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ABSTRACT

In april 1982, ICOT began research and
development for Fifth Generation Computer
Systems (FGCS) under the auspices of
Japanese Ministry of International Trade
and Industry (MITI).

This project will span a period of ten
years: three years for the initial stage, four
years for the intermediate stage, and three
years for the final stage. The initial stage is
now approaching its conelusion.

This report describes the curremt re-
search and development (R&D) status as-
well as tentative plans for the intermediate
stage. These plans, however, still nclude
uncertain factors, such as VLSI techniques,
and so on. Plans involving these areas will
be introduced later in the ICOT Journal or
some other publications.

1 INTRODUCTION

The Fifth Generaticn Computer Sys-
tems (FGCS) development project was first
conceived in Japan in 1979. DBased on
an “idea suggested by the Ministry of
International Trade and Industry (MITI),
the Japan Information Processing Devel-
opment Center (JIPDEC) founded the
Committee for Study and Research on
FGCS, and started to plan R&D to imple-
ment FGCS.

The Committee then conducted sur-
veys and researched concepts related to

FGCS. In the following year, it examined
goals and appropriate areas for R&ZD. As a
result of two year survey and investigations,
the overall concept of FGCS was clarified;
they are essentially defined as complex sy:-
tems for processing voluminous quantities of
knowiedge.

In 1981, based on these results, MITI
planned a mational project for the develop-
ment of FGCS. It held a 4£day international
conferenca from October 19 to 22, 1981 to
discuss FGCS and to exchange opinions on
the project. . .

In 1982, the [nstitute for New Genera-
tion Computer Technology (now commeonly
known as [COT) was established as the
central organization to ecarry out R&D of
FGCS under the auspices of MITL

- ‘This project will span a period of ten
years: three years for the initial stage, four
years for the intermediate stage, and three
years for the final stage. In the R&D for the
initial stage, emphasis has been placed on
accumulating the results of past studies in
the area of knowledge information process-
ing, ds well as evaluating and restructuring
them to develop basic techniques to be ap-
plied in the intermediata stage.

Based on these results, RZD for the
intermediate stage will focus on designing
computational models, implementation al-
gorithms, and basic architectures, all of
which form the basis for fifth genera-
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tion hardware and software. Small to
medium scale subsystems will thea be built.
Emphasis in the R&D for the final stage will
‘be on dividing functions among software and
hardware systems and building a prototype
of a total system configured from these sys-
tems.

Currently R&D is being carried out on
the kernel language, a major rezearch theme.
The kernel language specifles the interface
between hardware and software, and, there-
fore, is considered to embody, in an inten-

sive manner, the achievements in the areas.

of both hardware and software development.
Accordingly, the specifications of the ker-
nel language are subject to change. The
specifications for Kernel Language Version
0 (KLO) and Version 1 (KL1) have been es-
tablished in the imitial stage, and those ef
Version 2 (KL2) will be established in the
intermediate stage. The prototype of FGCS
to be constructed in the final stage will be
based on KLZ2.

‘The following discussion focuses on the
current status and future plans-for R&D. It
should be noted that the future pians are
still under investization and may be changed
in the course of our study.

The progress status described in the
next chapter is to be clear the altarmation
on our prospects for our research and devel-
opment. It can be shown with the compen-
sation on the objectives in the initial stage
at the start of our project.

2 CURRENT STATUS OF R&D

To attain the goal of establishing basic
techniques, R&ZD in the initial stage has

been conducted independently for the in- -

ference subsystem, the knowledge base sub-
system, the basic software, and the pilot
model for software development. The fol-
lowing describes research on each subject as-
signed in the initial stage, and how far work
in each area has progressed.

2.1 Inferenes Subsystem

The inference subsystem, together with
the kmowledge base subsystem, forms the
kernel of the FGCS hardware. In the
initial stage, R&D ha: been conducted
for the parallel inference basic mechanism,
data flow mechanism, and abstract data
mechanism with the purpose of developing
basic techniques for hardware architecture. .

2.1.1 Parailel Inference Basie Mechanism
+ Goal in the initial stage

The goal of research” in the initial
stage is to select, in addition to the data
fiow schame, several candidate schemes that
can be applied as the parallel inference
mechanisms for FGCS, and to evaluate their
characteristics by simulation.
¢ Current status of R&D

Those selected as candidate parallel
inference mechanisms were: the reduc-

ticn scheme, the complete copying scheme
(which iz a modification of the reduction

scheme), and the clause unit scheme.

For the reduction scheme, an ex-
perimental 64-parallel software simulataor
was constructed to perform overall evalua-
tion. Also, to obtain more accurate data, a
prototype- hardware simulator, consisting of
eight processing elements, is being produced
for the reduction scheme. This prototype
is to be completed within fscal 1984, aiter
which, evaluation will begin.

For the complete copying and clause
unit schemes, a prototype hardware simu-
lator, consisting of 16 processing elements,
is now being developed. This simulator is
capable of simulating both schemes with
a slight adjustment of its software. The
prototype is planned for completion during
the eurrent fiseal year, and evaluation will
start immediataly afterwards.

No reference will be made in this report



to the evaluation of each scheme, as the
fnal results have Dot yet been determined.
However, investigations have o far revealed
that each scheme is quite capable of deriving
parallélism from inference operations.

2.1.2 Data Flow Mechanism
e Goal in the initial stage

The goal of research in the initial stage
is to evaluate the data flow scheme using
s simulator. A prototype experimental sys-
tem, consisting of ten processing elements,
will then be built for further evaluation and
to determine the basic architectural require-
ments of the data flow scheme. .

e Curreat status of R&D

A prototype 64-parallel software simu-
lator has been produced to perform aver-
all evaluation of the data flow scheme.
An experimental system consisting of eight
processing elements is also being built. The
experimental prototype system is planned
for completion during the current fiscal year;

evaluation of the data flow scheme will fol-

low immediately.

2.1.3 Abstract Data Type Mechanism

This research was included in the study
on the inference subsystem, for the pur-
pose of establishing a hardware architecture

to support the modularization mmechanism

and object orisnted mechanism called for
the kernel language specifications. Howerer,
it iz still early emough in the project, as
well as more appropriats, for the con-
cept of abstract data type to be embodied
in the hardware architecture in and afier
the intermediate stage. Consequently, the

scope of the research in the initial stage

has been limited to the study of linguistic
aspects of the kernel langnage for the basic
software. Also, R&D for the inference sub-

system is limited to the study of language.

specifications with respect to the hardware
architecture. ‘This research has achieved
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good resuits, as described in the progress
report on kernel language development.

2.2 Knowledge Base Subsysiem

The knowiedge base subsystem, togeth-
er with the inference subsystem, forms the
kernel of the FGCS hardware. [n the ini-
tial stage, R&D was begun on three research
items for the purpose of establishing basic
techniques for developing a large capacity
knowledge base machine. The three
items are knowledge base basic mechanism,
parallel relation and knowiedge opera-
tion mechanism, and relational database
mechanism. This machine is envisioned as
being capable of the acquisition, retrieval,’
and updating of knowledge data described
in a knowledge representation language or
kernel language.

2.2.1 Knowledge Base Basie Mechanism

The goals set for this research in the
initial stage were to clarify configuration
and management methods for the knowledge
base using theories of kmowledge repre-
sentation languages, kernel languages, and
knowledge bases, and at the same time,
to evaluate the Lkmowledge base basic
mechapism by desigaing and implementing
a simulator. However, the decision was later
made to continue basic research and delay
development of the simulator until the inter-
mediate stage, for several reasons. For ome,
developmental approaches to the knowledge
representation language have been modified
(as explained in the section on the intel-
ligent interface software module of the basic
software system), and the acquisition of a
various kinds of feedback information from
actual knowledge base applications is neces-
sary to fully understand the concept of
the knmowledge base. As research on the
knowledge base basic mechaniam is an im-
portant theme in the final stage, it will
be intensive research in the imitial stage
that will lead to smooth development of
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the mechanism in the intermediate and final
stages. Therefore, changes in goals set in
the initial stage are pot considered to ad-
versely affect the future development of the
knowledge base basic mechanism.

2.2.2 Parallel Relation and Knowledge
Operation Meehanism
e, Goals in the initial stage

The goals of research in the initial
stage are to select a basic architecture to

implement parallel type relational algebraic-

operation as well as knowledge operation; to
produce experimestal functional modules,
to evaluate them, and to establish a basic
architeeture for parallei relational operation
and knowiedge operation.

e Current status of RED

The basic architecturs for implement-
ing the parallel relational algebraie opera-
tion mechanism has been selected, and
experimental hardware functional modules
‘have been built. The functional modules

are incorporated in the relational data base

machine to'be described later. They will be
avaluated in the relational database machine
by the end of fiscal 1984,

2.2.32 Relational Database Mechanism
¢ Goal in the ipitial stage

In the initial stage, this research aims

at selecting a basic architecture for the
relational database machipe by means of

simulation. Then, an experimental rela-

tional databaze machine with about eight
element processors will be produced and
evaiuated. Although this machine is an ex-
perimental system, it will be designed s0
that it can be connected to the Sequential
Inference Machine (SIM) and used as an ex-
periment. tool for software development.

o Current status of R&D

The basic architeeture for the rela-

tional database machine has been selected.
A prototype of the relational databaze
machine, with a capacity of 5§ GB, was com-
pleted at the end of fiscal 1983 (Figure
1 in appendix). In the current fscal
year, attempts are being made to expand
its functions, after which evaluation is
planned. The relational database machine
incorporates a relational algebraic operation
mechanism as a relational database engine.
Az a unit, machine and engine is charae-
terized by the following:

(1) 4-parallel relational database machine
consisting of eight element processors;

(2) Greater fexibility in data retrieval than
conventional relational databases to
cope with the requirement of knowledge
processing;

(3) Maximum capacity of 20 GB.
2.3 Baiic Softwars Systam

The basic software system is the ker-
nel of the FGCS software. In the initial
stage, R&D for the system has been divided
into “ive research areas: the fifth gemera-
tion kerne! language, problem sciving and
inference software, knowledge base manage-
ment software, intelligent interface software,
and inteiligent programming softwara.

2.3.1 Tifth Generation Kernel Language
e Goals in the initial stage

KLO specifies the interface between the
hardwars and software of the pilot model
for software development. Design and im-
plementation of KLO was completed in fiscal
1983. KILO is a logic programming lan-
guage with some extensions that conven-
tional PROLOG language lacked. They are,
for example,

(1) Modularization of programs
(2) Relational database interface
(3) Parallel processing



(4) Data type checking

KL1 specifies the interface between the

hardware and software of the inference
subsystem to be developed in the inter-
mediste stage. The language specification is
scheduled to be finalized by the end of the
initial stage. KL1 is reduced by adding the
following features to KLO:

(1) Refinement of various features of KLO

(2) Retonﬂg;u:atian of the language for the
parallel execution model

(3 Basic data abstraction mechanisms
(4) Meta inference mechanisms
= Current status of R&D .

For KLO, language specifications, in-

cluding target functions, and a language

processor were complated at the end of fscal
1982. The specifications of KL1 are being
designed now; They are scheduled for com-
pletion by the end of fiscal 1984,

2.3.2 Problem Sclving & Inferenee Softwars
e Goal in the initial stage

The final goal of this research involves a
number of techniques that have not yet been
achieved, such as the deductive inference
function, which performs completely legi-
cal inference, the inductive inference func-
tion, which involves guess-work based om
incomplete knowledge, and the cooperative
problem solving function by which systems
cooperate with each cother to solve a given
problem. Thus, this research area is a chal-
lenging one with much emphasiz placed on
the final stage of development. In the ini-
tial stage, accordingly, experimental crea-
tion of a variety of problem solving software
is planned so that clues and understanding
can be obtained to achieve the final goal.

o Current status of RED

Twe approaches have been applied to
carry out R&D for this scitware,
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Oune is a theoretical approach. An ex-
ample of development using this approach
is the development of a software prototype
with extended functions which are capable
of solying problems deseribed in higher order
predicate logic. Another example is develop-
ment of a software prototype for implement-
ing a meta inference mechanism, which per-
forms inference based on comirol informa-
tion provided in a parallel execution en-
vironment (including individual rules and
more general rules to use the individual

- rules).

The other approach is to derive the
problem solving and inferemce funmction
from actual application - examples. In
this approach, studies of problem solv-
ing strategies, meta inference functions to
determine these strategies, and coapera-
tive problem sclving strategies have been
made through production of an experimen-
tal automated layout system for electromic
circuits and a PLA (programmable logic ar-
ray) design system. Prototypes for both the
layout and design systems are hemg built
now; Their completion is planned within the
current fiscal year. It is therefore, quite pos-
sible to achieve the goal initially set for this
research area.’

2.3.2 Knowledge Base Management Softwars
« Goals in the initial stage

R&D for knowledge base management
software falls into three categories: a large
scale relaticnal database management pro-
gram with which methods to commect the
knowledge base machine to the inferemce
machine ean be studied; a kmowiedge rep-
resentation system to represent complex
knowiledge; and a knowiedge utilization sys-
tem with which experimental systems to use
knowledge can be designed and developed to
evaluate the research results.

1 ‘The goal of developing a large scale
relational database management program in
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the initial stage is to develop, using SIM,
a system for managing a large velume of
data and, at the same time, to attain under-
standing of the distributed kmowledge baze
machine by studying methods of connecting
SIM with the refational database machine.
R&D for a knowledge representation sys-
tem in the initial stage aims at developing'a
language to represent knowledge in specific
domains. The knowledge utilization system
is to be developed to acquire understanding
of knowledge utilization. This has recently
been added as a project research area.

» Current status of R&D

A program consisting of the following
fve software modules listed below is now un-

der development as a large scale relational
database mapagement program. The pro-

gram will be run and evaluated on SIM by
the end of the current fiscal year.

(1) Knowledge acquisition module
(2) Knowledge conversation module
(3) Knowledge interface module

(4) Koowledge ma.nipulatinn module
(5) Knnw.ledgﬂ. storage module

The software interface between SIM
and the relational databaze machine is
studied in the third item.

The initial target of the knowledge rep-
resentation system was to develop an ex-
perimental kmowledge representation lan-
guages for specific domains. However,
development of these languages resquires
not only knowledge of the particular
domain concerned, but also accumulation
of knowledge and experience concerning
knowledge utilization. It iz also ex-
pected that the knowledge representation
language will vary with its area of ap-
plication. Accordingly, an urgent theme
of development at this point is to prepare
a tool that will facilitate the creation of
knowledge representation language:. As

such a tool, 2 knowledge programming lan-
guage, Mandala, is being developed. Design
and development of the prototype language
is scheduled for completion within the cur-
rent fiseal year. Development of experimen-
tal knowledge representation languages for
specific domains is planned in the infer-
mediate stage: they will be developed using
the knowiedge programming language based
on experience gained through the develop-
ment -of the knowledge utilization system
prototypes, to be described below.

A Japanese procf reading support ex-
perimental system and an experimental sys-
tem for logic design support are under de-
velopment as knowiedge utilization systems.
The experimental system for Japanese proof
reading detects errors in words, propér
nouns, and sentences using knowledge based
on previously input words and sentences.
The experimental system for logic design
support produces logic " circnit diagrams
uzing logic specifications written in the fune-
tional specification description language.

2.2.4 Inteiligent Interface Software
e (Goal in the initial stage

The final goal of this research is to
implement flexible functions between man-
machine interaction. In the initial stage, it
was decided that R&D for intelligent inter-
face software should be divided into three
categories: natural language processing
techniques aimed at developing a database
for nmatural language processing, languags
analysis techniques, and studying the cog-
nitive sciemce of the inteiligent interface.
Speech processing techniques aim at estab-
lishing a speech recognition methed and at
experimentally creating a speech synthesis
system. Image processing techniques aim at
the conceptual design of a language dedi-
cated to visual data prncesnm.-g and an image
processing machine.

s Current status of RE&ED



In the two sub-areas of intelligent in-
terface software, that i, speech and image
processing tachnigues, private companies are
now actively competing with each other to
take 3 lead in their R&ZD. Therefore, during
the initial stage, it was decided that soitware
research should be leit to privata attempts.
R&D at ICOT will start frem the intér-
mediate stage, making full use of the results
obtained by them.

In natural language processing tech-
niques, it seems important to establish lan-
guage analysis techniques and basic tech-
piques for semantic understanding prior
to the development of a natural language
processing database. From this standpoint,
a prototype high level parsing program was
developed, and development of a prototype
semantic analysis system pilot model iz now
underway. The parsing program Was com-
pleted in fzcal 1982, and it was supplied
with additional functions in fiscal 1983.

The semantic analysis system is baszed
on situational semantics, and its prototypeis
being developed with the z2im of implement-
ing the function to understand sentences in
Japanese texts {or lower grade elementary
school students. The prototype is scheduled
to be completed and evaluated within the
current fecal year.

For the reasons stated above, the de-
velopment of a natursl langnage process-
ing database iz limited to the minimum ra-
quired level. Accordingly, in the imitial
stage, study is being continued to determine
the framework of the database. A full scale
study of the intellizent interface from the
standpoint of cognitive techniques will also
be carried out in and after the intermediate
stage.

2.3.5 Inteiligent Programming Software
e Goal in the initial stage
The final goal of this research is to
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implement a function that automatically.
transiates a given problem info an efficient
computer program (at the kernel language
levell, The goal in the imitial stage is
to develop and evaluate advanced modular
programming scftware and an advancsd
verification management program. The
former will be used to facilitate modular
programming, which iz the basis of intel-
ligent programming. The latter provides in-
telligent support to improve the efficiency
of program production in each stage of pro-
gramming, such as design, coding, test,
debug, correction and improvement, and
maintenance and management.

# Current status of R&D

[n the study of advanced modular
programming software, modular program-
ming in logic programming is performed for
the operating system which runs on SIM.
The following experimental programs ware
created for the modular logic programming
gystem.

(1) Logic programming language with ob-
ject criented features (ESP)

(2) Program optimization system designed
to overcome the problem of poor exacu-
‘tion efficiency, a disadvantage common
to all object oriented languages

(3) Programming support and management
program consisting of SIM’s library sub-
systemis that control the information
from debugger

(4) Editor, user process management pro-
gram, etec.

The following five subsystems have
bean considered as a general framework for
the advanced vaerificztion management pro-
gram. :

o Design, description, and understanding
system

» Test, verification, and evaluation system

s Generation, modification, and correction
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- system
o Maintenance and management system
» Development support system

An integrated programming environ-
ment will consist of cooperative expert sys-
tems processing the above functions.

From this standpoint, prototypes for
the following three types of experimental
systems are being developed in the inmitial
stage; they are scheduled for completion by
the end of the current fiscal year.

(1) Consultation system for use in software
development

This is an experimental system for
design, description, and comprehension.
Using natural language specification descrip-
tions, it will synthesize programs semi
automatically through interaction with the
user.

(2) EHierarchical logic program verifcation
system
¢ This is an experimental system [or test,
verification, and evaluation. It iz a proe-
gram verification system based on the Boyer-
Moore theorem proving system.

(3) Basic experimental system for develop-
ing reusable software modules-

Thisz s an experimental system which iz

not only capable of generation, medificatien,
and correction,. but also of maintenance
and management. It is a comsuitation
system in which behavioral models of
human operators’ software reuse patterns
are stored, and programs are reused by
means 'of blackboard type inference schema.

2.4 Pilot Model for Software Development

The pilot model for software develop-
ment is a sequential inference machine (SIM)
having an architecture made by improving
an existing Von Neumann type archifec-
ture. It is a tool for efficiently developing

FGCS software. The development of the
pilot model is scheduled to ‘be completed in
the initial stage and is proceeding with two
major research items: SIM hardware and
SIM software.

2.4.1 SIM Hardware
o Initial stage goal

The goal in the initial stage is to build
a prototype of a firmware based machine
which supports KLO. To execute programs
written in KLO, this machine should have a
processing speed ten times faster than that
of a large scale general purpose computer,
and 10 MB or more of address space. The

development of the machine will be com-
pleted in the initial stage.

» Current status of RED

A prototype machine which executes
KLO directly was produced at the end of
1983 (Figure 2 in appendix). This machine
has 3 processing speed of 30 KLIPS (logical
inference per second) and a3 maximum
storage capacity of 80 MB. A prototype
extension machine is being constructed in
fiseal 1984. Construction is planned to be.
completed within the current fizcal year.
The extension machine will have a process-
ing speed of 150 KLIFS.

2.4.2 SIM Software
e Injtial stage goal

The SIM seftware, SIMPOS, is the pro-
gramming and operating system of SIM.
Completion of software development is
scheduled for the ead of the initial stage.
The programming system is described in the
section on intelligent programming. .

s Currenmt status.of RZD

An operating system consisting of
modules forming three hierarchical layers
is now under development. Completion is
planned within the current fiscal year. The



three layers are Kernel, Supervisor, and I/O
management. 1/0O management is a collec-
tion of software modufes, such a3 the win-
dow subsystem, which has:a muiti window
feature, and the network subsystem, which
provides basic interface functions between
two SIMs or between SIM and the relational
data base machine.

3 INTERMEDIATE STAGE PLANS

3.1 Basic Principles

The R&D for FGCS, started in 1982,
has achieved steady progress as described
above, and plans for the initial stage are ex-
pected to conclude with expected results. In
the intermediate stage, subsystems will be
developed based on the basic techniques de-
veloped iz the imitial stage. The results will
be studied from the standpoint of various

applications so that the direction of the

technology can be determined. Thus, the
intermediate stage is a decisive phase for the
success of FGCS project. Accordingly, in
eonceiving plans for this stage, it is neces-
sary to consider both expansion of R&D
and the integration of various avenues of re-
search. The following describes the basic
policy by which plans for the intermediate
" stage are decided.

3.1.1 Sueeession of Initial Stage Resulits

The R&D for each subject in the initial
stage is expected to attain the goals initially
set, resulting in substantial advancements in
software, hardware, and basic theories re-
quired to develop new computer technology.
Generally speaking, no modifications are re-
quired to achieve the final goals assigned
at the start of the project, although a few
changes are unavoidable in the course of de-
velopment. Accordingly, the R&D in the
intermediate stage will be- carried out basi-

cally aceording to the overall plans made

originally.

|

3.1.2 R&D Themes in the Intermediate
Stage

R&D in the intermediate stage will
focus on three major areas. Two of them
have been studied since the initial stage:

» Hardware systems (Inferemce subsystem,
knowledge base subsystem)

o Basic software

The following subject has been recently
added to the intermediate stage:

» Development support system

The following rules are applied in the
development of R&ZD activities:

(1) R&D will be carried out from the
standpoint of expanding R&D oxn basic
research items and integrating various
research results.

(2) Problem solving methods, kmowledge
reprasentation, and semantic compre-
hension that can be applied te varicus
areas of application are significant sub-
jects of R&D. Therefore, R&D will be
conducted systematicaily from the twin
standpointzs of compenent techmology
and systems.

(3) Ascertaining parallelism in knowledge
information processing, construction of
a practical size experimental system,
development of man-machine interface
techniques, development and accumula-
tion of techniques related to knowledge
data and so on in order to obtain clues
to help put FGCS into practical use.

(4) R&D will make full use of the initia-
tive of each R&D group, exchanging in-
formation between universities and na-
tional research institutions, and gather-
ing expertize from various areas.

3.1.3 Improvement of the Infrastrueture

An appropriate infrastructure is impor-
tant for high level research and develop-
ment, and many useful R&D ideas can be
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gathered from the development of an in-
frastructure itself. The prototypes of basic
tools for the development of the infrastrue-
ture have been developed in the initial stage.
In the intermediate stage, these tools will
be improved and expanded so as to fur-
ther facilitata R&D. The computer network
will zlso be improved to construct an im-
frastructure suited for R&D. The infrastrue-
ture iz where the results of R&D are ac-
eumulated, strictly evaluated, and where
next new ideas are experienced. It isalse the
means by which cooperation with various
domestic and overseas activities are realized
and efficiently established.

3.1.4 Expansion of the Organization

ICOT was founded a3s the kernel or-
ganization for FGCS project- for the pur-
pose of carrying out systematic research and
development, securing sufficient manpower,
and achieving the organizational fexibility
required to respond to the requirements of
an advanced scientific endeavor. It accord-
ingly played the central role in R&D of
the initial stage. The role of ICOT as the
kernel crganization.will become even more
significant in the intermediate stage due to
the requirements of R&D subjects and the
necessity to train and make full use of man-
power, to establish substantial cooperaticn
with universities and national research inm-
stitusions, to enhance international coopera-
tion, and to disseminate the results. It is
also important to apply the results in various
areas to prove their usefulness in practical
applieation. Thus, a wide range of backing
is required, and it is necessary to expand and
‘improve the R&D system further.

3.2 RZD by Research Subjeet

3.2.1 Inference Subsystem
s R&D goals .
The final goal for FGCS hardware is

unification of the inference subsystem and
the knowledge base subsystem, with the aim
of achieving an inferemce execution speed
of 100 MLIPS to 1 GLIPS. In the inter-
mediate stage, R&D for the infersnce sub-
system aims at establishing the architec-
ture of the parallel inference machine, which
efficiently executes K11 and contains about
100 processing elements. . The processing
elements must be designed to carry out
low level parallel processing in themselves,
which will allow the implementation of large
scale parallel processing.

» Proceeding for RZD

R&D will be carried out mairnly for the
following items.

(1) Parallel inference machine architecture

- To establish the architecture of a paral-
lel inference machine, 2 prototype paral-
lel inferance machine experiment system
(or a hardware simulator), consisting of
100. processing elements, will be built and
avaluated. '

[2] Component medule

- A processing element to carry out low
level parallel processing will be experimen-
taily constructed to establish the processing
elements architecture at the level of KLI.
A prototype component module configured
from two or more processing elements will
be built and evaluated to supplement R&D
for a 100-alement parallel inference machine
architecture.

(3) Large scale parallel inference machine
~ architecture

In preparation for prototype creation
of FGCS hardware having 1,000 processing
elements, softwaras simulation will be con-
ducted using a model of comparable size.
At the same time, study will be made on
a mechanism to interface the parallel in-
ference machine with the knowledge base
machine.



3.2.2 Knowledge Base Subsystem

. H&D ﬁﬂﬂl!

The final R&D geal for the knowledge
base machine (KBM) is to develop hardware
that ecan respond to requests from the
kpowledge representation system or the
large scale knowledge base system and can
efficiently support accumulation, retrieval,
and updating of voluminous knowledge
data. The target hardware has a max-
imum database storage ecapacity of 100
to- 1,000 GB and functions to retrieve
knowledge bases required for Infersnce
within a few seconds. Accordingly, R&D
for the knowledge base subsystem in the
intermediate stage aims at establishing
a knowledge operaticn mechanism, paral-
lel architecture, and. distributed knowledge
base control mechanism, on the basis of the
initial stage resuits.

» Proceeding for R&D

The following are the major research
themes,

(1) KXBM architacturs

The relational database will be im-
proved and miniaturized based on the re-
search results of the initial stage. It will
be run with programs developed separately
so that data for studying KBM architec-
ture can be collected, evaluated, and struc-
turized. '

(2) Distributed knowledge base contral
'mechanism -

A model of the distributed relational .

data base will be built and run with pro-
grams developed separately, so that data on
the distributed knowiedge base architecture
and control mechanism can be collected,
evaluated, and structurized.

(3). Large scale KBM architecture

In preparation for prototype construe-
tion of FGCS hardware in the final stage,

L3

software simulation will be carried out for a
machine model of the same size. At the same
time, hardware algorithms for knowledge ac-
guisition and structurization wiil be studied
and evaluated.

3.2.3 Basic Software
o RZD goals

With the final goal set at the develop-
ment of software products, which will be
the kernel of FGCS software, R&D for a
basic software system in the intermediate
stage aims at improving KL1 based on the
results of developing basic techniques in the
initial stage. It also aims at developing
new parallel processing software techniques,
such as parallel inference controi, evaluating
element techniques developed in the initial
stage, and upgrading KL1 to KL2 through
prototype creation of a full scale system.

Besides the above, basic research will be
conducted on high level inference and dis-
tributed knowledge base management func-
tions, which are necessary for implement-
ing the cooperative problem solving system,
that i3, the final goal of the basic seffware
system.

Of the R&D goals assigned for the
intermediate stage, particular emphasis is
placed on the establishment of techniques to
implement the sofiware module based cn the
parallel processing to control and manage
the hardware of the infersncs subsystam and
the knowledge base subsystem.

Also important is the clarification of
techniques to implement the knowledge
base management function, which  in-
volves a number of unkmown factors, such
as the knowledge acquisition mechanism.
Furthermore, it is important to -establish
techniques to implement the intelligent in-
terface and intelligent programming fune-
tions in a full scale system based on logic
programming.

—-19 ——
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RZD for the basic software will be
carried out with the following six items in
the intermediate stage:

(1) Fifth generation kernel language

(2) Preblem solving and inference software
module

(3) Kpowledge baie management software
module

(4) Intelligent interface software module

(5) Intelligent programming software mod-
ule

(8) Demecnstration system for basic soft-
ware

e Proceeding for R&D

The foilowing are the majer R&D
themes.

(1) Fifth ganeration kernel language

For KL1, a practical language proces-
sor and program generation support system
will be built. Also, parailel execution exn-

vironments and programming environments.

will be eztablizhed for other research themes.
At the same time KL1 will be evaluatad,
so that the results can be redected in the
specifications of KL2.

- In creating KL2 specifications, fune-
tions to check contradictions and redun-
dancy in knowledge, as well as knowledge
base management function, such as an in-
ductive inference function, and the con-
cept of eguality will be incorporated.
Specification design will be completed by the
end of the intermediate stage.

(2) Problem solving and inference software

This research aims at developing paral-
lel inference software, cooperative problem
solving basic software, and high level in-
ference basic software.

For the parallel inference software, at-

tempts will be made to develop system
modeling methodology with which paral-

lelism of 100 on average can be achisved for
a wide range of applications and to develop
hierarchical system configuration methedol-
ogy. Along with this, various parallel
processing algorithms will be developed.

For the basic cocperative problem soiv-
ing software, a prototype multi expert sys-
tem will be constructed to establish basic
techniques.

For the basic high level inference
software, attempts will be made to de-
velop high lavel artificial intelligence incind-
ing inductive inference, analogy, and learn-
ing functions.

(3) Knowledge base management software

This research zims at developing 3
knowledgs representation utilization syI-
tem, basic knowledge acquisition scitware,
and basic distributed knowledge base man-
agement sofiware.

For the knowledge representation util-
ization system, knowledge representation
languages for specific domains will be
designed and experimentally created based
on the knowledge programming language
developed in the initial stage. In addition,
the large scale relational data base manage-
ment program develaped in the initial stage

will be enhanced with additional functions,

and a prototype knowledge base creation
support system will be built and evaluated.

For the kmowledge aequisiticn basic
software, a tool to acquire kmowiedge from
experts will be developed. At the same time,
attempts will be made to develop techniques
to make rules by means of inductive in-
feranca. -

‘For the distributed kmowiledge base
management basic software, s distributed
knowledge base model will be conmstructed
using large scale relational data base
management software developed in the ini-
tial stage, and algorithms will be established
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for managing a number of knowledge bases
as a logically unified whele.

(4) Inteiligent interface software

In this area, R&D will be focused on
a semantic dictionary and semantic analysis
system, sentence analysis and composition
basic software, conversation system pilet
model, and a pilot model of speech, graphics,
and image processing interactive system.

Development of the semantic dictionary
and semantic analysis system aims at en-
hancing the semantic apalysis system pilot
model developed in the initial stage, creat-
ing dictionaries (Japanese, English, ete.) for
semantic analysis, and investigating natural
language comprehension.

In devaloping the sentence analysis and
composition basic software, experimental
software for apalyzing sentences and com-
posing sentances or even many texts will be
created and evaluated.

In the R&D for the conversation system
pilet model, an experimental system that
models state transitions occurring during
eonversation in the human knowledge base
wiil be built and evaluated. Along with this,
various techniques for data input and output
using voice or graphics and images used as
supplementary means of I/ O will be studied.

(5) Intelligent programming seitware

For this research, attempts will be
made to develop a specification description
and verification system, software knowledge
management system, program transforma-
tion, proof, synthesis basic software, and a
pilot model for a software design, produe-
tion, and maintenance system.

For the specification description and
verification system, a fuill scale experimen-
tal specification deseription language and
TH:iﬂtation system will be designed and
Et, based on the findings of the initial

e.
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For the software knowledge manage-
ment systam, a prototype maintenance sys-
tem for the SIM soitware designed in the
initial stage will be built, operated, and

* evaluated.

For the program transformation, proef,
and software synthesis basic system, an ex-
perimental system that optimizes programs
by transformation, proves the validity of
transformation, and synthesizes programs
in an integrated manner based on trans-
formation results. will be constructed and
evaluated.

. For the pilot model of the software
design, production and maintenance system,
an experimental system that controls all the
processes from development to maintanance
act only of logic programs, but also of pro-
grams written in conventional languages,
will be developed and evaluated.

(6) Demonstration system for basic sofi-
ware

The resnlts of various R&ZD thames
will be put inmto practical application
for demonstration.  Also, a variety of
demonstration systems will be built and
avaluated for the purpose of acquiring feed-
back information in each research area.

3.2.4 Development Support Sysiem
o R&D goals S

An appropriate development support
gystem is indispensable to high level R&D.
In the initial stage, a prototype software de-
velopment pilot model was constructed as a
basic development tool.

In the intermediate stage, attempts will
be made to develop a pilot machine for a
parallel software development and a devel-
opment support computar network.

e Proceeding for R&D
In developing the pilot machine of a
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parallel software development, a prototype
hardware system will be constructed by
tightly coupled SIMs developed in the initial
stage. At the same time, control programs
based oz KL1 will be created for the system.

As a development support network, a
elobal computer network system connecting
a number of research groups will be estab-
lished.

4 CONCLUSION

This raport describes the current status
of R&D as well as tentative plans for the in-
termediate stage. Plans for the intermediate
stage, however, still involve uncertain fae-
tors, such as the methed of studying inter-
face among the inference subsystem, VL3I
techniques, and the techniques for handling
of speech, graphics, and image processing.
It is possible that R&D strategies for these
items, when determined, will affect other
areas of research. Plans for these currently
undecided items will be introduced later in
ICOT Journal or other publications.

We hope you will watch for the fu-
ture progress reports in the published litera-
ture. The continuous interest and support
of the international research commurityisa
source of great encouragement to those of us
working toward Fifth Generation Computer
Systems at [COT.
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Figure 2 Sequential Inference Machine (SIM)
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