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FOREWORD

The cooperation of researchers in many countries will make it possible to enter a new age
of information processing. The French and Japanese governments decided to accelerate
the movement towards this new age by exchanging the results of recent research in this
field. As a result of this decision, the first symposium was held in Tokyo from October
6th to 8th, 1986.

The papers in this collection are revised versions of those presented at the France-Japan
Artificial Intelligence and Science Symposium ‘86. As suggested by the title, the contents
of the papers cover apsects of artificial intelligence and computer science.

The following sessions were held at the symposium.

Session A: Fifth Generation Programming Languages, Methodologies and Environments
Session B: Models and Programming Languages for Parallelism

Session C: Automated Deduction and Symbolic Computation

Session D: Machine Architectures Dedicated to Fifth Generation Languages

Session E: Expert Systems and Natural Language Understanding Systems

Fifth generation programming languages reported in session A included constraint logic
programming language and a term rewriting system. A new method for interfaces for
deductive data bases was also proposed.

In session B, Guarded Horn Clauses (GHC), a concurrent logic language and QJ, a con-
structive logic system, were introduced. Esterel, a language using functions for describing
interaction with the external world in procedural language, was also introduced.

In session C, one paper on constructive theory, two on program verification, and two on
Prolog were presented.

In session D, two papers on architecture for functional languages, one on real-time garbage
collectors for sequential Prolog, and one on the Multi-PSl, a small-scale parallel inference
machine for parallel logic languages, were presented.



vi Foreword
In session E, two papers on expert systems and three on natural languages were presented.

This symposium was the first held by the French and Japanese governments, and the quality
of the papers was very high. | hope that this collection of papers will promote further ex-
change between our two countries and contribute to world progress in the field of arti-
ficial intelligence and computer science.

Kazuhiro Fuchi
Director, Research Center
Institute for New Generation Computer Technology
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FOREWORD

The Japanese Fifth generation computers project, launched in 1981, has already played
a major role concerning the orientations and objectives of Research in Computer Science
all over the world.

This project is indeed an ambitious and complex one: its aim is to let mankind enter a
new era of Information technologies, in which intelligent computers will be adapted to
all human activities, including the activities of the most disadvantaged sections of the
population, those who are handicapped by age or malady. Human intelligence has many
facets and that is why the Japanese project had to be multiple in order to design both
hardware and software systems able to reason i.e. to deduce, from a base of knowledge
and a set of rules, consequences which can be translated into action. The first problem is
to think about the nature of knowledge and understand the mechanisms of reasoning by
which men can draw conclusions from their knowledge and take decisions in a given
situation.

Of course the idea is not new: as far back in time as the seventeenth century the logicians
of Port-Royal, Antoine Arnauld and Pierre Nicole, in their book ““La logique ou |’art de
penser’’ were proposing rules in order to ““draw from imperfect knowledge facts which
can be considered as certain’’. Their main aim was likely to show how every human
being, as imperfect as his knowledge can be, may convince himself that God exists: it is,
however, extremely interesting to see how close some of the rules they give are to rules
of modern expert systems.

What is new is the extraordinary power of the most recent computers and the huge
amount of experience accumulated in thirty years of research on programming. These
two facts allow us to believe that substantial progress can be achieved in the mechani-
zation part of human reasoning and even more substantial progress can be achieved in the
adaptation of computer tools to human activity. Only a very good integration of these
new computer tools to the whole set of old and new tools man uses to think, work, or
perform actions will allow the Society, when in the new era of Information technology,
to be more just: some painful tasks will be carried by the intelligent computers and better
communication means will efficiently fight isolation and ignorance.
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All computer scientists in the world have welcomed the Fifth generation computer project
and they have also considered, with the greatest interest, the creation of ICOT, the institute
created by the Japanese government in connection with a number of great industrial
firms. In only a few years ICOT grew into a remarkable laboratory in which the skill and
competence of researchers, among whom many are very young, meet a clearly and firmly
stated will to obtain results on objectives which interest everybody. The problems are
so many and difficult that the research to solve them has to be conducted on a world
scale. This is why the French and Japanese governments agreed to link the two institutes
ICOT and INRIA, the older French institute which this year celebrated its 25th anniver-
sary. INRIA was also created to solve the innumerable problems raised by the develop-
ment of Informatics, Automatics, and all the branches of Information technology, and is
generally considered to be one of the best laboratories in Computer Science in the world.

Cooperation can only be established on a good knowledge by each partner of what the
other one is doing, and by searching: thus the first manifestation of the desire for cooper-
ation between our two countries has been the Franco-Japanese seminar held in Tokyo in
1986, and the present proceedings volume.

Undoubtedly this seminar has been an exceptionally rich occasion of meeting and ex-
changing ideas. We are very happy to offer to the scientific community the present
volume, and hope that it will inspire other work and help the progress of Computer
Science and Technology in the world.

Maurice Nivat
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FOREWORD

Le projet Japonais de 5éme génération d’ordinateurs, lancé en 1981, a déja joué un rdle
considérable en ce qui concerne les orientations et les objectifs de la Recherche en Infor-
matique dans le monde entier.

Le projet est ambitieux et multiple: le nouvel 4ge du traitement d I'information dans
lequel ce projet s’est donné pour but de faire rentrer I’humanité sera celui des ordinateurs
intelligents et adaptés a toutes les activités humaines y compris celles des plus défavorisées
de nos semblables, ceux qu'handicapent 1’4ge ou la maladie. Les ressorts et les manifesta-
tions de I'intelligence humaine sont multiples et variés et cela impliquait que le projet fat
multiple: car il s’agit bien de concevoir et réaliser des machines et des logiciels susceptibles
de raisonner, c’est-a-dire a partir d’'une base de connaissances et d’un ensemble de régles
déduire des conséquences qui se traduisent en action. Le projet japonais nous invite
d‘abord a une réflexion sur ce qu’est la connaissance, la fagon de I'acquérir, de I'enregistrer
et de la transmettre et sur les mécanismes du raissonnement qui permettent 3 I’homme de
tirer des conclusions et de prendre des décisions face & une situation donnée.

En un sens le projet n'est pas nouveau: dés le 17éme siécle les logiciens de Port Royal,
Antoine Arnauld et Pierre Nicole, dans la logique ou I'Art de penser, proposaient un certain
nombre de régles, “’pour tirer d’un ensemble de connaissances incertaines de faits que l'on
puisse tenir pour certains’. Et s'ils songeaient d’abord & montrer comment tout honnéte
homme, si imparfaites que soient ses connaissances, doit conclure a I‘existence de Dieu,
certaines de leurs régles ressemblent beaucoup 3 celles qu’utilisent nos modernes systémes
experts.

La nouveauté c’est I’extraordinaire puissance des ordinateurs modernes et I’acquis con-
sidérable de 30 ans de recherche sur la programmation. Ces deux faits rendent le projet
crédible, du moins rendent crédible I'idée que I'on fasse des progrés substantiels vers la
mécanisation d'une partie du raisonnement humain et des progrés encore plus substantiels
vers I'adaptation de I'outil informatique 3 I'homme. C’est I'intégration de |'outil info-
rmatique & la panoplie de tous les outils issus de la technologie moderne qui permettra de
construire une société nouvelle et plus juste, par un allégement du fardeau des tiches
pénibles et par une amélioration des moyens de la communication qui diminuera les
phénomeénes d’isolement et d’ignorance.
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Les informaticiens du monde entier ont accueilli avec un extréme intérét ce projet et ont
vu se créer avec tout autant d’intérét, I'lCOT, I'institut crée par la gouvernement japonais
pour poursuivre, en liaison étroite avec de grands groupes industriels la recherche sur ce
sujet. D'autant plus qu’en quelques années I'lCOT est devenu un trés remarquable labora-
toire de recherche, dans la mesure ol la compétence de nombreux chercheurs, dont certains
trés jeunes, rencontre une volonté trés clairement et fermement exprimée d’avancer
vers la réalisation d’objectifs auxquels personne ne peut rester insensible. L’ampleur de
I'effort & fournir fait que cette recherche ne peut &tre conduite qu’a I'échelle planétaire.
C’est ainsi que les gouvernements frangais et japonais sont tombés d’accord pour lier les
efforts poursuivis par I'lCOT et I'INRIA, I'Institut créé en France en 1967, pour faire
face précisément aux multiples problémes que soulévent le développement de I'Infor-
matique de I’Automatique et de toutes les techniques de traitement de I'information.
L'INRIA est trés généralement considéré comme un des grands laboratoires mondiaux
d’Informatique.

Comme toute coopération ne peut s'établir que sur une bonne connaissance par chacun
de ce que fait et cherche I'autre la premiére manifestation de la volonté de coopération
des deux gouvernements, en ce domaine, a été la tenue du colloque dont les actes forment
le présent volume.

Il ne fait pas de doute que ce colloque a été pour tous les participants un lieu de rencontre
et d'échange d'une exceptionnelle richesse. Nous sommes trés heureux d'offrir 3 la
communauté scientifique ce compte-rendu de ses travaux, dans I’espoir qu’il en suscite
d’autres, et aide a faire progresser la science et la technologie informatiques dans le
monde entier.

Maurice Nivat
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A New Parallel Graph Reduction Model
and
Its Machine Architecture

Makoto Amamiya

NTT Electrical Communications Laboratories
3-9-11 Midoricho Musashino-shi Tokyo 180 Japan

Abstract

A new parallel graph reduction model and its machine implementation are
discussed on the basis of data flow scheme. First, a parallel graph reduction model,
named G-reduction, is presented. In the G-reduction system, reductions proceed on
the data flow graph. Then, a parallel reduction machine is presented as a practical
implementation of the G-reduction mechanism. In the implementation, a cell token
flow concept is used. In the cell token flow model, variable cells, instead of data,
flow in the data flow graph. The cell token flow model solves several weak points
of the data flow architecture, such as the overhead of flow control, lack of history
sensitive computation, lazy evaluation and higher order function facilities. Using
the cell token flow concept, a given data flow graph can be optimized, and a multi-
thread control flow can be extracted from the data flow graph. Last, a design
of the reduction machine is presented. The machine is designed on the basis of
packet communication concept, in which many processor and memory resources are
connected with packet communication network. The processor is a circular pipeline
system, which can execute a large number of function activations concurrently due
to its pipeline structure.

1. Introduction

Recently, several models are proposed and discussed on the reduction mecha-
nism and its machine architecture[1-6]. When we think of the reduction model, we
should notice that the reduction model itself never gives us the control of execution,
but it only specifies the mechanism of computation by reduction concept, that is,
the mechanism in which a given expression is reduced to some value. The reduction
model is abstract, and therefore, beautiful in the theoretical sense. However, if we
wish to implement the reduction model as a practical machine, it is very difficult
to get the solution of machine architecture from the reduction mechanism only.

The control in the reduction model is the reduction strategy, i.e., the order
of reduction. There considered two schemes as to the redution order. The one is
the serial reduction (totally ordered), and the other is parallel reduction (partially
ordered). The well known concepts of reduction strategy are normal order reduction
and applicative order reduction.



