encourage international cooperation for mutual benefit among

projects that share mutual research interests.

Table.2. Major R&D Project in other countr¡es

US : DARPA (Defence Advanced Research Project Agency) of the Department of Defence, has init ated a program

called the Strategic Computing and Survivabrlity Project.Developmnet will be carried out over a ten-year perlod,

beglnning 1984 under a charter from the U.S Government (Al, expert systems, para el processing architecture, etc.).

A joint research project (on computers and semiconductors) by private firms is also underway. A Consortlum ca led

MCC (Microelectron¡cs Computer Technology) was estab ished, whose work is to be performed over approx¡mate y

l0 years startlng 1983. (CAD/CAtV, Al, new archilectures, advanced lC packaging, etc.)

Great Britain : The N,4 nistry of Commerce and lndustry has in tiated a prolect for advanced informat¡on techno ogy

(the AIT project). A steering conmlttee was established wlth¡n the N,4instry, n June, 1983 and research and

development was begun in April 1984. (KnowLedge base system, man-machine ¡nterfaces, software engineering,

VLSls, etc.)

France I Committees of experts within national research organ¡zations are presenty studying possible prolects

corresponding to the FGCS project, and wlll make recommendat¡ons to the Government. (Al, knowedge base

management, intelligent nterfaces, etc. )

W.Germany I The Government has nst tiuted a policy for the comprehensive promotion of irnprovements of the

inforrnation ndustry. In a five-year sector Tesearch on semiconductors and next-generat on computers. (Al, expert

systems, parallel processlng archltecture)

European Countries: W th the deveopment of more advanced ¡nformation technology as its goal, the EC

Committee recently approved plans for software technology, VLSI-CAD, etc.) ECBC (European Computer-lndustry

Besearch Center) was established n January 1984 by B!ll, ICL and Siemens. (Next-generatjon compuier

architecture. man-mach ne interfaces, etc.)

t
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FIFTH GENERATIOI.{ COMPUTER
PLANS

Aims of the Fifth Generation Computer Systems Project

The ultimate goal of the Fifth Generation Computer Project
is the realization of a computer system possessing a wide range

of intelligent capabilities, making feasible its use in the new

applications of the 1990's. A more concrete breakdown of the

goals of the project is given in Table 3.

A new world of applications will be opened up by the 5G

computer. The form that the new type of information process-

ing will take is referred to as "knowledge information process-

ing." A large part of the technology for realizing knowledge in

formation processing systems (KIPS) will make use of the

results of artificial intelligence research. In order to integrate

these results into a single system, it will be necessary to

selectively combine results to form a consistent whole, while

augmenting underdeveloped parts of AI technologies.

Knowledge information processing programs will be very
large and complex. It would be difficult or impossible to try to
impiement such programs in presently existing programming

environments. In order to overcome such problems, it has

become necessary to introduce an entireiy new type of
programming language, based on entireiy new principles. A
programming environment that reduces the cognitive demands

on human beings will be created. Under such an environment,

it is hoped that people with no expert knowledge will be able

to write programs with ease on the foundation of this new

programming language, by efficiently using the capabilities of

the computer system.

Of course, it need hardly be said that programming is itself
a type of intelligent human activity. Thus, by making pro-

gramming the object of knowledge information processing,

much of the burden may be transferred to the computer. This
has already been taken up as a goal of artificial intelligence,

and forms the field of research known as automatic program-

ming. But, efforts based on existing computer systems are

rather difficult to produce resuits that can be practically

applied. Hopes are thus placed on Fifth Generation systems to
make such practical applications possible as well.

Knowledge inf orma-

tion processing sys-

tem (KIPS)

Establishing a pro-

gramming technol-

ogy f or large and

complex programs

DEVELOPMENT
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Realization of very

high performance
ha rdwa re

Programming suited

to descriptions of
intelligent activities

Predicate logic

"lnference", the basic

mechanism of logic

2.

If such extremely voluminous and complex programs should

become possible, the remaining problems amount to how to
build a computer powerful enough to execute them.

Judging from the past results of artificial intelligence

research, it appears necessary to make the operating speeds of

5G machines faster than those of existing computer systems by

about two orders of magnitude. In order to realize such

tremendous processing speeds, the concept of highly parallel

processing must be introduced, in which several hundred proc-

essors employed simultaneously to execute a single program.

Fortunately, thanks to advances in VLSI technology, the use

of a large number of processors will probably not lead to

serious cost problems. However, highly parallel processing is

not applicable to all programs. An appropriate programming

language must be chosen, and an architecture suited to the

language must be developed.

Approaches to 5G Computer Systems

The first task to be performed in concretely defining the

goals of the FGCS project is the discovery of a programming

language suitable for describing the intelligent activities to be

executed by the computer. To this end, it is essential to
understand the principles underlying the intelligent activities
that the language is to express. In contrast, existing computer

architechures embody the basic arithmetic operations, which

form the underlying principles of numerical calculations.

For the 5G computer, logic, and predicate logic in particular,

has been adopted as best expressing the principles underlying

intelligent activity. Logic is in general regarded as the univer-

sal law governing reasoning processes. There are various

forms of logic, and predicate logic is that form which is most

closely related to natural language. Thus, aside from the

initial apprehension we all feel toward anything so strict and

rigid, such logic can be manipulated by anyone.

While predicate logic alone is not capable of handling all
intelligent activities, there is no doubt that predicate logic is
the most powerful means available in terms of description.

Inference is the mechanism fundamental to logic; by the

rigid procedure of inference, knowledge is used to extract from



known information what was previously not known explicitly.

When human beings attempt to understand the meaning of

something, whether they are conscious of it or not, inference

plays a central role in the process. The possession of knowl-

edge and the execution of inference procedures together com-

prise the fundamental conditions for intelligent activity.

Inference is carried out according to a set of inference rules.

The most basic of these rules are syllogisms, in which A-B
and B-C leads to A-C. One method by which computers may

be made to reason by inference is to build such inference rules

into the hardware, in order to make automatic execution

possible. This is, in fact, the approach taken in research on the

5G computer.

Fig.5. Aims of the 5G Computer

Syllogisms
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Relational database

Parallel processing

The method by which programs are expressed in logical
form and executed with inference functions is called logic
programming. Programs in logic programming correspond to,

say, the expression of an arithmetic problem as a system of
simultaneous linear equations. Inference operations would
then correspond to solving such a problem by cancellation.
Thus a large part of the program consists of the knowledge

that is to be used in the inference operation.

Assuming that such logic programming is employed, much of
the knowledge accumulated within the computer system must
be expressed in the form of predicate logic. This format may
be made to correspond almost exactly with the relational

descriptions in existing relational databases. Thus, in con-

structing a knowledge base, existing relational database tech-

nology may be directly utilized as a springboard.

In addition, prarallel processing of programs employing
predicate logic is possible. This is similar to solving in parallel

for each unknown of a system of linear equations.

The above description is summarized in Fig.6.

Fig.6 Approach in Development of Fifth Generation Computer
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3. Conf iguration of the 5G Computer

Fig.7 presents the targetted configuration of the 5G com-

puter.

With the programming language (Kernel Languages) at the

center of the figure acting as interfaces, the 5G software

unfolds upward, and the hardware downward.

In terms of present software levels, the software scheme

consists of a demonstration system for basic software and the

basic software system, with very-high-level programming

languages intervening between the two.

The demonstration system for basic software consists of a
number of application-oriented systems constructed to test

knowledge information processing concepts. Once the 5G

computer is completed, it is expected that a large number of

full-scale application systems will be developed by commercial

vendors.

The basic software system is the most important element in

the software hierarchy, forming as it does the basis for knowl'

edge information processing. The problem-solving and infer-

ence software module is, in terms of existing computer sys-

ilms, the operating system. It makes possible effective use of

the inference machine by constructing higher-order inferences

from simple syllogisms, and ensuring that a variety of different

types of problems may be solved efficiently in a manner

convenient to users. The knowledge base management soft-

ware module corresponds in principle to database management

systems, but because it handles knowledge instead of data, far
greater intelligent functions will be required of it. One exam-

pte of this might be a learning function, by which the module

could determine whether information was significant. The

system could accumulate knowledge based on such decisions.

Simply put, the intelligent interface software module will
make it possible for the computer to understand human lan-

guage: to "speak" and "hear", and to converse through figures.

The intelligent programming software module will employ

advanced software engineering technology to reduce to the

absolute minimun burden imposed on human programmers,

with the ultimate goal of automatic programming.

Configuration of the

5G computer

Demonstration sys-

tem f or basic soft-

ware

Problem-solving and

inf erence sof twa re

module

Knowledge base man-

agement sof twa re

module

lntelligent interf ace

software module

lntelligent progra m-

ming software mod-

ule
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Fig.7 Basic Configuration lmage of the F¡fth Generation Computer Systems
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The hardware of the 5G computer will consist of three Hardware
subsystems; in future, however, an integration of these in one

form or another is anticipated.

Using basic functions, such as those for syllogisms, the lnference machine
inference machine directly executes programs written in the

Kernel Language.

The knowledge base machine carries out high-level process- Knowledge base
ing of knowledge expressed in a variety of complex forms. machine

The intelligent interface hardware is in charge of executing lnterface hardware

basic functions for speech and image processing. All of these

make use of advanced parallel processing technology, the goal

of which is ultra-high speed performance. As regards to VLSI

element technology, VLSI device technology will be employed. technology

4. Steps in the Development of the 5G Computer

Because R&D on 5G computers incurs a high level of risk, Ten yea rs f or
involving as it does a large number of unkowns, a relatively research and develop-

long period-ten years-has been allotted for the project. ment

This ten-year period will be divided in to several stages:

three years for the initial stage, four years for the intermediate
stage, and three years for the final stage.

The initial stage of R & D is being conducted with emphasis (lnitial stage)
placed on the fundamental technological elements required to
build of a 5G system.

Inthe intermediatestage, the algorithms andbasic architec- ( ln t e rm ed ia te
ture to be used in subsystems that will constitute the founda- stage)
tion of 5G systems will be determined based on the results of
the initial stage. Following this, a small-to medium-scale
system will be developed using various subsystems as compo-
nents.

The final stage of research and development has as its goal (Final stage)
the completion of a prototlpe 5G system, completely integrat-
ing all the results of research performed up to this point.

In addition, a primary objective of this project is the in- Research and devel-
house development of R&D tools; this work will be carried out opment tools
from the initial through the intermediate project stages.

Because the 5G system will be based on revolutionary new
programming languages, software development could not be

expected to proceed efficiently using conventional computer
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3 RESEARCH & DEVELOPMENT THEMES AND STATE
OF' PROGRESS

1. R & D Areas in the lnitial Stage

A summary of the R & D areas of the initial three-year
stage, as well as the interrelations between them, is presented

in Fig.9.
The four basic areas for R & D are listed below; each of

these is further subdivided into research themes (see Appendix
l,"Research and Development Subjects for the Initial Stage").

1) Inference subsystem

2) Knowledge base subsystem

3) Basic software system

4) Pilot models for software development

The demonstration system for basic software shown in Fig.

9 will not, however, be taken up directly in the initial stage.
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VLSI.CADConsultation §ystem

Basic software system

Fig.9 Overview of research and development in the initial stage
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2. Major Results of the lnitial Stage

The major results of R & D anticipated in the initial stage

may be listed as foliows.

1) Inference subsystem

a. Investigation of various parallei inference schemes

(data flow scheme, reduction scheme, clause unit

scheme, complete copying scheme)

b. Trial-fabrication of hardware simulators.

c. Accumulation and evaluation of design data

2) Knowledge base subsystem

a. Development of a parallel-type relational database

machine (Delta)

b. Establishment of specifications for a tightly-coupied

interface with the inference machine.

Photo l. Sequential inference machine hardware (PSl)



3) Basic software system

a. Establishment of parallel-type logic programming

language (KL1) Specifications

b. Development of the basic specifications for a knowl-

edge programming language (Mandala)

c. Development of a large-scale relational database

management program (KAISER)

d. Partial prototyping of a knowledge utilization system

-Japanese proofreader support system, etc.)

e. Development of an advanced syntactic analysis pro-

gram (BUP)

f. Trial-fabrication of an experimental semantic analy-

sis program

g. Development of a modular programming system (for

use with SIM)

h. Trial-fabrication of an experimental software verifi-
cation management program

4) Pilot models for software development

a. Development of sequential logic programming lan-

guages (KLO, ESP)

Development of SIM hardware (PSI)

Development of SIM software (SIMPOS)

Photo 2. Parallel type relational data base machine (Delta)

b.

C.



3. R&D Subjects in the lntermediate Stage

In the intermediate stage, while development at the subsys-

tem level is being carried out based on the results of the initial
three-year stage, R&D results will be verified in terms of
practical utilization. This stage may be regarded as a period

crucial to determining the final outcome of the Fifth Genera-

tion Computer Systems Project as a whole.

The central area for R&D in the intermediate stage will be

development and prototype fabrication of two subsystems with
problem-solving and inference functions, and a knowledge

base management function.

Knowledge information processing technology will be

applied to real-world situations to attempt to verify related

research results. The results of these applications will be

evaluated and fed back into the project for use in work on each

of the research themes. At the same time, a demonstration

system for basic software will be constructed. Aiso, in order

to support R&D on software technology based on parallel

processing, work on a machine for parallel software develop-

ment wiil be carried out.

. The objectives of each R&D aÍea are as follows (for details,

see Appendix 2,"Proposed Research and Development Subjects

for Intermediate Stage").
1) Inference subsystem

The architecture of a parallel inference machine (with

about 100 processing elements) capable of efficient execu-

tion of programs written in Kernel Language version 1

(KLi) will be established, and experimental hardware will
be fabricated.

2) Knowledge base subsystem

While clarifying the technology for implementing the type

of knowledge operations that will be required by knowledge

base machines, as well as establishing the parallel architec-

ture specifications for the knowledge base machine, concrete

details of the hardware will also be determined.

3) Basic software system

a. 5G kernel language

Themes include improvement of the first version of the

Kernel Language (KL1), raising the system processing

Verif ication of R&D

results thru. practical

USE

Two subsystems

Trial-fabrication of a

demonstration sys-

tem f or basic sof t.

wa re

Pa ra I le I so ftwa re
development system
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speed, and determining the specifications of Kernel Lan-

guage version 2 (KL2).

b. Problem-solving and inference software module

In a parallel processing environment (with a parallelism

factor of about 100), attempts will be made to realize higher

-level inference functions, such as those for inductive reason-

ing and analogy and to implement cooperative problem-

solving functions.

c. Knowledge base management software module

Central themes for research are a distributed knowledge

base and a knowledge representation language.

d. Intelligent interface software module

Research themes include an experimental semantic

analysis system, electronic dictionaries, and an experimental

interactive speech processing system.

e. Intelligent programming software module

Themes include design of a specification description

language and an experimental design support system.

f. Demonstration system for basic software

In order to evaluate the validity of R&D results, an

integrated evaluation system employing each of the basic

software modules will be trial-fabricated.
4) Development support system

In order to increase R&D efficiency, a system for develop-

ing parallel software will be implemented.

This system will employ several closely coupled SIM

machines. A local areas network will also be implemented.



4 SUMMARY OF THE ORGANIZATION OF ICOT

1. Establishment

The Institute for New Generation Computer Technology
(ICOT) was established in April of 1982 as the central organi-

zation responsible for promoting the Fifth Generation Com-

puter Systems Project: its research center was opened for
operation in June of the same year.

2. Organization

ICOT is divided into research laboratories and general

affairs offices. At present approximately 50 researchers and

10 administrative staff are employed at the institute.

Executive
Director

Admlnistration
Department

I nternat¡onal
Relations
Department

First
Research
Labo ratory

Board of
Directors

Assrstant
D i rector

Third
Resea rch
La bo ratory

Fig.l 0 ICOT Organization
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PPC:Project
Committee

Promotion

3. Activities

1) Research and development on the 5G computer

R&D activities on the 5G computer are being carried out

under the auspices of the Ministry of International Trade and

Industry, with funds alloted to the project amounting to Y400

million in 1982, Y2.7 billion in 1983, and Y5.1 billion in 1984.

The work on basic technology for the 5G computer is

performed by project teams consisting of members of the

ICOT laboratories. In addition, a project promotion commit-

tee and working groups including acknowledged outside

authorities have been formed to advise on the project and to

exchange opinions with the ICOT research teams.

WG1:Working Group on Psrallel Processing Mechanism

WG2:Working Group on Higher-Order lnference and FGKL

WG3:Working Group on Natural Language Processing

WG4:Working Group on Consultation System

WG5:Working Group on Basic Theory

Study Group on New Language Dissemination

PPCFig.1 1 Organization of

As the present R&D effort has as its object advanced tech-
nology, research workers are sent to advanced research orga-
nizations in the IJ.S. and Europe,to survey the latest technology
and to exchange opinions. Experts from other countries are
invited to Japan for short periods of time for purposes of
research interchange.

2) Survey studies related to advanced computers

As one step toward promoting R&D on the 5G computer,

survey studies are being conducted on trends in related technol-

ogy both in Japan and abroad. These surveys, conducted by
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0l

committees of experts from various fields, seek to identify
promising areas for fifth-generation applications and to evalu-

ate the impact of new developments.

3) Promotion of international cooperation in R&D on 5G

computers

In order to facilitate international exchanges related to R&
D, the following activities are being executed.

(1) Dispatch of university and other researchers and

specialists to the U. S. and Europe

Q) Preparation and distribution of English-language

technical journals (such as the ICOT Journal and var-

ious Technical Reports)

4) Propagation and publicization of project results

ICOT sponsors a symposium each year to announce and

explain the results of project R&D.

In addition, ICOT also issues a number of publications, such

as the ICOT Technical Reports, Technical Memos, and the

ICOT Journal, and through these makes positive efforts to
transmit the results of its research.

5) Sponsorship of the International Conferences on Fifth
Generation Computer Systems

In October of 1981, the International Conference on Fifth
Ge¡eration Computer Systems (FGCS) was held in Tokyo,
with approximately 300 persons attending from Japan and

abroad; enthusiastic discussions of technical possibilities and

problems took place. In November, 1984, the third year of the

initial R&D stage, the international conference, called FGCS'

84, was held.

Through these international conferences on Fifth Generation

Computer Systems, we at ICOT hope for fruitful exchange of
opinions on the significance, goals and results of advanced

technical development in this promising field.

f
t
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Research and Development Subjects in the lnitial Stage (FY 1982-1984)

Research &
Development

Subject
Details

Par,allel,
lnter.en,óe
Machine
(PlrM)

The paralell inference machine, together with the knowledge base
machine, forms the nucleus of the Fifth Generation Computer
hardware. ln the initial stage, an evaluation will be made of the
basic inference module configuration. This module will consist of
the following:
(1) A parallel inference basic mechanism to manage the parallel

execution of inference operations.
(2) A data flow mechanism to execute inference operations and

rapidly determine solutions.
(3) An abstract data-type mechanism to consolidate detailed infer-

ence operat¡ons into several groups and control them by group.

Modules for
lndividual
Functional
Mechanisms
for PIM

The parallel inference basic mechanism, data flow mechanism,
and abstract data-type mechanism each consist of functional
sub-modules. lnitially, prototypes of these submodules will be
constructed. These prototype sub-modules will then be integrated
to construct a prototype module for each of the three functional
mechanisms.

Simulators
for Experimental
Operation

Prototype simulators for experimental operation will be built to
simulate module configurations using different combinations of
sub-modules. They will also be used to determine the optimum
configuration of the modules for the three functional mechanisms
and also of the inference basic module, which these sub-modules
will constitute.

Techniques for
lntegration in
VLSIs

Prototype software will be developed to evaluate VLSI-con-
vertibility for each of the sub-module circuits designed.

Knowlédgé
BáSe,:ir .r..

lV{,6qfii¡s
(KBM),' 

'

The knowledge base machine, together with the parallel inference
machine, forms the nucleus of the Fifth Generation Computer
hardware. ln the initial stage, an evaluative study will de made on
the configuration of the basic knowledge base module, which
will consist of the following:
(1 ) A basic knowledge base mechanism to provide overall

management of the execution of basic knowledge base
operations.

(2) A parallel relation and knowledge operation mechanism to
streamline knowledge accumulation, retrieval and updating,
data, conversion, etc.

(3) A relational data base mechan¡sm to provide large-capacity
knowledge accumulation, storage and management.

Modules for
lndividual
KBM
Functional
Mechanisms

The basic knowledge base mechanism, parallel relation and
knowledge operation mechanism, and relational data base
mechanism each consist of functional sub-modules. Prototypes
of these sub-modules will be constructed in the initial stage.
These prototype sub-modules will be subsepuently combined to
produce a prototype module for each of the three functional
mechanisms.
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Development

Subject

Simulators
for Experimental
Operation

Prototype simulators for operational testing will be built to
simulate module conf iguration using different number and
combinations of sub-modules. They will also be used to determine
the optrmum configuration of the modules for the three functional
mechanisms and also for the basic knowledge base module,
which these sub-modules will constitute.

Techniques for Prototype software will be developed to evaluate VLSI con-
lntegration vertibility for each of the sub-modules circuits designed.
in VLSIs

The basic software system forms the nucleus of the Fifth
Generation Computer software, and is composed of the following
four softwere module for knowledge information processing:
1 . Problem-solving and inference software module
2. Knowledge base management software module
3. lntelligent interface software module
4. lntelligent programming software module
An extended Fifth Generation Kernel Language, required for the
intermediate stage, will be developed by organizing the
knowledge, obtained through designing and breadboarding the
basic software system. A prototype software system will be
produced to test the specifications and to validate their accuracy.

Básir6r,rr'r..1lir,.

§oitwá¡¿
S¡tste'rn 
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Fifth
Generation
(5G)
Kernel
Language

The Fifth Generation Kernel Language, the base language for
all other modules, will define interfaces between FGCS hardware
and software.
Development and evaluation of prototype Kernel Language
version 0, (based on Prolog), is planned for the initial stage of
the project. This will be followed by specification design and
development of prototype Kernel Language version 1, oriented
to parallel execut¡on.

Problem -

Solving and
I nference
Software
Module

The problem-solving and inference software module has
capabilities for deductive inference, inductive inference (including
conjecture based on incomplete knowledge), and inference by
mutual complementat¡on of knowledge. The development of
prototype basic parallel inference software is planned for the
initial stage for use in high-speed execution of deductive
inference and basic software for problem-solving to determ¡ne
efficient solutions to problems.

Knowledge
Base
Management
Software
Module

The knowledge base management software module has
capabilities for knowledge accumulation, distributed-knowledge
source utilization, and knowledge acquisition. The development
of a prototype knowledge representat¡on system is planned for
the initial stage in order to define knowledge representation
methods. A large-scale relational data base management program
is also planned to accumulate and manage a large volume of
data represented as knowledge.

lntelligent
I nte rfa ce
Software
Module

The intelligent interface software module is for flexible interaction
between human and computer.
The development of a prototype of an advanced syntactic
analysis program is planned for the initial stage. The aim is to
achieve high-speed syntactic analysis and simplified algorithms
for natural language understanding, which is critical to man-
machine interaction. Basic techniques for semantic analysis and
a pilot model of a dictionary system will also be developed.
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Research &
Development

Subject
Details

lntelligent
Programming
Software
Module

The intelligent programming software module will automatically
convert a given problem into an efficient computer program
(at the Kernel Language level).
A program module management system capable of extracting
component modules, and verifying program facilities is planned
for development in the initial stage. Here, the aim is to establish
modular programming, which is basis to intelligent programming,
extraction of the necessary program, and program verification.

Sequential
lnfeience
Mac:hines {SlM};
Pilot Models
for Software
Development

Pilot models (prototype sequential inference machine will be
implementd) for efficient development of software for the Fifth
Generation Computer Systems.
These models will be developed by modifying a selected language
suitable for inference and by partly modifying existing von
Neumann architecture.

Proposed Research and Development Subjectives for the lntermediate Stage

Deta ils
Research &

Development
Subjective

The two subsystems which willform the nucleus of the Fifth Gener-
ation Computer hardware will be trial-fabricated.
(1) ln order to effectively execute programs written in Kernel Lan-

guage version 1. about 100 processing element modules will be
linked to form a prototype inference subsystem.

(2) Knowledge processing implementation schemes will be investi-
gated, and a number of processing element modules incorporat-
ing knowledge operation mechanisms will be linked to form a

knowledge base subsystem.

Hardwa,re Systerrrs

ln order to implement the inference subsystem, R&D on the follow-
ing five items will be carried out.
(1) The dynamic characteristics of the parallel inference machine

will be analyzed and evaluated. and the parallel inference
machine architecture will be determined by means of simula-
tions.

(2) Prototypes of data flow, reduction and other mechanisms will
be developed based on component modules. Each will make use

of the highly parallel execution of KL1 programs.
(3) A parallel inference machine architecture will be developed

from about 100 processing elements linked in a network to
form an experimental parallel inference machine.

(4) R&D of a software system for controlling. testing and evaluating
the parallel inference machine architecture and component
modules.

(5) ln preparation for scaling-up the parallel inference machine (to
about 1000 processing elements), studies will be made of large-
scale parallel inference machine architecture, including fusion
with machine models. VLSI architecture and knowledge base

machines.
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Research &
Development

Subjective
Deta ils

Knowledge Base

Su bsystem
ln order to implement a knowledge base subsystem, R&D will be
performed on the following f ive items:
(1 ) Analysls and evaluation of the dynamic characteristics of knowl-

edge base machines, and development of a knowledge base
model to determine the architecture.

(2) Further improvement and miniaturization of relational date-
base machines (RDBMs), through adoption of VLSI compo-
nents, and development of a knowledge base machine architec-
ture to form the nucleus of the knowledge base machine.

(3) Establishment of technology for configuring a distributed
RDBM, centered on models of distributed relational database
machines and control algorithms.

(4) lnvestigation of schemes for integrating inference engines within
RDBM machines, establishment of connection mechanisms for
such schemes, and tr¡al construct¡on; also, research on knowl-
edge base parallel control mechanisms to support parallel
processing in knowledge base machines and the realization of
knowledge operations.

(5) ln preparation for large-scale knowledge base machines, research
will be conducted on large-scale knowledge base machine archi-
tecture, with a view toward implementation of machine models,
VLSI architecture and knowledge acquisition and systematiza:
tion mechanisms.

Basic Software
System

The baic software systems will form the nucleus of the Fifth Genera-
tion Computer system, and will be composed of the following five
modules for knowledge information processing:
1. Problem-solving and inference software module
2. Knowledge base management software module .

3. lntelligent interface software module
4. lntelligent programming software module
5" Demonstration system for basic software
Through the design and trial construction of the basic software sys-
tem, the results gained will be consolidated and, based on these,
version 2 of the Kernel Language will be specified for the final stage.
ln addition, software for use in actual verification of specif ications
will be created, experiments performed, and the specif ications clari-
fied further.

Fifth Generation
(5G) Kernel
Language

The 5G kernel language, the base language for all other modules, will
define interfaces between FGCS hardware and software.
ln the intermediate stage, design of specifications for KL2, which
will become the language of the FGCS prototype system, will be
completed. The processor and programming system of KL1, the
specifications of which were determined in the initial stage, will be
prototyped.

Prob lem -Solv ing
and lnference
Software Module

The problem-solving and inference software module has capabilities
for duductive inference, inductive inference (including conjecture
based on incomplete knowledge), and inference by mutual comple-
mentation of knowledge. ln the intermediate stage, the following
four kinds of software will be developed.
(1) Parallel inference software that operates on the basis of an ad-

vanced parallel processing algorithm, to perform high-speed
deductive inference and problem solving.

(2) Basic high level inference software, that is, experimental soft-
ware that performs advanced inferences such as those for
induction and analogy, and basic software for studying a learn-
ing function.
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Research &
Development

S u bje cti ve

Deta ils

(3) Basic cooperative problem-solving software, that is, exper¡mental
software in which a number of problem-solving programs are
made to cooperate to realize an inference function through
mutual complementation of knowledge.

(4) Demonstrative problem-solving and inference software, by
which the results of research and development may be applied
directly to actual fields of application, to verify the validity of
the results, and also as a means for testing by feeding back eval-
uation results into the development of each type of software.

Knowledge Base

Management
Software Modu le

The knowledge base management software module has capabilities
for knowledge accumulation, distributed-knowledge source utiliza-
tion and knowledge acquisition. ln the intermediate stage, the
following four kinds of software will be trial-fabricated.
(1) A knowledge representation/utilization system, which not only

includes functions for representat¡on and accumulation of
knowledge and for effective use of the knowledge gained using
appropriate inference facilities, but which also contains tools for
construction and support of knowledge bases.

(2) Basic knowledge acquisition software. exper¡mental software
based on inductive inference, equipped with functions for
acquir¡ng knowledge.

(3) Basic software for distributed knowledge base management,
which manages a number of knowledge bases as a logically
unified whole.

(4) Demonstrative knowledge base management software. by which
the results of research and development may be applied directly
to actual fields of application, to verify the validity of the
results, and also as a means for testing by feeding back evalua-

tion results into the development of each type of software.

r.l n,tell jff :nt:.ihiterf arla
So,i.f 1.¡i.¡relr,lVl ü]g.,,.,..l,

The inteliigent interface software module is for flexible interaction
between human and comPuter.
ln the intermediate stage. the following five kinds of software will be

tria I -fa bricated.
(1 ) A semantic dictionary/semantic analysis system: analyzes mean-

ings using a thesaurus (of Japanese. English, etc.) in knowledge-
base form.

(2) Basic software f or sentence analysis and synthesis: experimental
software that has sentence analysis and synthesis functions,
which are basic to text understanding.

(3) A conversational system pilot model; an experimental system
offering comprehensive functions for smooth interaction via

natural language.
(4) A pilot model for an ¡nteractive speech process¡ng system, to be

trial-fabricated by studying techniques for analysis and under-
standing of conversational language; containing a large number
of ellipses and which depends greatly on context; and based on
technology for speech understanding and synthesis.

(5) A pilot model for an interact¡ve graphics and image processing

system. Studies will center on techniques for representat¡on of
graphic and image data. and on unification with natural Ian-
guage. An experimental system will be created based on func-
tions for graphic/image understanding and synthesis, in which
large amount of information are to be exchanged.

(6) Demonstrative intelligent interface software. by which the re-

sults of research and development may be applied directly to
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actual fields of application, to verify the validity of the results,
and also as a means for testing by feeding back evaluation results
into the development of each type of software.

lntelligent
Programming
Software Module

Goals for the intelligent programming software module include auto-
mation of the basic operations involved in writing programs, devel-
oping and maintaining software" and the realization of integrated
high-level support for all processes.
ln the intermediate stage, the following five kinds of software will be
developed.
(1) A specification description and verification system, in which

high-level specification descriptions using natural or formal lan-
guages, as well as advanced program testing based on this, are
pe rfo rm ed.

(2) A software knowledge management system, that organizes vari-
ous programs developed on SIM machines into knowledge bases,
and provides intelligent program development support.

(3) Basic software for program transformation, verification and syn-
thesis, experimental software that transforms programs with
logical strictness using optimization and other factors as a meas-
ure, verifies the correctness of the transformation, and synthe-
sizes software based on the transformation.

(4) Experimental software for pilot model of a software design, pro-
duction and maintenance system, by which all processes from
software development through maintenance are conslstently
managed and supported.

(5) Demonstrative intelligent programming software, by which the
results of research and development may be applied directly to
actual fields of application, to verify the validity of the results,
and also as a means for testing by feeding back evaluation results
into the development of each type of software.

Derné,nstrati,on'
§Y§tem rfor rl

basic''softwat e ,

An demonstration system for basic software will be developed. by
which results of each R&D subject may be applied directly to actual
f ields of application, to verify the validity of the results, and also as

a means for testing by feeding back evaluation results into the devel-
opment of each type of software.

DevélóBment, ',,'

Suppolit ,§V§telm§
ln any advanced R&D project. appropriate development support
systems are essential; in the initial stage. the SIM computer is being
developed for use as a software development tool.
ln the intermediate stage, in order to facilitate R&D efforts, the
following two systems will be developed:
1. A pilot model machine for parallel software development
2. A network system for development support.

Pilot model for
parallel software
development

The following will be developed for use in the system for parallel
software development.
(1) A machine for parallel software development, which will be

capable of eff icient development of parallel software, such as

software for processing parallel KL1 programs and other paral-
lel inference software.

(2) A sequential inference machine (improved version), to be im-
plemented by miniaturizat¡on and improvement of the hardware
of the SIM developed in the in¡tial stage, and for enhanc¡ng
software f u nctions.
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Network System
for Development
Support

A network system for supporting development efforts,
efficiently use of R&D results.

Research &
Development

Subjective




