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The word “generation” is frequently used to
exprass progress made in the computer field,
especially in relation to hardware.
words, in accordance with the elements used 10
build computers, computers using vacuumtubes
were called the first generation, those based on
transistors and diodes the second generation,
those adopting ICs the third gencration, and
those built using LSIs the third and a half
generation. Sincetoday’scomputersuse VLSIs
as elements on a large scale, it is said that
computers have now entered a fourth generation,
Computers have developed rapidly ever since
the announcement of the first general-purpose
computer using a built-in program system, and
processing speed has also increased consider-
ably along with innovations in element tech-
nology. However, conventional computers have
all been based on the von Neumann theory, and
theory has essentially followed in its footsteps,
even up Lo the present.

In other

The Ministry of Intemational Trade and Industry
has implemented various measures to improve
computer technology in Japan. In the mid-
1970’s, MITI requested JIPDEC to carry out a
basic investigation into the research and devel-
opmentofanepoch-making computer that would
mark a significant departure from past theory
and technology. To do this, JIPDEC decided to
carry out investigations and research for a three
year period starting in 1979 with cooperation
from industry, academia, and government, For

From the Editor

this 1nvestigation, JIPDEC established a re-
search committee composed of researchers and
specialists from universities, governmental and
industrial laboratories, and users, and held ac-
tive discussions in a wide range of fields, such
as basic technical theory, the conditions of the
soctal environment, and computer architecture,
With expectations for the advent of a new
generation computer, this computer was called
the next generation computer, that is, the “Fifth
Generation Computer”. The results of this
three-year investigation were reported to the
government and were made public at an inter-
national symposium to an audience of Japanese
and overseas specialists.
evaluated highly by thc government, and in
1982, the government decided to establish an
“Institute for New Generation Computer Tech-
nology (ICOT)” through joint investment with
private enterprise to promaote this project. The
Fifth Generation Computer Project was estab-
lished as a long-term plan extending over about
10 years. The project had achieved the desired

The results were

objectuves 10 a certain extent by the end of
March, 1992 and was brought 10 a close in
March, 1993 after ong year of final unification,
evaluation, and improvement work.

Japan leamed many things from the major indus-
trialized countries at the dawn of the computer
age, and today’s Japanese computer technology
was [ostered based on this knowledge. Making
a contribution internationally through the ex-
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ecution of this new kind of project was an impor-
tant role for Japan. Therefore, at the start of the
Fifth Generation Computer Project, MITIwidely
appealed to overseas research institutes for in-
volvement in the project. At the same time,
interim results from the project were made public
externally by holding international sympostums
as necessary. To promote smooth execution of
the project, JIPDEC dispatched many engineers
10 ICOT to offer their cooperation. Al played an
important role in this project in the research of
basic theory, etc. Regarding Al, trial introduc-
tion of expert systems has become popular in
private enterprise, but it has been pointed out that
Alcannot be expected to spread further because
development techniques have not yet been es-
tablished. Therefore, [COT and JIPDEC estab-
lished an ICOT-JIPDEC Al Center in 1986 to
investigate, study, and disseminate Al technol-
ogy. Iis specific accomplishments include the
publication of “The Al Vision”, and “The Al
White Paper”, etc., and the sponsorship of van-
ous lectures and seminars.

The research and development phase of the
Fifth Generation Compulter Project was com-
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pleted at the end of March, 1993, but the propa-
gation of itsresults willcontinue to be important
from now on. Therefore, for a period of two
years starting in April, 1993 JIPDEC will make
efforts to disseminate the parallel knowledge
pracessing technology fostered in the project.

The history of research and development of the
project, an outline of its results, and the pros-
pects for the future, etc. will be introduced in
this issue to commemorate the completion of
the Fifth Generation Computer Project. In
drawing up this summary, we received full-
scale cooperation from [COT. We would like
1o use this opportunity 1o acknowledge this
support, and we hope this report will be of help
to our readers,

Wm&——ﬁu

Yuji Yamadori
Director
Research & Intemnational Affairs
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1. Preliminary Study Stage for the FGCS
Project

The circumstances prevailing during the pre-
liminary siage of the FGCS Project, from 1979
to 1981, can be suminarized as follows:

Japanese computer technologies had reached
the level where they are now among the most
up-to-date overseas compulter technologies.

A change of the role of the Japanese national
project for computer technologies was being
discussed whereby there would be amove away
from improvement of industrial competitivencss
- bycatching up withthe latest European computer
technolegies and toward worldwide scientific
contributions through the development of
leading computer technologies with all its in-
herent risks.

Regarding this situation, the Japanese Ministry
of Intemational Trade and Industry (MITT) began
study cn a new project — the Fifth Generation
Computer Project. This term expressed MITI's
commitment to developing leading technolo-
gies that would progress beyond the fourth
generation computers due to appear in the near
future and which would anticipate upcoming
trends.

The Fifth Generation Computer Research
Committee and its subcommittee were estab-

Overview of the FGCS Project

lished in 1979. It took unti} the end of 1981 10
decide on target iechnologics and a framework
for the project.

Well overone hundred meetings were held with
a similar number of committee members par-
ticipating. The following importantnear-future
computer technologies were discussed:

» Inference computer technologies for
knowledge processing

« Computer technologies to process large-
scale data bases and knowledge bases

» High performance workstation technologies

» Distributed functional computer technolo-
gics

« Super-computer technologics for scientific
calculation

‘These computer technelogies were investigated
and discussed from the standpoints of interna-
tional contribution through the development of
original Japanese technologies, the important
technologies of the future, social needs and
conformance with Japanese govemment policy
for the national project,

Through these studies and discussions, the
committee decided on the objectives of the
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project by the end of 1980, and continued future
studies of technical matters, social impact, and
project schemes. ‘

The commitice’s proposals for the FGCS Project
are summarized as follows:

(1) The concept of the Fifth Generation Com-
puter: tohave parallel (non-VonNeumann)
processing and inference processing using
knowledge bases as basic mechanisms. In
order to possess these mechanisms, the
hardware and sofiware interface is (o be a
logic program language (see Figure 1).

(2) The aobjectives of the FGCS project: to
develop these innovative computers which
are capable of knowledge information
processing and to overcome the technical
restrictions of conventional computers.

(3) The goals of the FGCS project: toresearch
and develop a set of hardware and software

OComputer for

Knowiedge Information
Processing System (KIPS)

OBasic Functions—>

#Inference using Knowledge base

#Ease of Use

(Intelligent Assistant for
Human Activities)

OBasic Mechanisn of H/W & S/W—

¥ Logical Inference Processing

(based on Logic Programming)

YHighly Parallel Processing

technologics for FGCS, and to develop an
FGCS prototype system consisting of a
thousand element processors with infer-
ence execution speeds of between 100M
LIPS and 1G LIPS (Logical Inferences Per
Second).

(4) R&D period for the project: estimated to
be ten years, divided into threc stages.

» 3-year initial stage for R&D of basic
technologies

=+ 4-year intermediate stage for R&D of
subsystems

» 3-year final stage for R&D of total pro-
totype system

MITI decided to launch the Fifth Generation
Computer System (FGCS) project as a national
project for new information processing, and
made efforts 1o acquire a budget for the project.

Software
A

A \
! 1
i 1)
r. .1
| /" Inference | [Knowledge",|;
1‘- Functions ase Functions }
i Logic [i,
AN Programming A
‘I ——————————— o I
3 i
3 ]
A\ _.v'
\ I
S2_XT. Hardware

Figure 1. Concept of the Fifth Generation Computer
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At the same time, the intemational conference
on FGCS "81 was prepared and held in October
1981 to announce these results and to hold dis-
cussions on the topic with foreign researchers.

2. Stages and Budgeting in the FGCS
Project

The FGCS project was designed 1o investigate
a large number of unknown technologies that
were yet lohe developed. Since thisinvolved a
number of risky goals, the project was sched-
uled over a relatively long peried of ten years.
This ten-year period was divided into three
stages.

» In the initial stage (fiscal 1982 - 1984), the
purpose of R&D was to develop the basic
computer technologies needed to achieve
the goal.

+ Intheintermediate stage (fiscal 1984 - 1988),
the purpose of R& D was to develop small to
medium subsystems.

« In the final stage (fiscal 1989 - 1992), the
purpose of R&D was 1o develop a total
prototype system. The final stage was ini-
tially planned to be three years. After
reexamination halfway through the final
stage, this stage was extended to four years
to allow evaluation and improvement of the
total system in fiscal year 1992. Conse-
quently, the total length of this project has
been extended to 11 years,

Each year the budget for the following years
R&D activities is decided. MITI made strenu-
ous efforts in negotiating each year’s budget
with the Ministry of Finance. The budgets for
each year, which are all covered by MITI, are
shown in Figure 2. The total budget for the 3-

year initial stage was about 8 billion yen. For
the 4-vear intcrmediate stage, it was approxi-
mately 22 billion yen. The total budget for 1989
to 1991 was around 21 billion yen. The budget
for 1992 is estimated to be 3.6 billion yen,

Consequently, the total budget for the 11-year
period of the project will be about 54 billion yen.

3. Summary of the Project Research
Resulits

In the Fifth Generation Computer Project, two
main research targets were pursued: knowl-
edge information processing and parallel
processing. Logic programming was adopted
as a key technology for achieving both targets
simultaneously. Atthe beginning of the project,
we adopted Prolog as our vehicle to promote the
entire research of the project. Since there were
nosystematicresearch attempts based on Prolog
before our project, there were many things to
do, including the development of a suitable
workstation for the research, experimental
studies for developing a knowledge-based sys-
tem in Prolog and investigation inlo possible
parallel architecture for the language. We rap-
idly succeeded in promoting research in many
directions.

From this research, three achievements are worth
noting. The first 5 the devetopment of our own
workstation dedicated to ESP: Extended Self-
contained Prolog. We developed an operating
system for the workstation completely in ESP [1].

The second is the application of partial evalua-
tion to meta programming. This enabled us to
develop a compiler for a new programming
language by simply describing an interpreter of
the language and then partially evaluating it.
We applied this technique to derive abottom-up
parser for context-free grammar given a bottom
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Figure 2, Budgets for the FGCS praject

up interpreter for them. In other words, partial
evaluation made meta programming useful in
real applications.

The third achievement was the development of
constraint logic programming languages. We
developed two constraint logic programming
languages: CIL and CAL. CIL is for natural
language processing and is based on the incom-
plete data structure for representing “Complex
Indeterminates™ in situation theory, It has the
capability to represent structured data like
Minsky’s frame and any relationship between
slots’ values can be expressed using constraints.
CIL was used to develop a natural language
understanding system called DUALS. Another
constraint logic programming language, CAL,
is for non-linear equations. Itsinference is done
using the Buchberger algorithm for computing
the Grobner Basis which is a variant of the
Knuth-Bendix completion algorithm for a term
rewriting system.
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We encountered one serious problem inherent
to Prolog: that was the lack of concurrency in
the fundamental framework of Prolog. We
recognized the importance of concurrency in
developing parailel processing technologies,
and we began searching for alternative logic
programming languages with the notion of
concurrency.

We noticed the work by Keith Clark and Steve
Gregory on Relational Language {2] and Ehud
Shapiro on Concurrent Prolog [3]. These lan-
guages have a common feature of committed
choice nondeterminism tointroduce concurrency.
We devoted our efforts (o investigating these
languages carefully and Ueda finally designed a
new committed choice logic programming lan-
guage called GHC [4] [5], which was simpler
syntax than the above two languages but still has
similar expressiveness. We recognized the im-
portance of GHC and adopted it as the core of our
kemel language, KL1, in this project. The intro-




duction of K1.1 made it possible to divide the
entire research project into two parts: the de-
velopment of parallel hardware dedicated to KL 1
and the development of software technology for
the language. In this respect, the invention of
GHC is the most important achievement for the
success of the Fifth Generation Computer Sys-
tems project.

Besides this language oriented research, we
performed extensive fundamental rescarch in
the field of artificial intelligence and software
engineering based on logic and logic program-
ming. Thisincludesresearch onnon-monotonic
reasoning, hypothetical reasoning, abduction,

induction, knowledge representation, theorem
proving, partial evaluation and program trans-
formation. Weexpected that thisresearch would
become important application ficlds for our
parallel machines by the affinity of these prob-
lems wilh logic programming and logic-based
parallel processing, This is now happening,

In this article, we firstdescribe the research and
development of the sequential inference ma-
ching PSI. Then, we presentourresearchresults
on constraint logic programming. Finally, we
discuss our research activities in the field of
parallel inference from both hardware and soft-
WAIC aspccts.

JCQ No. 93, 1993



FGCS Project Research Results

(1) Personal Sequential Inference Machine (PSI-I)

To aclually build the parallel inference system,
especially a productive parallel programming
environment which is now provided by PIMOS,
we needed to develop various clement tech-
nologies step by step to obtain hardware and
software components. On the way toward this
development, the most promising methods and
technologies had to be selected from among
many alternatives, followed by appropriate
evaluation processes. To make this selection
reliable and successful, we tried to build ex-
perimental systems which were as practical as
possible.

In the initial stage, to evaluate the descriptive
power and execution speed of logic languages,
apersonal sequential machine, PSI, wasdevel-
oped. This was a logic programming
workstation. Thisdevelopment was alsoaimed
at obtaining a common research tool for soft-
ware development. The PSI was intended to
attain an execution speed similar to DEC10
Prolog running on a DEC20 system, which
was the fastest logic programming system in
the world.

To begin with, a PSI machine language, K1.0,
was designed based on Prolog, Then ahardware
systemn was designed forthe KLO. Weemployed
tag architecture for the hardware system. Then
we designed a system description language,
ESP, which is a logic language having a class
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and inheritance mechanisms o make program
modules efficiently [6]. ESP was used not only
to write the operating system for PSI, which is
named SIMPQOS, but also to write many experi-
mental software sysiems for knowledge
processing research,

The development of the PSI machine and
SIMPOS was successful, We were impressed
by the very high software productivity of the
logic language. The execution speed of the PSI1
was about 35K LIPS and exceeded its target.
However, we realized that we could improve its
architecture by using the optimization capability
of a compiler more effectively. We produced
about 100 PSI machines to distribute as a
common research tool. This version of the PSI
1s called PSI-1L

The implementation of the PSI-I hardware re-
quircd 11 printed circuit boards. As the amount
of hardware became clear, we established that
we could obtain an element processor for a
parallel machine if we used VLSI chips for
implementation.

For the KLO language processor which was
implemented in the firmware, we estimated that
better optimization of object code made by the
compiler would greatly improve execution
speed. (Later, this optimization was made by
the introduction of the “WAM?” code [7].




The PSI-II used VLSI gate array chips lor its
CPU. The size of the cabinet was about one
sixth that of PSI-1. Its execution speed was
330K LIPS, about 10 times faster than that of
PSI-1. This improvement was attained mainly

11

through employment of the better compiler
optimization technique and improvement of its
machine architecture. The main memory size
wasalso expanded 1o 320MB so that prototyping
of large applications could be done quickly.

JCQ No. 93, 1993



FGCS Project Research Results

(2) Constraint Logic Programming

Constraint logic programming is one of the
most promising areas in the field of logic pro-
gramming. The domainof Prolog isexiended to
cover most Al problems. The objective is to
combine constraint satisfaction and logic pro-
gramming. The reasons for its success are 1) it
is a straightforward extension of Prolog by
extending the notion of unification to deal with
constraint satisfaction, and 2) it extends the
scope of declarative programming to a wider
class of problems such as linear equations and
inequations by dealing with them in a way
uniform with unification between terms. From
the constraint satisfacticn viewpoint, it provides
programming capability to the description of
the problem based on constraint satisfaction.
Jaffarand Lassez \cite {jaffar.clip) gavecriieria
for a constraint logic programming system to
inhentimportant aspects of logic programming
such as soundness, completeness and fixpoint
semantics. It is worth noting that constraint
logic programming is derived by exiending
unification. We will discuss later how concurrent
logic programming is derived by restricting
unification,

We began our consiraint logic programming
research almost at the beginning of our projecl,
in relation to the research on natural language
processing. Mukai [8] developed a language
called CIL{Complex Indeterminates L.anguage)
for the purpose of developing a computational
model of situation semantics, A complex inde-

JCQ No. 93, 1993

12

terminate is a data structure allowing partiaily
specified terms withindefinite arity. During the
design phase of the language, he encountered
the idea of freeze in Prolog II by Colmerauer
[9]. He adopied frecze as a proper control
structure for our CIL language.

From the viewpoint of constraint satisfaction,
CIL onlyhasapassive way of solving constraint,
which means that there isno active computation
for solving constraints such as consiraint
propagauon or solving simultaneous equations,
Later, we began qur research on constraint logic
programming involving active constraint solv-
ing. Thelanguage we developedis called CAL.
Itdeals with non-linear equations as e Xpressions
to specify constraints. Three events triggered
the research: one was our preceding efforts on
developing a term rewriting system called
METIS for a theorem prover of lingar algebra
(10]. Another event was our encounter with
Buchberger’s algorithm for computing the
Grobner Basis for solving non-linear equations.
Since the algorithm is a variant of the Knuth-
Bendix completion algerithm for a term re-
writing system, we were able to develop the
system easily from our experience of develop-
ing METIS. The third event was the develop-
ment of the CLP(X) theory by Jaffar and Lassez
which providesaframework for constraint logic
programming languages [11].

There is forther remarkable research on con-




straint logic programming in the field of ganeral
symbol processing [12). Tsuda developed a
language called cu-Prolog. In cu-Prolog con-
straints are solved by means of program trans-
formation technigues called unfold/fold rans-
formation (these will be discussed in more
detail later in this paper, as an optimization
technique in relation to software engineering).
The unfold/fold program transformation is used
here as a basic operation for solving combina-
torial constraints among terms. Each time the
transformation is performed, the program is
modified 10 a syntactically less constrained
program. Note that this basic operation is
similar to term rewriting, a basic cperation in
CAL. Both of these operations try to rewrite
programs to obtain certain canonical forms.
The idea of cu-Prolog was introduced by Hasida
during his work on dependency propagation
and dynamical programming {13]. They suc-
ceeded in showing that context-free parsing,
whichis as efficientas chart parsing, emergesas

a result of dependency propagation during Lhe
execution of aprogram givenasa setof grammar
ritles incu-Prolog. Actually, thereisno need to
construct a parser. cu-Prolog itself works as an
efficient parser.

Hasida [13] has been working on a fundamental
issue of artificial intelligence and cognitive
science from the aspect of a computational
maodel. In thiscomputation model of dynamical
programming, compuaiation is controlled by
various kinds of potential energies associated
with each atomic constraint, clause, and unifi-
cation. Potential energy reflects the degree of
constraint violation and, therefore, thereduction
of energy contributes to constraint resolution.

Constraint logic programming greatly eariched
the expressiveness of Prolog and is now pro-
viding a very promising programming envi-
ronment for applications by extending the do-
main of Prolog to cover most Al problems.
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FGCS Project Research Results

(3) Parallel Inference System

1. FGHC

The most important feature of FGHC is that
there is only one syntactic extension (o Prolog
called the commitment operator and is repre-
sented by a vertical bar "I". A commitment
operator divides an entire clause into fwo parts
called the guard part (the left-hand side of the
bar) and the body part (the right-hand side).

FGHC is a subset of GHC and allows only
unification and test predicates tobe written iniits
guard part to prevent the guard from being
nested during execution. FGHC is more ame-
nable to the process interpretation of programs
than GHC and is expressive enough.

The guard of a clause has two important roles:
one is to specify a condition for the clause to be
selected for the succeeding computation, and the
other is to specify the synchronization condition.
The general rule of synchronization in FGHC is
expressed as dataflow synchronization. This
means that computation is suspended until suffi-
cient data forthecomputation arrives, Inthecase
of FGHC, guard computation is suspended until
the caller is sufficiently instantiated to judge the
guard condition. For example, consider how a
ticket vending machine works. After receiving
money, it has to wait until the user pushes a
button for the destination. This waiting is de-
scribed as a clause such that "if the user pushed
the 160-yen button, then issue a 160-yen ticket".
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The important thing is that dataflow synchroni-
zation can be realized by a simple rule govern-
ing head unification which occurs when a goal
is executed and a corresponding FGHC clause
is called. This rule is stated as follows: the
informatien flow of head unification must be
one way, from the caller to the callee.

The caller corresponds to a job scheduler and
the callee corresponds to workers in the office.
The dataflow corresponds to the job orders from
the job scheduler o workers. Each worker has
a speciality and conditions about the jobs that
can be done. In this case, each worker has to
wait for the arrival of adetailed job order before
starting work in order to check the conditions.
Note that the information flow of job orders is
one way -- from the job scheduler to workers.

This principle is very important in two aspects:
oneis that the language provides a natural tool for
expressing concurrency, and the other is that the
synchronization mechanism is simple enough to
realize very efficient parallel implementation.

2. KL1

KL1 (Kernel Language version 1} is an exten-
sion 10 FGHC and consists of two sublanguages,
KLI1c (KL1 corc), and KL1p (KL1 pragma).

KL1 enables a process to observe and control
the exccution of other processes at the meta-




level, a feature needed in devcloping our oper-
ating system PIMOS for Multi-PSI and PIM.
KLIp is a sublanguage for annotating map
information; allocation of processes to proces-
sors and priorities among processes.

While FGHC programs represent concurrency
independently from the machine architecture
on which they are executed, KL.1p maps them
onto parallel processors. Even if the FGHC
programs ¢xpress high potential parallelism, it
does not necessarily mean that they run faston
existing parallel hardware. The important is-
sues to be considered in achieving good per-
formance on parallel hardware include: load
balancing, locality of communication and pri-
ority control. Note that these issues affect only
efficiency, not correctness., Although it is de-
sirablc to automate mapping, there isnouniversal
way to do this appropriately. We are investi-
gating various techniques of oad balancing and
priarity control. We succeeded in developing
automatic load balancing [or a class of search
problems [14]. This indicates the possibility of
extending the problem domains amenable to
automatic load balancing.

Communication costs are very high, especially

in distributed memory architecture. Primitive
operations like unification are around 10 wo 100
times slower when they are performed across
the interconnection network. We need to take
communication overheads into account when
we distribute loads to processors. The locality
of computation is important, and il granularity
is insufficient, performance may decrease. In
KL1, we can adjust granularity and increase
locality by appropriately specifying load distri-
bution using the annotation facilitics in KL 1p.

3. PIM hardware and KL1 language
processor

To find an optimal architectural design, we se-
lected several important features, such aselement
processor architecture and network structure,
and decided to build five PIM modules having
different design choices. The main features of
these five modules are listed in Table 1. The
number of element processors required for each
module was determined depending on the main
purpose of the module. Large modules have 256
to 512 element processors, and were intended (o
be used for software experiments. Small mod-
ules have 16 or 20 element processors and were
builtforarchitecturalexperiments and evaluation.

Table 1, Features of PIM Modules

Item PIM/p Pitje Plitm PIN Pl

Machina instructions RISC-type + Horizonlat Herizontal RISC-type RISC-lype
macro inslruclions | microinstruclions microinstructions

Targel cycle ima 60 nsec 65 nsec 50 nsec 100 nsec 100 nsec

LS! devices Slandard ceit Gata array Cell base Standard cell Custom

Procass Technology 0.96 um 0.8 pm 0.8 pm 1.2 wm 1.2 pm

{lina width)

Machlne configuration Multicluster Mutticluster Two-dimensional | Shared memory | Two-lavel
conneclions {& PEs | conneclions {8 PEs mash natwork conneclions pasallal cacha
linkad to a shared | + CC linkad lo a conneclons through a conneclicns
memody) in a shared memory) paratiel cache
hypercuba natwork | in a crossbar nabtwork
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| ®L1 Paratlet Implementation |

KL1 Program

KL1-B Code

Auntime Librarles,
Microprograms, or
Object Codes

. CLLE

-------------- ARV IR AR

Resl Hardware

(PIM/p, PIM/m, PIM/c, PIM/i,
PiM/k, Multi-PSI)

Compilation inlo an intermediale Janguge,
KL1-B (similar to WAM of Prolog).

Translormalion

There are many transformation meihods
corresponding to hardware archilcclures.

Specillcation
of KL1-B
Abstract Machine

(Shared-memory Mulliprocessors
+ Loosely-coupled Netwark}

N

Figure 1. KL1 Language Processor and VPIM

All of these modules were designed to support
KL1 and PIMOS, so that software researchers
could run one program on the different modules
and compare and analyze the behaviors of par-
allel program execution.

A PIM/m module employed architecture simi-
lar to the multi-PSI system. Thus, its KL1
language processor could be developed by sim-
ply modifying and extending that of the multi-
PSI system. For other modules, namely PIM/p,
PIM/c, PIM/k, and PIM/i, the KL1 language
processor had to be newly developed because
all of these modules have a cluster siructure. In
acluster, four to eight element processors were
tightly coupled by a shared memory and a
common bus with coherent caches. While
communication between element processors is
done through the common bus and shared
memory, communication between clusters is
done via a packet switching network., These
four PIM modules have different machine in-
struction sets.

Weintendedto avoid the duplication of develop-
ment work for the KL.1 language processor. We
nsed the KL1-C language 1o wnie PIMOS and
the usual application programs. A KL.1-C pro-
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gram is compiled into the KL1-B language,
which 1s similar to the "WAM" as shown in
Figure 1. We defined an additional layer be-
tween the KL 1-B language and the real machine
instruction, This layer is called the virtual hard-
ware layer. It has a virtual machine instruction et
called "PSL." The specification of the KL1-B
interpreter is described in PSL. This specifica-
tion is semiautomatically converted Lo a real
interpreter or runtime routines dedicated to each
PIM modulcs. The specification in PSLis called
a virtual PIM processor (the VPIM processor for
short) and is common to four PIM modules.

PIM/p, PIM/m and PIM/c are intcnded to be
used for large software experiments; the other
modules were intended for architectural evalu-
ations. We plan to produce a PIM/p with 512
element processors, and a PIM/m with 384
element processors. Now, at the beginning of
March 1992, a PIM/m of 256 processors has just
started to run a couple of benchmarking pro-
grams, The main features and appearances of
PIM/p and PIM/m are shown in Figure 2 and
Figure 3, respectively.

We aimed at a processing speed of more than
100 MLIPS for the PIM modules. The PIM/m
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with 256 processors will attain more than 100
MLIPS as its peak performance. However, for
apractical application program, this speed may
be much reduced, depending on the character-
istics of the application program and the pro-
gramming technique. To obtain beuter per-
formance, we must attempt to augment the
effect of compiler optimization and 10 imple-
ment a better load balancing scheme. We plan
to run various benchmarking pregrams and
experimental application programs Lo cvaluate
the gain and loss of implemented hardware and
software functions.

4., Development of PIMOS

PIMOS was intended to be a standard parallel
operaling system for large-scale parallel ma-
chines used in symbol and knowledge process-
ing. It was designed as an independent, self-
contained operating system with a program-
ming environment suitable for KL1. Its func-
tions for resource management and exccution
control of user programs were designed as
independent from the architectural details of
the PIM hardware. They were implemented
based on an almost completely non-centralized
management scheme so that the design could
be applied to a parallel machine with one mil-
lion clement processors [15].

PIMOS is completely written in KLI1. Tts
management and control mechanisms are im-
plemented using a "meta-call” primitive of KL 1.
The KL 1 language processor has an embedded
automatic memory management mechanism
and a dataflow synchronization mechanism.
The management and conitrol mechanisms are
then implemented over these two mechanisms.

The resource management function is used to
manage the memory resources and processor
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resources allocated 10 user processes and input
and output devices. The program execution
control function 1s used to start and stop user
processes, control the order of exccution fol-
lowing priorities given to them, and protect
system programs from user program bugs like
the usual sequential operating systems.

PIMOS supports multiple users, accesses via
network and so on, Italso has an efficient KL1
programming environment, This environment
has some ncw tools for debugging parallel pro-
grams such as visualization programs which
show a programmer the status of load balancing
in graphical forms, and other monitoring and
measurement programs.

5. Knowledge base management system

The knowledge base management system COn-
sists of two layers. The lower layer is a parallel
database management system, Kappa-P. Kappa-
P is a database management system based on a
nested relational model. Itis more flexible than
the usual relational database management sys-
tem in processing data of irregular sizes and
structures, suchas natural language dictionaries
and biological databases. '

The upper layer is a knowledge base manage-
ment systemn based on a deductive object-on-
ented database [16]. This provides us with a
knowledge represcntation languapge, Quixote
[17). These upper and lower layers are written
in KL1 and are now operational on PIMOS.

The development of the database layer, Kappa,
was started at the beginning of the intermediate
stage. Kappa aimed to manage the "natural
databases” accumulated in society, such as
natural language dictionaries. It employed a
nested relational model so that it could easily




handle data sets with irregular record sizes and
nested structurcs. Kappa is suitable notonly for
natural language dictionaries but also for DNA
databases, rule databases such as legal data,
contract conditions, and other "natural
databases" produced in our social systems.

The first and second versions of Kappa were
developed on a PSI machine using the ESP
language. The second version wascompleted at
theend of the intermediate stage, and was called
Kappa-II [18].

In the final stage, a parallel and distributed
implementation of Kappa was begun. It is
written in KL 1 and is called Kappa-P. Kappa-
P is intended for the use of large PIM main
memories for implementing the main memory
database scheme, and 10 obtain a very high
throughput rate for disk input and output by
using many disks connected in parallel o ele-
ment processors,

Inconjunction with the development of Kappa-
IT and Kappa-P, research on aknowledge repre-
sentation language and a knowledge base man-
agement system was conducted. Afterrepeated
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experiments in design and implementation, a
deductive object-oriented database was em-
ployed in this research.

At this point the design of the knowledge
representation language, Quixote, was com-
pleted. Its language processor, which is the
knowledge base management syslem, is under
development. This language processor is be-
ing built over Kappa-P. Using Quixote, con-
struction of a knowledge base can then be
made continuously from a simple database.
This will start with the accumulation of passive
fact data, then gradually add active rule data,
and will finally become a complete knowlcdge
base,

The Quixote and Kappa-P syslem 15 a new
knowledge base management system which
has a high-level knowledge representation
language and the parallel and distributed data-
basc managemenlt system as the base of the
language processor. The first versions of
Kappa-P and Quixote are now almost com-
plete. Itwill be interesting to see how this large
system operates and how much of an overhead

it will require.,
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FGCS Project Research Results

(4) Concurrent Logic Programming

Inthis section, we first present the methodology
torealize search paradigm in FGHC/KL 1. Then,
we describe three application programs in

FGHC/KL1: arouting problem in VLI CAD,

a sequence alignment problem in genctic in-
formation processing, and a bottom-up theorem
prover. These items are very different from
each other in their application areas as well asin
the programming techniques used in their de-
velopment.

1. Search Paradigms in FGHC/KL.1

There is one serious drawback to FGHC/KL1
because of the very nature of committed choice;
that is, it no longer has an automatic search
capability, which is one of the most important
features of Prolog. Prolog achieves its search
capability by means of automaric backtracking.
However, since committed choice uniquely
determines aclause for succeeding computation
of a goal, there is no way of searching for
alternative branches other than the branch se-
lected. The search capability is related to the
notionof completeness of the logic programming
computation procedure and the leak of this
capability is very serious in that respect.

One could imagine a seemingly trivial way of
realizing secarch capability by means of or-
parallel search: that is, to copy the current
computational environment which provides the
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binding information of all variables that have
appeared so far and o continue computations
for each alternative case in parallel. But this
does not work because copying non-ground
terms is impossible in FGHC/KL 1. The reason
why it is impossible is that FGHC/KL1 cannot
guarantec when actual binding will occur and
there may be a moment when a variable ob-
served at some processor remains unchanged
even after some goal has instantialed it at a
different processor.

One might ask why we did not adopt a Prolog-
like language as our kernel language for parallel
computation, There are mainly two reasons.
One is that, as stated above, Prolog does not
have cnough expressiveness for concurrency,
which we see as a key feature not only for
expressing concurrent algorithms but also for
providing a framework for the control of physical
parallelism. The other reason is that the ex-
ecution mechanism of Prolog-like languages
withasearch capability seemed too complicated
to develop efficicnt parallel implementations,

We tried to recover the search capability by
devising programming techniques while keep-
ing the programming language as simple as
possible. We succeeded in inventing several
programming methods for computing all solu-
tions to aproblem which effectively achieve the
completeness of logic programming. Three of




these methods are listed as follows:

(1) Continuvation-based method [19]
{2) Layered stream method [20]
{3) Query compilation method [21]

In this paper we pick up (1) and (3), which are
complementary to each other. The continua-
tion-based method is suitable for the efficient
processing of rather-algorithmic problems. An
example 1s 10 compultc all ways of partitioning
a given list into two sublists by using append.
This method mimics the computation of OR-
parallel Prolog using AND-parallelism of
FGHC. AND-serial computation in Prolog is
translated to continuation processing which
remembers continuation points in a stack. The
intermediate results of computation are passed
from the preceding goals to the mext goals
through the continuation stack kept as one of the
arguments of the FGHC goals. This method
requires input/output mode analysis before
translating a Prolog program into FGHC. This
requirement makes the method impractical for
database applications because there are too many
possible input-output modes for each predicate.

The query compilation method solves this
problem. This method was first introduced by
Fuchi [22] when be developed a bottom-up
theoremproverin KL 1. In thiscoding technique,
the multiple binding problem is avoided by
reversing the role of the caller and the calleg in
straightforward implementation of database
query evaluation. Instead of trying to find a
record (represented by a clause) which matches
a given query pattern represented by a goal, his
method represents each query component with
a compiled clause, represents a database with a

data structure passed around by goals, and trics
1o find a query component clause which matches
a goal representing a record and recurses the
process for all potentially applicable records in
the database™. Since every record is a ground
term, there is no variable in the caller, Variable
instantiation occurs when query component
clauses are searched and an appropriate clause
representing a query component is found to
maich a currently processed record. Note that,
as a result of reversing the representation of
queries and databases from straightforward
representation, the information flow is now
from the caller (database) to the callee (a query
comporent). This inversion of information
flow avoids deadlock in query processing.
Anotherimportant trick is thateach time aquery
clause is called, a fresh variable is created for
cach variable in the query component. This
mechanism is used for making a new environ-
ment for each OR-parallel computation branch.
These tricks make it possible to use KL1 vari-
ables (o represent object Ievel variables in da-
tabase queries and, therefore, we can avoid
different compilations of the entire database
and queries for each input/output mode of que-
ries.

The new coding method stated above is very
general and there are many applications which
can be programmed in this way. The only
limitation 1o this approach is that the database
must be more instantiated than the queries. In
bottom-up theorem proving, this requirement is
referred to as the range-restrictedness of each
axiom. Range-restrictedness means that, after
successfully finding ground model elements
satisfying the antecedent of an axiom, the new
model element appearing as the consequent of

*}  We need an auxiliary query clause which matches every record after failing to match the

record to all the real query clauses.
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the axiom must be ground.

This restricion seems very strong. Indeed,
there are problems in the theorem proving arca
which do not satisfy the condition. We need a
top-down theorem prover for such problems.
However, many real life problems satisfy the
range-restriciedness because they almost al-
ways have finite concrete models. Such prob-
lems include VLSI-CAD, circuit diagnosis,
planning, and scheduling.

2. A Routing Problem in VLS1 CAD

The aim of the routing problem is to determine
connection paths between terminals of circuit

blocks on a VLST surface. Well-known routing
methods include maze routing, line searching
and channel routing. We adopted an extended
line searching algorithm called look-ahead line
searching [23].

Before introducing the details of the algorithm
and its implementation in KL1, let us explain
the problem more precisely as illustrated in
Figure 1. We assume that there are two layers
for connection in VLSI chips: the first surface
and the second surface. Let us assume that the
first surface is for vertical lines and the second
for horizontal lines. There are two kinds of
constraints to connection: the first are surface
obstacles like Block 1, Block 2 and Block 3 in
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Figure 1. A Routing Problem and Its Solution
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Figuare 1, inside which wiring is prohibited, the
other are via-hole constraints whichpreventusce
of via-hole constraints to change direction (go
from one surface to the other). A routing
problem is given by a set of nets, which are sets
of terminals to be connected (a net is shown by
a set of terminals with the same number as in

Figure 1).

The look-ahead line searching method wies o
find a route for a given pair incrementally by
finding the best position o turn based on alocal
estimate. Estimation is done by computing the
next nearest points o the target point for each
possible turn and selecling the closest as the
best. Since the method tries to compute all
possible turns to determine the next turn, it is
called look-ahead line searching.

To implement the look-ahead line searching
method in K11, we adopted the object-oriented
programming paradigm. Each line segment is
represented by an object. To determine the
turning point of the corrent line segment, a
message o compute the distance between the
nearest attainable point and the target point is
sent to all candidate lines intersecting the cur-
rent line. After receiving all answers from all
_ candidates, the current line object determines
the point having the shortest distance to the
target as the next turning point. Then, the
selected line segment becomes the new current
line segment and the same process is repeated.

A line object is realized in KL1 by a recursive
program like filier in Erastothenes' sieve algo-
rithm, Note that a current line segment is
dynarnically divided into a fixed route part and
unused (free) parts. Preliminary evaluation
showed 16-fold speed-up with 64 processors
(compared toa single processor), and compara-
ble execution time with a high-end general
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purpose computer. The speed will be 20 times
faster on PIM/p.

3. Sequence Alignment in Genome
Analysis

Sequence alignment is a very important yet
time consuming task in genctic information
processing. It is difficult to find the best align-
ment of amino-acid sequences for more than
one protein. There are two ways of aligning
different sequences: one is to match two differ-
ent amino-acids with a cost associated to each
pair of aming-acids reflecting the similarity
between them, the other is to match an amino-
acid to a gap. Generally, the cost of matching
two different amino-acids is less than that of
matching an amino-acid to a gap. A well-
known algorithm for aligning two amino se-
quences is two dimensional dynamic program-
ming (DP} matching. Let us explain the algo-
rithm for a simple casc of aligning two four-
letter sequences: ADHE and AHIE. The prob-
lem is formulated as the problem of finding the
shortest path from the top-left corner to the
bottom-right corner in the graph in Figure 2.

The DP matching algorithm proceeds from the
top-left corner to the bottom-right corner. For
each (ij) node, it computes the distance, Dij, of
the two sequences from the top-left corner to
the point using the following formula:

D.-,,-. , + gapcost,
D, ,;+ 86pCOSt,
D, , ., + Dayhoff

matrix(X, Y}

= min
ij

where X and Y are amine-acids associated with
the arc from the node of (i-1, j-1) to that of {4, j),
and the Dayhoff-matrix is a cost matrix of pairs
of amino-acids. Note that this formula repre-
sents a simple expression of dynamic program-
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Figure 2 Two Dimensional DP Matching for Shortest Path Finding

ming which can compute each cost locally and
prunes possibilities other than the minimuim one.

Implementation of this algorithm in KL1 is
straightforward: first, a set of processes repre-
senting each node is created, and then each Dij
is computed by this expression in a data driven
style from top-left to bottom-right.

We developed a three-dimensional DP match-
ing program in KL1 [24]. Ideaily wc nced N
dimensional DP matching where N is the number
of sequences to be aligned. However, the
computationat complexity grows exponentially
and, therefore, such an extension is not feasible.
Thus, we tried to merge multiple three-dimen-
sionalalignments by aligning similar sequences
of different alignments. Then, recognizing that
the alignments were not optimal, we tested
different gaps to maximize alignment scores.
Furthermare, we applied a simulated anncaling
procedure to avoid the local optimum and attain
a further increase in alignment scores. The
improvement in alignment scores by simulated
annealing was surprisingly good, resulting in a
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relatively short execution time,
4. Theorem Prover

Since head unification is limited to one-way in
GHC/KL1, itis generally difficult ioimplement
a first order theorem prover since these usually
require the extensive use of full unification.
There are two ways to solve this problem. One
is to write a [ull unification program in GHC/
KLt andregard the language asa very low-level
language like C. The resultis not very attractive
because it decreases efficicncy by 10 to 100
times that with direct use of unification (in the
case of one way unification),

The other is 10 limit the usage of unification 1o
only one way. Man-they and Bry proposed a
new bottom up theorem prover, called
SATCHMO, based on mode! generation [25].
SATCHMO tries to generate all possible mod-
els incrementally by bottom-up evaluation of
clauses. It tries to prove the anlecedent con-
junction of literals by searching for their in-
stances in each model. 1f it succeeds in finding




a model in which the proof succeeds, then it
extends the model by adding the consequent
disjunctive ground literals. If there is more than
one literal in its disjunct, then SATCHMO
splits the model into the number of literals in the
disjunct, and adds each literal to each split
model. Since every element in every model is
ground, we nced only one-way unification to
search models during the proof of antecedent
conjuncts. This cnables us {0 implement an
efficient theorem prover in GHC/KL1.

One significani problem was how to implement
multiple bindings for linding all possible proofs
by different instantiations of variables. In the
casc of Prolog, this function is achicved by
utilizing backtracking, However, there is no
backtracking mechanism in GHC/KL 1. Fuchi
{26] invented an elegant coding technigue when
implementing SATCHMO in FGHC. Fuchi
utilized FGHC variables as object variables
appearing in the theories tobe proved. This was
improved by Fujitaand Hasegawa [27]. Intheir
coding technique, the multiple binding problem
isavoided by reversing the role of the callerand
the callce in naive implementation of database
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query evaluation: instead of trying to find a
modcl element (a database item) with a pattern
appearing in a theorem (a query pattern), their
method tries to find a theorem (a query compo-
nent) with a given model element (a database
itcm) as an instantiation of a literal of the
theorem. Sinceevery modelelementisa ground
literal, there is no variable in the caller. The
variable instantiations occur when a theorem
database is searched and an appropriate clausc
representing a literal of some theorem is found
to match a given model element,

We tried 1o apply this theorem prover to solve
several hard preblems on our PIM with 256
processors and, for some problems, we ob-
tained approximately 200 tumes performance
improvement compared to the run time on a
single processor.

We have been applying the theorem prover to
such divergent problems as mathematical theo-
rem proving, legal reasoning, design problems
and syntax analysis. In particular, we have
succeeded in solving several theorems of semi-
group which were not solved earlier.
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- FGCS Follow-on Project & Forecasts

1. FGCS Follow-on Project

Asdescribed in the above, the FGCS Follow-on
Project is atwo year project which runs from the
beginning of fiscal 1993 until the end of fiscal
1994, A major role of the FGCS Follow-on
Project is to promote a diffusion of parallel
knowledge processing technologies that have
been developed in the FGCS Project.

Much of the XL1 software which aims at the
provision of the new infrastructure for ad-
vanced compuler research has been developed
for research on parallel knowledge processing
technologies in the FGCS Project. Moreover,
the major software has been released as IFS.
However,a sequential inference machine, PS1,
or parallel inference machine, Multi-PSI or
PIM, is required to execute the software.
Though a "Pseudo Multi-PSI," thatis,a pseudo
parallel system for KL1 software, has been
released as [FS, aPSI-ITlisrequired Lo execute
it. A "PDSS", that is a KL1 programming
environment on UNIX machines, hasalso been
released as IFS, there are some limits to its
efficiency and functions for executing KL1
software on it. Thus, although the PDSS
system is suitable for learning KL.1 language,
itcannot be used tocxecute large KL1 software
released as IFS. Therefore, it is difficult to
execute the KL1 software released as IFS at
hand.

In the FGCS Follow-on Project a series of KL1
programming environments, including a KL1
language processor and a parailel operating
system, PIMOS, shall be ported onto sequential
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and parallel UNTX machines so that they canbe
used easily at any site, These UNIX based KL1
programming cnvironments shall be designed
as machine-independent as possible. They are
also planned to be released as [FS.

Anexperimental version of the UNIX based KIL1
programming environment is currently under
development for evaluating an implementation
scheme. Although we planio release itas IFS in
April '93, this version is for language implemen-
tation experts and is not suimable for application
uscrs since it lacks some important features for
application users, such as debugging aids.

The first version for application users is planncd
release in September '93. This version shall
provide reasonable software development
functions, including debugging and performance
analyses. This system shall be ten times faster
than the PDSS, although itis for single processor
UNIX machines.

The release of a KL programming environment
for paraliel UNIX machines is planned for the
second quarterof '94. Itshall be designed avoiding
the use of machine-dependent functions. Various
improvements are planned after these releases.

2. Forecasts for Some Aspects of 5G
Machines

LSI technologies have advance in accordance
with past trends. Roughly speaking, the memory
capacity and the number of gates of asinglechip
quadruple every three years. The number of
boards for the CPU of an inference machine was
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moare than ten for PSI-I, but only three for PSI-
11, and a single board for PIM.

The number of boards for 80M bytes memory
was 16 for PSI-1, but only four for PSI-I1, and a
single board for PIM (m),

Figure 1 shows the anticipated trend for board
numbers for one PE (processor clement: CPU
and memory) and the cost of one PE based on
the actual value of inference machines devel-
oped by this project.

The trend reveals that by the year 2000 approxi-
mately ten PEs will fit on onc board, around 100
PEs will fit in one desk side cabinet, and 500 10
a 1,000 PEs will fit into a large cabinet. This
mend also shows that the cost of one PE will
have every three years.

Figure 2 shows the performance trends for 5G
machines based on the actual performance of
inference machines developed by this project.

The sequential inference processing per-
formance for one PE quadrupled every three
years. The improvementin parallel inference
processing performance for one PE was not
as large as it was for sequential processing,
because PIM performance is cstimated at
around two and one half times that of multi-
PSI. Furthermore, Figure 2 shows the per-
formance of one board for both sequential
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and parallel processing, and the performance
of aconventional micro-processor with CISC
and RISC technology. In this figure, future
improvements in the performance of one PE
are estimated to be rather lower than a linear
extension of past values would indicale be-
cause of the uncertainty of whether future
technology will be able to elicit such per-
formance improvements. Performance for
one board is estimated at about 20 MLIPS,
which is 100 times faster than PIM. Thus, a
parallel machine with a large cabinct size
could have 1 GLIPS. These parallel systems
will have the processing speeds needed for
various knowledge processing applicalions
in the near future,

Several parallel applications in this project,
such as CAD, thcorcm provers, and genctic
information processing, natural language
processing, and legal reasoning were described
previously. These applications are distributed
in various fields and aim at cultivating new
parallel processing application fields.

We beligve that parallel machine applications
will be extended (o various areas in industry and
society, because parallel technology will be-
come common for computers in the near future.
Parallel application fields will expand gradu-
ally according to function expansion by the use
of advanced parallel processing and knowledge
processing technologies.
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Current News

* Toshiba develops voice entry software

Toshiba has developed voice entry software Lo
operate computers using voice commands such
as “delete” and “end”. With this software, the
user can perform jobs such as retrieving docu-
ments and transferring graphs simply by
speaking into a microphone. The software also
makes it possible to rapidly carry out a variety
of operations by means of multimedia entry,
through combination with existing entry de-
vices such as keyboard and mouse. This gen-
eral-purpose software can be used with many
types of applications such as desktop publish-
ing and communications software. No special
entry devices are needed other than the micro-
phone.

The software runs on a workstation platform.
With desktop publishing software, the user can
use voice commands such as “copy”, “reverse
top-bottom”, and “reverse left-right” to move
around an illustration to be inserted into a
document. With E-mail, the user can use voice
commands such as “today”, “yesterday™,“
and “last” to start reading letters from any

desired position.

first”,

Another feature of the software is the ability o
perform simultaneous, parallel processing of
two jobs. For example, while creating a docu-
ment using the keyboard, the user can simulta-

k) |

neously retricve documents using voice in-
structions. Toshiba says the software can rec-
ognize a maximum of 400 words, using any
voice, and that it has a recognition rate with an
accuracy of 99%.

* Computer virus damage multiplies 4.4
times

A total of 253 cases of virus damage were
reported in 1992, according to the compuier
virus damage status rcport for Japan as a whole
released by the IPA (Information-technology
Promotion Agency, Japan). This was a sharp
growth of 4.4 times over the previous year. In
1992, the virus that caused the most damage
was the “Yankee Doodle” virus, with 118 re-
ported cases. (This virus plays the tune “Yan-
kee Doodle Dandy” when it infects a compu-
ter.) There were 43 cases of the “Cascade™
virus, which makes characters fall off the screen
a specified period of time after infection. In
addition (o these viruses, which entered Japan
from overseas via PC communications, etc.,
new strains of domestically produced viruses
were also reported, such as the program-de-
stroying virus that displays “Be My Valentine™
on February 14th.

The system for reporting computer virus dam-
age was instituted in April, 1990. Since then, a
total of 347 cases had been reported as of the
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end of January, 1993. The number of damage
reports isthought to have increased so markedly
in 1992 due 1o rising concern about the more
frequent appearance of new, vicious viruses,
especially among personal computer users such
aseducational and researchorganizations. More
widespread knowledge of the reporting system
also contributed to the increase in reports.

* Sony, Matsushita, and 5 other Japanese,
U.S., and European companies to invest
in “General Magic.” '

In February, 1993, General Magic, a multime-
dia technology research company associated
with Apple Computer, announced that seven
compani¢s would enter into capital participa-
tion in the company, including Japan’s Sony
and Matsushita Electric Industrial, America’s
Apple Computer, Motorola, and AT&T, and
Europe’s Philips. Through this U.S.-Japan-
Europe business partnership, the company will
engage in joint development of multimedia
software and equipment to unify video, voice
and character information using computer and
communications technology. The “Telescript”
transmission processing standard under devel-
opment at General Magic appears likely t0
become a worldwide standard, leading the
various enterprises to plunge headfirst into this
capital participation arrangement.

UJ.S. and Japanese companies have been com-
peting to take the lead in standardization in the
multimedia field, but General Magic now ap-
pears to be in the [orefront in this area. This
arrangement ties together principal U.S., Japa-
nesc, and European companies in the audio,
household electric, communications, compu-
ter, and semiconductor fields.

* NTT and KDD to jointly research
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common software for next-generation
communications with worldwide carri-
ers

NTT and KDD are initiating research into soft-
ware to be used as a common specification in
providing next-generation communications
services through cooperation with telecommu-
nications carriers in various countries, such as
America's AT&T. A resecarch consortium
known as “TINA™ will be established atan early
date with participation expected from carriers
in a variety of countries, including NTT, KDD,
AT&T, British Tetecom, France Telecom, and
Korea Telecom, as well as from Bellcore and
from computer and communications equipment
makers such as IBM, Technical experts from
the participating companies will be dispatched
to Bellcore research facilities, where they will
engage in joint development of software.

Fusion of computer and communications func-
tions is expected to progress in next-generation
communications services. Itisexpected thatnew
communications services offering a wide range
of information processing functions will appear
(such as translation services and aulomatic re-
trieval systems thatoperate by voice command).
However, most of the world’s telecommuni-
cations carriers have developed services inde-
pendently, and standardization work has fallen
behind. The result is that late-entry carriers
have been confronted with mounting costs when
opening new services, since Lo connect lines
they must revise sofiware, etc. to match the
systems of other-party carriers in other coun-
tries. Under this new agreement, common
specifications for a wide range of software will
be developed to respond 10 the globalization of
communicaticns. This will enable communi-
cations lines to be linked and services to be
mulually extended even if carriers in various




countries use different compuiers and switch-
ing systems.

* Government to make legal information
available to public at charge

The Japanese government will soon open its
legislative and governmental ordinance
databases 1o private concerns on a fee basis.
Previously, these databases could only be
accessed by central governmentoffices. Atotal
0f4,007 lawsand ordinances will be included in
this database service, including the Constim-
tion. The Institute of Administrative Informa-
tion Systems, which is under the jurisdiction of
the Management and Coordination Agency,
will transfer magnetic data to private database
companies. Based on that data, the companies
willdevelop software thatcan meet the demands
of general uscrs.  Users will receive informa-
tion from the companies via PC communica-
tions. They will be able to review all related
laws and ordinances that include specific words
simply by entering the relevant words by key-
board.

Because up until now only central government
offices have been able to utilize these databases

KR

for reference 1o laws and ordinances, compa-
nies and local governments have had no choice

but to make frequent visits to numerous related
governmentoflices when they meed to perform
legal reviews. (For example, when private en-
terprises enter into new undertakings, they must
investigate the governmental provisions in re-
lated laws and ordinances, and when local
governments establish regulations, they must
reference the entire compendium of laws in
Japan to ensure that the regulations do not
conflict with any laws or ordinances). For this
rcason, the Management and Coordination
Agency has beenbesieged with strong demands
for the opening of this data to the public. The
decision to implement this new service was
made as part of an administrative reform policy,
and the service is scheduled to begin in July,
1993, In addition to corporate enterprises and
local governments, it is expected that the serv-
ice will also be utilized by persons involved in
the judicial system, such as lawyers and judicial
scriveners, and specialists from the patent de-
partments of manufacturers. Fees will be col-
lected from uscrs, but since these will include
software production costs and hardware operat-
ing expenscs, the usage fees have not yet been
determined.
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