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1. Introduection

This article presents zn introduction te the fifth generation
compuler Systerms.

Fifth geperation computers are under development to meet
the knowledge information processing needs for the advanced
information.ariented society of the 19905, This clearly requires
gvereoming the technical limitations of conventional
eomputers. A fifth generation computer requires problem
solving and inference funetions for inference of solutions to
th'lems from accumulnted koowledpe, knowledge base
managrment functions for acquirement and retrievel of
knowledge, intelligent interface functions for fluent
comversations wsing natural ianpuage, drawings, images, ete.,
mnd intelligenl programming functions for automatic
ennversion of problem specifications submitted in natural
language, drawing, ete., inta eflicient programs.

Fifth generation computers with these functions will have
far-reaching impact finding application in all areas of industry
and society. However, research and rIr.-.r:]up:lnent (R&Dy of
these computars requires an exl‘.reme'ly wide variety af
leading-edge technology, and the risks are high. Accordingly,
& long-term R&D plan was established for this project that
extends over len years with the initial stage lasting fram
1987 to 1984, the intermadiate stage from 1985 to 1988, and
the final stage will hegin in 1989 and the project will end in
1981

2. What Is a Fifth Generation Computer?

This R&D is fhunded on the following pereeptisnz: existing
computers have reeched their architectiral limits; the
passihility of qualitatively different architectures are in
proepect; and a new era in the history of cemputers is close at
hand. The basic architecturs of todays computers (ie., the von-
Meumann archilecture) is restricted by computer machine
languages. Entire software systems are built on these machine
langueges, which means that gl features of & ven-Neumann
computer gre derived from the machince language.

The hardware and software of fifth generation compuler
will be determined hy n new architecturs based on predicats
lagie. The predicate logic Janguege will be used az the
mechine language by hardware to perform infervnce and by
software 1o choose combinations of the basic hardware
inference operations.

The basic concept of fifth gemeration computers are
presented in mare detnil below.

3. Background of R&D of Fifth Generation Compulers

(1) Limitations of tedoyé computers

The baszie functions of tedayd ecomputers are arithmetic
operations. They are suitable for execution of programmable
sequences of rouline tasks such as nomerical caleulations.
These functions are quite different from mand intellectual
activities, which invalve performance of inference based on
knowledge. In short, the fundamental limitation of todays
computers is that they cannst determine what to do by
themselves. That is, they eannat eamprehend an unforeseen
svent nor ean they choose the most appropriate action to take.

(2} Meeting demands on computers in the next decade

Research and development of artificial intelligence
technslogy, architectures, and saftware engineering are all
necessary to develop the user-friendly computers ss tools for
support of human intellectual activities and to Improve
software productivity in the advanced information-oriented
society of the 1990s (Figure 1)

{a) Easy-to-use computers: In sn advanced information-
oriented society, computers will be used not only in
industrial applications, but alss in all sther fields, especially
in everyday life. Thus they must be readily usable by
persans withaut specialized Lraining. Clearly, a man-machine
interfoce close to the human-to-human interface is required.

(b} Support of intellectual activities: Computers working on
the behalf of men or supperting inteliectual activities, such
a5 decision makiog in business and R&D are required for
maintaining industries and communities that are both legical

and creative.

ic) Increasing software productivity: Needs for efficient
infgemation processing sre increasing immensely with
ndvance and diversification of industrial and social sctivities.
Hence, the advent of the so-enlled “soflware crisis™ is
gnticipated and it can only be deslt with by a massive
increase in software produstivity.

4. Siwating Fifth Generation Compulers

To date, computers can be elassified into the following
generations, delined by their respective hardware elements:
Vacuam tubes
Tranaistors
Integrated Circuits (IC)
Large-Scale Entegration (L1}
devices
Very Large-Scale Integration
{VLEI} devices

However, o]l these eomputers have a basic architecture that
has remained almost unchanged from the beginning until now.

Mosi conventipnal computers are based on the “sequential
processing and swored program” concept. propesed by John von
Neumann. Filth generation computers are being developed
under an architecture basad on predicate logic suitable for
parallel processing in artificial intelligence. In thiz sense, it
may be more appropriate to classify all the conventional
compiters as generation I and filth generation computers as
generation 11 (Figure 2}

- 1st generation

- 2nd generation H
- 3rd generation :
- 3.5th generation

- dth generation

5. Basic Scheme of a Fifth Generation Computer

i1} R&D targets of a fifth generation computer

The fifth generation computer project aims at developing o
Knowledge Information Processing System (KIPS) thot cun
eatisfy Lhe requirements described in sec.d for computers in
the next decade. This ahjectiive can be divided inta the
following three targets:



(a} Development of KIPS by using artificial intelligence
technology: The results of research on artificial intelligence
should consistently be applied and embodied in KIFS as
intelligent conversation funetions and inference functions
using a knowledge base, The results should alse be vsed to
define the guiding principles of the new knywledge

infermation processing.

il Iimprovement of soflware productivity with software
engineering technology: Program for KIPS will be large nnd
eamplicated; thus that can hardly be written in the present
pregramming longuages and envirsnment, Therefore, new
programming languages based on new principles are
required, and & new programming environment, whici
reduces the burden on human programmers, have to be
established. Also software enpineering technigues for
automatically writing programs need to be developed, These
facilities will enable persons without specialized knowledge
te write progroms easily.

{c) Development of very high-parformance hardware: The
results so far of research in wrtificinl intelligenee indicatas
that the caleulation speed of a fifth generation computer
must he an order of magnitude higher than that of todays
computers, To utiain these speeds, pitrahigh-speed hardware
cunsisting of hundreds of parallel processors must be
developed,

(21 Basic architecture of fifth generation computers

The sofiware and hardware of the fifth generation compuler
must have KIFS lunclions, i.e., inference fonctions that use g
knswlcdge base.

Inference is the main pawer by which human beings
understand things conscicusly or unconsciounsly, Having
knowledge nnd making inferences are basic conditions for
intellectunl netivity.

A legical delinition of inference is “a rational procedure
empleving knowledge for sxtraction of unknows information
from known information.” Inference complies with inference
rules, The moest basic rule is the syllagism consisting of &
major premise (A—B), a minar premise (B—C), and a
conclusion {(A—=Ch One method o enable a computer to make
inferences is to incorporate this rule into the hardware for
sotomatic execetion. This is the method to be used in aur
fifth generation computers. Writing programs in 2 legical form
for muking inference is culled logic programming.

In & logie pregramming environment, most knowledge stored

in # computor can be expressed in the forms of predicate logic.

The simplest of these forms corresponds Lo relational
expressiong in existing relational data baszes. Therefore, the
present relational data base techniques may be the starting
point for developing & knowledge base,

Programs written in the form of predicate logic are well-
suited to paralle]l processing.

We chose a predicate logic language for what s equivalent
to the machine langusge of & conventional computer, which
we call the kernel langoags.

Froleg is & predicale logic Innguage used in our system in
the same way as @ high-level programming langunge in
existing computers. The Prolog-based kernel (machine)

lnngusge has to be modified and extended for KIPS functions
in our fifth generation eomputers, Application-oriented
languages with knowledpe representation and modolaricy
functions are being developed #s users” programming
langnages.,

VLSl technigues progress each year. A typical result of this
progress is that the capacity of & semiconductor memory chip
has increased four-fold every three years, New research in
computer archilecture, especially on parallel processing
machines, is associated with such software concepts as
predicate logic, functional, and object-oriented languages. The
progress of VLS techniques suppoets this research, This
project aims at developing the ulirahigh-speed paralls]
processing hardware deseribed in (1) using the VLEI
techniques and the kernel ae machine language, os well as
artificial intelligence, software engineering, and architecturs
techniques under e logic programming environment,

Under the busic architecture described above, a fifth
generation computer must have the following funclions L
attain the R&D targets described in (1) (Figure 32

{m) Problem solving inference functions: These perform
deductive and inductive inference including speculation based
on incomplete knowledge.

(b Knowledge base management functions: These express,
acyuire, store, and retrieve various kmowledge required by
inferance functicns.

(e} Intelliprnt interface Menctions: These are man-machine
interface functions that can flexibly converse with humans in
nutural languapes.

(d! Intelligent programming functions: These automatically
express given problems in efficient programs,

8. A Developed Fifth Generation Computer

The final form of & developed fifth generation computer
consists of software and hardware that are intetfoced by the
kernel langunge (Figure 4).

(1) Sofvware

The software consists of & basic software system and its
demonstration syslem, The former is the knowledge
informntion processing base using high-level langunges based
on predicate logic. The latler demonatrates whether or not the
results of the fifth generation computer project are sulTicient
components of KIPS.

The basic softwere system consists of the following modules:

{n} Problem salving inference module: This is the nucleus of
the 05 for a fifth generation computer. It controls inference
machines, performs deductive and high-level inference
operations, and solves problem efficiently.

ib) Knowledge base management modules; This assumes
extensive control over the knowledge information base. It has
knowledge acquirement functions including the learning



function, which deterinines whether or not specific items of
knowledge ave worthy of being stacked,

{e) Intelligent interface madule: This interprets human
language and processes graphic dota to play the role of &
mag-machine interiace.

(d} Intelligent programming module: This minimizes the
hurdens on human programmers by fully utilizing the most
sdvanced software engineering technigue. Its ultimate goal
is autamatic programming.

The demanstration systemn for basic software demonstrates
whether or not Lhe results of Lhe fifth generation computer
priject are suitable for a vanety of KIPS applications. When
the development of a fifth generation mmput.!r iz completed,
n greater sumber of application systems incorporating &
wide range of knowledge will be developed in place of this
demonstration system.

(2) Hardware

The hardware consists of the following super-high
performance machines developed in VL3I with parallel
processing technigues,

{n} Inference machine: Has basic inference functions such as
the syllogism functivn und executes program written in the
kernel language.

{b) Knowledge base machine: Proesases knowledge data
expressed in B variety of complicated forms.

(¢} Intelligent imterface muchine: Processes acoustic and
grephic data.

7. Applications and Impact af Fifth Generation
Computers

Research in artificial inteliipence pursues development af
intelligent functions. Continued effort is required for an
extremaely long peried of time, but results may find & vast
tange of applivativns, The spplications of & KIPS containing
these results will help shape the main stream of an advanced
informetion-oriented society in the future. Some applications
may be completely new, while athers are advanced versions of
conventional applications. In such a society, fifth generation
computers will be required for knowledge information
processing.

The purpose of a {ifth generation computer is to form a
KIFS that helps salve human problems in probing the unkown
wurld and o greatly expand the scope of human intellsstoal
activity,

Filth generation computers will remarkably improve the
relatively low productivity of primary and tertiary industries
rathar than that of secondary industry. They will also aid in
eoping with the problems of resource use and high average
mpge, elc., expanding the scope of their impnct on society
{Figure 5),

The besic techniques required for realizing the previous
scheme were developed during the initial stage and during the
first year {1985) of the intermediate stage of this R&LD, We
are pow working on subsystems in accordance with the

intermediate stage plan. The results so far have demonstrated
that commitment to predicate logic is sound and that
construction of intelligent systems based on it is feasible,

8. Initial Stage R&D Targets and Results

To atiain the gosl of developing basic technigues in the
initial stage {1982 to 1984}, the targets below were
established, which pertaln to the inference subsystem,
knowledge base subsystem, basic software, and pilot model for
software development.

As a result, the basic techingues necessary for subsystem
development in the intermedizte stage were, on the whole,
deveioped satisfactorily during the imitial stage,

(1} Inference subsystem

ll]anFEL' The inference mh:r:l'.cm and the kmwlcd;{ hase
sitbsvitem form the nucleus of fifth peneration computer
hardware. One target of the initial stage was to settle
certmin basic issues in hardware architecture. S0 we studied
paraliel inference, data flow mechanisms, and abstract data
type mechanisma.

Other targets of the initinl stage were the svaluation of
metheds for developing the tachniques by software
simulation and the creation fevaluation of small-scale
experimental systems,

tb) Results: Data flow and reduction based architectures wera
evaluated using software simulator for 64 parallel processing
elements. Alse, 8 hardware simul:lor consisting of & L 16
element processors was created and used to evaluate the
data Mow, reduction, and modified reduction (complete-
copyingclauge-unit-processing) metheds, The simulations
proved that swfMicient parallelism can be cbtained by these
metheds. An ebstract data type mechanism was evaluated
for the languege specifications of the kernsl language.

(2) Knowledge base subaysism

in) Target: A knowledge base machine stores, retrieves, and
elliciently updates knowledge date expressed in a knowledge
representation or the kernel language. Finding basic
technigques for development of such a8 machine was & target
of the initial stage. As such, three mechanisms had b be
researched and developed: the knowledge base basie
mechanism, the paraliel relational knowledpge processing
mechanism, and the relational deta base mechanism, Uther
targets were to evaluate methods for building and menaging
& knowledge haae logically, to determine 8 basic architectiure
for parallel relational knowledge computation and o basic
architecture for o relational data base machine (by
simulating the machine), and finally to construet and

evaluate the mochine.

(b} Results: A relational data base machine called Delts was
constructed. This machine consists of hierarchical storaga,
four parallel relational algebraic computation engines, and
multiple processors having disiributed functions, Delta
connects with the sequentisl inference mechine through an



interface that transfers relational slgebraic commands and
data.

{31 Basic software system

The basic sollware system is the nucleus of Alth generation
computer goftware. The system consists of the 5G kermal
language, problem solving inference software, knowledge base
management seftware, intelligent interface saltware, and
intelligent programming software, all of which are described
belaw,

(i} 80 language

ta) Targets: The kernel language version 0 (KLOY s &
sequential longuage specilying the intecfnee hetween the core
bardware and soltware of the pilot model for application
sofiware development, The target was KLO prototype design
and ﬂe\'élnpmnnl I:]r the end of 1983,

The kernel language version 1 (KL1} is a paralle] language
stipulating the interface between the hardware and sofltware
of the inference subsystem for the intermediate stage,
Determining the basgic langunge speeifications of KL1 was -
another target of the initial stage,

(by Resulis: KLO was developed as the machine language of
the pilot model. It has Prolog functions to which frequently
used functions have been added and from which seldom wsed
functions have been deleted. The added funclions are, for
example, improved execution efficiency, paralle]l execution,
and string menipelation functions, The deleted functions are,
for example, those of program definition and data base
management. Furthermore, & system description language
called Extended Self-contained Prolog (ESP) was developed
separately. ESP has module creation (object-oriented} and
marco expansion functions, By developing KLO and ESP
separately, the conflicting needs for higher efficiency and
flexible description could be harmonized on a high level. The
effectiveness of ESP may have besn sufficiently proved by
SIMPOS, which is deseribed later.

KLI is for advanced parnllel processing, Therefore, it must
support strong independence between minutely divided
cxecution units and assume precise eontral over
communication and synchronization between units, The Nrst
KL1 developed is based on concurrent Prolog and has
functions such as AND parallel, OR parallel, sei'stream
conversion, module ereation, and meta-inference. However,
the environment for the OR paralie]l function and read-only
anngtotions were found to be too complicsted for
implementation, a8 were, as & result of testing prolotyps
processing systems. Therefore, a second KL1 named Guarded
Horn Clause (GHC) was developed by adding semantic rules
to the language specificalions and thereby delating

unnecessary functions.

il Problem solving inference software
(n) Targets: Probiem solving inference software must have
funetions requiring unexplored techniques: e.g.. high-level
inference functions including speculation based on fncomplets
knowledge, cooperative problem solving functions, ete.

Primary R&D targets for this safltware have been nssigned to
the intermediate and final steges, The target of the initial
stage wes 10 develop various prototypes of problem solving
saftware for obtaining the information requisite to reaching

the primary goals.

b Results: Methods to develop parallel inference, meta-
inference, and problem salving inference fonctions were
evalunird. Concerning the parallel inference Tunction, how to
develop & parallel execution interpreter for pure Prolog
programs was evaluated, The meta-inference function infers
and contrals inference itself. For this function, & simulation
language was developed, To improve the execution efficiency
of meta-inference programes, methods to use partial
caleulations and epply the results for numerical formula
processing were evaluated. Coneerning the prablem solving
inference function, techniques for solving particular problems
on actual use were evalunted, Problems dealt with were
distributed-iype problems, probiems in CAD of electronic

circuits, ete.
{iii} Knowledge base software

{a) Targets: Three targets were determined to cope with the
trend towerd larger-scale knowledge bases. The first target
was to evalupte methods to connect & knowledge base and
inference machine. To evaluate the methods, 8 program
managing & large-scale relational dats base had to be
developed, The seeand target was to develop o complieated
knowledge represenlation sysiem intended for a particular
field. The third target waz to develop an experimental
system using knowledge to evaluate our RE&ED resulis.

{b) Resulis: An experimental data base management system
namead Kpowledge Acquisition-oriented Information SupphER
{KAISER) was developed for an orientation te management
of a large-scale knowledge base. The development of KAISER
was based on knowledge representation aceording to
predicate logic and used relational data base technigues
closely nasoeiated with logic representation. KAISER
consisted of modulezs to manage the internal data base for a
Personal Sequential Inference (P51} machine and modules to
mannge the external data base for Delta. The modoles are
for knowledge acquisition, knowiedge manipulation,
knowledge aceumulation, knowledge interface, and knowledge
conversation. The knowledpe manipulation and accumulation
madules are equivalent to & convenlional relational data
bage management program. The knowledge interface madule
translales retrieval requests expressed in a logical language
inte the relational data base manipulation language. The
knowledge conversation module provides necessary
knowledge for the user throogh natural converaation, The
knowledge mcquisition module scquires new knowledge,
stores it in & knowledge base, and updates the contents of
the knowledge buse. !'s functions are basead on logical
formatted knowledge mcquisition,

Twa programming languages instead of a fMixed knowladge
representation gystem were prepared for fMexible knowledpe
reprasentation. One is named Mandala, the other Complex
Indeterminete Language (CIL),



Mandala iz bazed on the logical language KL1 and has a
variety of functions supporting programming technigques used
ta create object-oriented, rube-orimnted, and data-orented
Programs.

CIL is a problem-griented knowledge representation
language. It enabies to modelling the process of
understanding the content of a conversation on the
compuler. The representation format of CIL is so universal
that CIL will find many new applications. In short, this
language 15 Pralog reinforced by frames with constemint.

The peototypes of a Japanese sentence generation support
system and a CAD system for logic design in electronics
were created and evaluated as experimental expert systems.
The applicability of logic, object-oriented, and parallel
languages to these systems was also evaluated.

(ivd Imtelligent interface software

ia) Targets; The main target of the initial stage was to
perform researzh om natural languapges processing for flexible
conversation between men and computers. Other targets
associated with natural langusge processing were the
development of & data base for natural language processing,
development of language analysis technigues, and stody of
the recognition functions of an intelligent inlecface.

{b] Resulis: A datm base for & naturel language (dictionary)
differs in contents and creation method from a dictionary for
uge by humans having common sense and high intalligence.
In the initiel stage, therefore, a small-scale experimental
electronic dictionary was developed w determime the basic
specifications of a full-scale electronic dictionary, Then,
functions such syntactic analysis, semantie analysis, word
analysis, seotence interpretation, and seolence generalion
funetions were researched and developed, The functions
comply with Lexical Functiono! Grammer (LFG) and
Generalized Phrase Structure Grammer (GPSGL Az a syntax
analyter, a high-performance program utilizing the features
of logical langunge was developed and nomed Bottom Up
Parser {BUP:, BUP can be applied to grammer belonging to
8 free grammar famiky of extended contexts, Therefore, a
syntax description system for defining individusl syntactic
rubes was also developed.

An experimentel sentence interpretation system (named
DUALS} was developed for the intelligent interface. This
system reads and understands sentences and responds to
questions according to situational semantic logic. The system
hes syntactie, semantic, ood contextual apalysis functions
that comply with LFG and cen process the kind of sentences
that appear in Japanese text books for 3rd-year elementary
school students. Besides these functions, problem solving and
sentence composition functions were also incorporated in this
system.

(¥} Intelligent prugramming soltware

(n) Targeis: One target concerning intelligent programming
soltware was to develop an ESP-based system that supports
smooth modular programming. Ancther was to develop and
evaluate a software test and management program thal

supports efficient programming stages; i.e., designing, coding,
testing, debugging, moedifying, maintaining, and managing
programs efficiently.

(b} Aesults: The above-mentioned object-oriented language
ESP was developed as a primary function for modular
programming, The programming system was developed and
installed In & PSI machine, which is now being used.

The specifications of experimental systems were evaluated
a3 those of software verification programs. The experimental
sysiems are & softwore development consultation system, a
higrarchicel logic program verification gystem, etc.
Furthermaore, prototype for o few of these systems wers
developed.

41 Filot model for software development

taTTa.rgets; The madel is & Seql.u'nr.[ll Inference Machine
tabbreviated SIM here) having & partially improved version
of the existing von-Neumann architecture and is a tool for
eificiently develosping software for {ifth generation computers.
Developing SIM hardware and software was a target of the
initial stapge.

SIM hardwere is a firmware-based machine supporting
KLO. When executing soltware writien in the kerpel
lznguage, this hardware must exhibit execution speed
several times faster than the execution speed of o large scele
general-purpuses machine and provide larger addressable
gpace than 10M bytes, SIM software iz the 08 for SIM. IF
eombined with intellipent progeamming soflware, this O3

becomes a programming apersling system.

(b} Reautts (SIM hardwarer: The SIM hardware consists of
busic and extended systems, The basic system consists of o
PS5l machine and & LAN. This system was developed In the
initial stage o assist software development. The extended
eystem consists of @ Cooperative High-performance sequential
Inference (CHI} machine placed behind a PSI machine and
peripherals such as graphie IO units. A relatively long
period was allowed for develuping the extended system
berause the system had to have high performance and
edvanced functions.

Both PSI and CHI machines have a tag architecture and
use & microprogram contrel method, The design of the PSI
machine has placed emphasis on supporting /0 control
functions of the 05, but that of the CHI machina behind PSI
has minimized these functions and placed emphasis on high-
speed execotion of programs written in logical languages.
The execution speed of the PSI machine is J0K Logical
Inference Per Second (LIPS), and that of the CHI machine
200K LIPS or higher, The storage capacity of P51 is 40 bits
£ 16M words, and that of CHI is 36 bits x 64M words. Tha
PSI machine eyele time is 200 nanoseconds, and the CHI
epunterpart i 100 nanceeconds. The main devies technigues
wiwd in PSI are TTL and NMOS techniques, and those in
CHI are CML and CMOS techniques. By the end of 1986,
a.ppm]iml.l.l]y 100 PSI machines were in use for software
development by the fifth generation computer project,



{b} Results (SIM softwarek SIM software consists of &
programming system and an O5. Thuos it is ealled the 5TM
Programming and Operating System (SIMPO3), SIMPOS
divides ints four lnyers. Among these, three luyers, the
kernel, supervisor, and O cootroller, form the 05, the ene
layer above the other three iz the programming system.
SIMPOS has been designed aceording to the policies below.

{A) System design based on a single framewsork: The
machine, language system, OS5, and programming system
should be structured in the same logical programming
Meamework.

(A} Conversstionsl system having multi-window functions:
A multi-window system including 8 mouse and keyboard is
an extremely efTective conversation means in an intellipent
Eysiem.

(C} Data base function: A legical language and a relational
data base are very harmonious. Therefore, & new
progremming system and 8 new (8 fully utilizing data base
functions should be developad.

(D} Japanese languapge processing: Paople should be able to
communicete with computers in their own language. To be
wsable in Japan, computers must be able to process the
Japanese language,

{E} Compatibility: As many existing software modules as
possible should be reusable to ereate a large-peale program.
Therefore, funstions providing the necessary compatibility
should be available,

9. Intermediate Stage R&D Targets and Current
Situation

The intermediate stage (1985 to 19881 is important for this
project because the success or failure of project will be
determined in this stuge. In this respect, the RED targets of
this stage were formulated sccording to the following policies.

(o) The basie softwnre technigues necessary for problem
solving inference, knowiedge base management, intelligent
interface, and intelligent programming functions should he
dzvehlpzd.

(b As & hardware system supporting the abave basic software
functions, n number of small-te-medium seale subsysiems
(inference and knowledge base subsystams) should be
developed. Then, their functions should be tested.

{c) A parallel software envirenment and & network system
should be created ms an infra-structure for supporting software
development

The RED targets of the intermediate stage and the current
pitzation are described below for hardware, software, and
development support systems.

(11 Hardware system

The final fifth generation computer hardware consists of
inference and knowledge base subsystems. The desired

execution speed of the hardware is in the range 100M w 1G

LIPS,

Fesearch and development of the hardware gyvstem in the
intermediate stage i= based on the RE&D results of mechanisms
for inference and knowledge base subsystems end of SIM in
the initia]l stage. Also, the R&ED Follows the parallel-language
specilieations of KLL.

The R&D goal in the intermediate stage is to determine an
advanced parallel-machine architecture for the inference and
knowledge base subsystems. This goal is closely associated
with the research and development resource and execution
management software (an OS5 for parallel machines) and
parallel processing software that are execuled in the pacallel-
processing machines,

{A) Inference subsystem

The first R&D target of the inference subsystem in the
intermediate stage is to study the mechamsms developed in
the initial stape {e_g., data flow and redection mechanisms)
with KL! specifications, evaluate the results, and extend the
mechanisms. As well, the other RED tarpets listed below are
now being pursued with the goal of developing a Farallel
Inference Machine (PIM) suitable for & parallel logical
language.

{u} PIM architecture: The PIM architecture should be
determined for & network of approximately 100 slemant
processors. Then, prototype hardweare should be developed
and its operations tested.

{b} Component modules; The prototypes af companent
medules performing fine-grained parallel processing in an
element processor should be developed. The modules must
operate according lo methods implemented by mechanisms
such as data flow and reduction.

(e) Large-scale PIM architecture: A network of approzimately
1000 element processors should be simulated by software,
Alsa, the mechanism connecting & FIM and o Knowicdge
Bese Machine (KBM) sheuld be investigated.

During the first vear of the intermediate stage (19851, we
evaluated in detail the data fow, reduction, complete copy,
and clause unit methods that were implemented in the
initind stage. At the same Lime, the architecture of PIM
executing KLI was evaluated, as were the component
modules. Furthermore, basic PIM specifications were
determined, and a prototype software simulator for modelling
PIM was developed.

(B HKnowledge base =i system

Hased on R&D results of the initial stage (RDBM), R&D of
the knowledge base subsystem in the intermediate stage
should clarify techniquas for developing the knowledge
eomputation mechanisms that KBM ought to be eguipped

§ —



with. Then, the architecturs of parallel KEM should be
deternuned, and prototype hardware developed, Furthermore,
techniques for developing mechanisms supporting distributed
knowledge bases should be clarified. Thess targets are
detniled helow,

(a) KBM architectures Technigues for developing knowledge
egmputation mechanisms should be investigated. Also, the
prototype of a knowledge computation engine having
fumetions such as sorting variable-length records and
collating character strings should be developed.

b Distributed knowledge hase architecture: Muliiple
knowledge bazes may be connected by a high-speed bus or
Local Area MNetwork (LANL To make thess knowledge bases
which appear ingically a3 a single knowledge base, a contral
mechanism for distributed KBM is necessary.

This mechanism should be investigated. Also, a soltware
simulator and a verification system should be developed.

ie) Large-scale KBM architecturs; The parallel processing
mechanisms of KEM ghould be investigated, and prototypes
of & software simulator nnd an operation test simulater
should be developed,

In the intermedinte stage, we evaluated in detail the
connggtion between the relotional data base machine, Delta,
which had been deveioped in the initial stage, and & P3[
machine, We also evaluated & mode] architecture for KBM

and prepared for the development of & prototype test gystam.

121 Basic software system

The final R&D goal of the basic software system iz o
develop the nuelens of filth generation computer software,

In the intermedigte stage, the H&D targets of the basic
software system are to extend Kernel Langusge version 1
(KLL), design the specifieations of Kernel Language 2 (KL2),
research and develop new software techniques auch as
perallel-inferance contral, implement the ¢lement technique
develnped in the initial stage, and develop & full-scale
prototype system. These gix H&D targets in the intermodinte
stage are detailed below,

Ihring the first year of the intermediate stage, the
implementation specifications of KL1 were determined, and
prototypes of pertions of processing systems were developed.
To implement the element technology, a sample program
was designed and developed, and & Lest system was designed
and partially develaoped.

{A) 5G Kernel Language

{n) KL1: KL1 supports the hardware system developed in the
intermediale stage. Seme processing systems in KLI are
useful] for cresting a parallel programming envirorment. In
the intermediate stage, these systems and the programming
suppart system in KL1 showld be developed, used to reach
the sther RED ponls, and evaluated. The results should be
reflesied in the specifications of KL2,

{b) KL2: KL2 supports the prototype system to be developed
in the final stage, In the second half of the intermediate
stage, the language specifientions of KL2 should be
determined. The specifications will be KL1 langunge
specifications with knowledge representation functions, ete.

(B) Problem solving inference software modules

Technigues for developing software mudules thut will be the
nuclens of the 05 controlling and managing a PIM should be
develeped. Also, an inductive inference function and an
inference function supplementing knowledge should be
investigated. These R&D targets are detailed below,

(a} Parallel inference sollware: Techniques for controlling
advanced parallel processing should be developed. Then,
software controlling problem solving parallel inference
machines that make deductive inferences at high speed
should be developed.

(b} Basic software for advanced inference: Prototype software
having advanced inference functions and some learning
functions should be developed. Advanced inference functions
such as inductive inference and analogical inference are
necessary for developing an intelligent system.

ich Basic softwary for cooperative problem solution: Prototype
softwpre should be developed that enables cooperation ameng
multiple problem solving programe and perfarms inference by
supplementing knowledge.

(C) Knowledge base munugement sollware modules

Technigues for developing knowledge bass manapement
functions should be developed. These funclivns are knowledge
acquisition that processes both koown and incompietely
known knowledge, knowledge representation, krowledge
storage, and knowledge use that processes distributed
knowledge sources. This R&D target is detailed below.

in) Knowledge representation and use svstem: The knowledge
programming language designed in the initial stage should
evolve to & knowledge representation language for use in a
specific field and treatment as @ common base, Also, &
protatype of 8 knowlodge base creation support system
having knowledge base editing functions ehould be
developed,

by Basic softwars for knewledge acquisition: Tools for
scquiring knowledge from experts should be developed. Also,
technigues for composing rules based on induective inference
should be researched.

{e) Basic roflbware for distributed knowledge base
management: The KAISER developed in the initial stage
should be developed further, 8 model of distributed
koowledge bases should be created, and Lhe algorithm of
managing multiple knowledge bases as a single logical
knowledge base should be determined.



iDilntelligent interface software modules

Software supporting flexible conversations between a
computer and human beings should be researched and
developed. This software must heve the functions of semantic
analysis suppart, sentence noalysis that can cress reference
and process omissions, end sentence generation that creates
natural sentences from semantic expressions, Alsa, 8 pilot
model for researching versatile ennversation funclions should
be developed. The conversation functions must process natural
languages, nooustic data, graphic data, etc, These targets are
detailed below.

{n) Support of dictionary creation: Software sepporting the
creation of and refarence to entries and their semantic
variatisns in & dictionary shouold be developed.

ib) Jupanese language GPSG system: A Japanese language
parser based on the GPSG theory should be developed.

fe) Context interpretation system (extendedt: A prototype of
& context interpretation system should be develaped by
introducing new langunge theories such &s syntactics and
situation semantics,

{d) Conversation system (Pilat madel): A prototype
eonversation system should be developed that models
changes of knowledge about the conversation partner in a
knowledge base during conversation, Alse, technigues for
processinp acoustic and graphic [0 data should be
investigated.

(E) Intelligent programming software modules

Techniques for coding new software in logical languages
ghould he developed, aa should technigues for programming in
specification description Japaneze language and formatied
logical language as well as for converting and verifying
programs. Technigues for supporting an overall programming
procedure ranging from design to maintenance should alse be
developed, These targets are detailed below.

in) Specification deseription natural language system:
Japaness language constrained in grammar and vocabulary
should be used to describe specifications, Therefore, 8 system
is reguired that analyres the syntax and mesning of input
specification description Japanese language and converts the
language to formatted specification descriptions,

{b) Software knowledge mansgement system: Knowledge
abaut programs developed in SIM should be stacked in &
knowledge base, and an intelligent programming support
system esing this knowledge base ghould be developed.

{c) Basic software for program conversion, verification, and
generation: A prototype system should be developed that
converts programe to optimize them logically, tests the
conversion results, and generates programs according to the
results,

{d) Overall programming support system: A prototype system
supporting an entire programming process Lhat ranges from
design to maintenance should be developed.

iF} Demonstretion system for basic software

The R&D results of the basic software should be applied to a
number of fields, Also, protatype softwere testing of the
application results should he developed to fred the test results
back to the basic soltware.

13) Development support system

Advanced R&D requires & suitable RED support system. In
the initial stage, & pilot mode] for software development was
created. In the intermediate stage, parallel soltwarse
development taols should he developed as an infre-structure to
further facilitale R&D.

{a) Parallel software development machines: Parallel software
machines (abbreviated M-51Ms here) should be developed to
support the development of a variety of paraliel-inference
saftware baged on KL1. An M-5TM is the CPU of the small-
to-medium-scale PSI machine developed in the initial stage.
A number of closely connected M-5[Ms make vp a multi-
processor software system for parallel software development.
This system can alsa be used to test the effectiveness of
parellel processing. The system should become usable in the
middle of the intermediate stage.

(b} Improvement and extension of SIM: The functions of the
SIM software and hardware developed in the intial stage
should be improved and extended to become more usefil
tools.

i) Development support netwark system: A Local Aren
Metwork (LAMN) should be extended and improved for more
efMicient development of software. Also, 8 wide area notwork
should be prepared for exchanging data and software
between R&D groups, thereby improving R&D efficiency.

During the intermediate stage, SIMs were improved and
extended, miniaturization and parallelization promoted, and
development supporl networks created.

10, Concluding Remarks

Based on the R&D concept, ICOT is publishing its RED
results, weleoming visiting researchers, and holding active
enmmunication with oversens R&D institutes according to the
following policies: ’

{1} ICOT researchers are sent to leading R&D and academic
institutes In the United States and Europe to investigale
technology, exchange opinions, and present papers.

{21 Experts visiting from other countries are welcomed,
Selected experis are invited for short periods to exchange

idens.



[3) Thiz exchange nlso takes place with overseas government-
groneored Hé&D institutes that are engaged in high-technology
camputer development projects.

The R&D results on the filth generation computer are to be
disserminated for the purpose of establishing creative and
technical foundations of computer science in Japan, To meet
this purpose, the regults are collated and their use promoted.
In May 1988, R&D results of the initial stage, soch as the
P21 machine and SIMPOS, have gone through the procedure
for making them available for use. Since then, their
disgemination has been actively promated. This will expand
the scope of the environment for developing fifth generation
compuier application software and thus greatly contribute to
establishing the foundations of widespread use of fifth
generation computers. For more detrils on current BE&D
results and their perspective, we refer W our recent paper.
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