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SUKRIARY

This report outlines my work during the visit to ICOT
from Hovember 28 to. December 23, 1983, My work, and
discussions, involved thres main th.omes: ths werk of the UK
ALVEY Programme and the scope for Anglo-Japanese research
gollaborztion, the importance +that I attach for [fifth
generation research planning of re-introducing distributed
computing conecepis (previously known as "System A"}, and the
design of a parallel logic computer. These three themes are
each covered by a section of this document:

1. Internationzl Collaboraticon
2. Fifth Generation Planning
3. Fifth Generztion: Computer

The latter sepction, is supported by two  azppendices
discussing (in detail) control in 2 parallel logic computer
and the design of 2 structured memory.

INTRODUCTION

puring my visit to ICOT (november 28 ~ December 23, 1983) I gave tuo
presentations entitled "UK Computing Research - effect of FGCI project” and "the
Other Fifth Generztion Computer®. T visited 2 companies Fujitsu and Mitsubishi,
accompanied by JIsabel Gouveia Lima and Rikio Onai. And I had & series of
discussions concerning the design of & parallel logiec computer, mainly with
Rikio Onzi end Shunichi Uchida.

The presentation on UK conmputing research give an overview of the
organisation of Information Technology (IT) research in the UK. In particular
it showed the very significant impact that Japan's FGCS Project has had on the
way IT research is conducted in the UK. It described how before the 1981 FGCS
conference the three arms of Covernment: Department of Industry, Hinistry of
Defence, and Department of Educztion-Science operated independently, with little
exchange of information. Influenced by the FGCS conference, GLhe ALVEY
Directorate has been established with a 5-year budget of ¥68,0004, to encourage
nJzpanese~style" coordinzticn of 211 IT rese2rch in the UK.
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The second presentation on "the other fifth generation computer” discussed
how ICOT's computer architecture research is directed at the design of a
logig+datebere machine., It identified, hewever, thet when we wread the very
thorough 1981 FGC3 Projeet proposal, we find that an additional computer is
described, namely the decentralised computer architecture linking all the
specialised component machines that will form a2 Fifth Censration Computer
System. Theé presentation argued that since this decentrelised architecture
should be capable of =spanrning different types of cowputers fex. logic, data
flow, control flew), it =eems & very Important research topic. In the
decentralised architecture the essential properties are: system structuring of
ceaponents, co-operation of componsnis, extensibility of structure, divarsity of
conponents, and . diversity of progremming styvles. This lecture preszented the
design of such a decentralised computer architecture based on control flow. And
then discussed how this architecture could be re-designed to produce =a

decentralised logic computer.

Following from these two presentations, in the next three sectionz we
discuss: international collsboration, fifth generation planning, and fifth

generation computer design.

INTERHETIOMNAL COLLABORATION

One of the major effects of Japan's Fifth Generation Project has been .to
encourage the establishment of zimilar goverment coordinated research progrzmmes
in Europe and the USA. The most notable progrzmmes in Furope are the European
Community's ESPRIT programme and the UK ALVEY programme. At present the ESPRIT
progranme has become 2 political "football", with certain kwember goverrments
(ex. Britain, Germany) refusing: to pre-fund ESPRIT until decisions are made
concerning rebates and the farm price subsidy.

Fowever, zll EEC nember goverrments zré zgreed on the inportance of fundirng
ESPRIT and it 1is particulerly necesary for the smzller EEC countries whose
governments give relatively little funding for new technoleogy research. It is
therefore to be expected that the current politiczl problems will be rezolved in
the next 6 ponths and that ESPRIT will get fully underway.

The UK ALVEY progremme, on the other hand, is rapidly . advancing: funding
both large and small ceollaborative .projects, -and establishir:z éssentizl
infrastrueiure znd comnunications, =such as resezrch computer retworks, and
databases. There are also discussions concerning the future integration of the
ALVEY and ESPRIT organisations, since ALVEY is viewed long-term as being an
important component of FESPRIT. Another inmpertant prebles currestly being
discussed is the participation of foreign multi-national companies in the Alvey
programme; IBM being a prime example,

The ALVEY Directorzte will scon be in a position to consider internationsi
eollaberaticn, for exemple, with ICOT or MCC., However, ir oy opinion a number
of difficulties are present: - Britain's IT dindustry is at a relative
disadvantage; . Britain has no govermment laboratory comparzble to ICOT; and
fifth gererstion computers are eonsidered -2 .possibly Lso dimpertant arse  for
internaticonal collzboration. - For these reasons (and that ALVEY should be seen
within an ESPRIT context), I would recommend considerztion of 2 small Joint



European-Jdapan IT research centre loczted in the UK. Such a centre could
promote the exchange of researchers and information between Europe and Japan,
and ecould start work on a mutually beneficial research topic such as machine
translation of foreign languzges.

FIFTH GEHERATION PLANHING

In this section I.. wish to address - two - relatively independent topics
associated with distributed coomputing. The first concerns & comounications
infrastructure to support international and nztional (Jzparnese) collaboration on
fifth generation computer research. The second topie concerns the relationship
of the INS and FGCS Projects, and the importance I attaech to re-intreducing
ponceptz of distributed computing into the FGCS project plarning.

Computer networks are &n important coomunicztions dinfrastructure for
research collzpeoraticon. In the USA =znd Britain (and to & lesser extent che
other countries in the EEC) the national computer science research comnmunities
gre well served by computer networks, allowing researchers to interact con 2
daily or even hourly basis. The ARPA net and UMNIX net even allcw researchers in
the USA, Canade and Britain to internztionally exchange documents znd program,
and schedule visits ete.

Japan; I understand, dces not have & ressarch computer mnetwork by which
Japan's fifth generstion research coomunity ean interaet. Suen a national
netvork is 2 prereguisite for wider dinternational collaboraticon. May I
therefore suggest that the FGCS planners conider a national FGCS network as part
of thelr Intermedizte plans, and thot 2s soon 25 possible this Japanesze network
is connected to Britain's ALVEY network.

The second topic I wish to address is a "System A" component for the FGCS
plans. 4 study of the very complete 1581 FGUS project proposel reveais two
themes for FCGC3:

1. In the 1990's when fifth generation computer systems will be
in vse, information processing s¥stcos will provide & "oentrzl
nervous system" for society.

2, Fifth generation computer systems will be knowledge information
processing systems supporting higih-level problem solving
functions,

in simple terms, the first is concerned with distributed (or decentralised)
computation and the second with knowledge (or parzllel logic) computation. Both
views are clearly part of a spectrum of FGCS.

At the present time there are two major national projeets in Japan
concerned with identifying the concepts of the future generation of computers,
namely INS and FGCS, The INS project is approaching future computers from
distributed or decentralised computation, whereas the FGCS project is
approaching future computers from parallel logic computation. The decentralised
computation research component of the FGCS project, known as "System A", has
unfortunately not been included in current planning. Thus INS and FGCS have
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equal opportunity to identify (or not) the concepts of the future generation of
computers.

It is my {often stated belief) that fifth generation computer systems must
encompass both decentralised computation and knowledge computation (e.g. System
A + Logic computer). In addition, I believe that the major task for the FGCS
project is te identify the concepts of the fifth generation computer model that
is to supersede the von Neumann model, and be mirrored both by future languages
and architectures. Failure to 4include both decentrelised computation and
knowledge computation, restricts the applicability of the FGCS model and may
mean that it fails to satisfy the goals of [ifth generation computers.

I discuss what I believe to be the essential concepts of the fifth
generation computer model in the next section.

FIFTH GERERATION COMPUTER

Since fifth generation computersz-are to supersede traditionsl computers,
what better place to start than by listing the prineciples of the von Eevmann
copputer model:

Lomputer single processor z2nd mepory
nenory vector of lixed-size memory cells
addressing one-level addresas space of cells

Drogran low-level machine langusge (instructions consist
of a primitive operztor and operaznds) -

conpuniction shared meoory

exsetion seguenptial-control flow instruction execution

The importance of this ceomputer model is that it dis ‘"mirrored" both by
traditional computer architectures and prograsning languages, and is
gensrzl-purpose for sacuentizl computzticn., However, infersiation procsssing is
moving from sequential centralised computation to parzllel decentralised
conputation where large numbers of computers are to be programmed to work
together in systens, Thus for [ifth gereration computers we reguire a
decentralised and general-purpose computer model, but one that csm be mirrored
by architectures and languzges.

.In the model decentralised computation concepts are intended to handle a
spectrum vof  voopersting systems rarging Troo mainfrese coaputers that are
physically distributed, te miniature microcomputers on & single VLSI. chip. It
should ' also handle the specialisation of system components. General-purpose
copputation is intended to handle the efficient representztion and exzcution of
logic programs. As discussed zbove, central to the design is a2 logic computer
model (ef. the von Heumann model) to be embodied in computer architectures znd
progremming languzges. I believe its principles are:

— 145 -



conputer computer system is a hierarchy of computer networks
Lenory nested, variable-size memory cells

addressing contextuzl address space of cells

progremn high-level (logic) machine languzge

communication shared memory + mnessage passing

execution fpattern driven" execution of instructions,
wWith non-determinaey

The main work I have undertaken while at ICOT has been to didentify the
important design and implementation issues concerning these principles of the
logic computer model. To do this we have subdivided the principles into:
"sontrol 3in a logie computer" and "general-purpose memory" structures. The
former dealing with control aspects of the model, investigates the control of
program  execution in. a fifth generation computer. In particular the
representation and execution of (Horn-clause) logie programs on a parallel
architecture composed of a network of simple "logie™ microcomputers. (This
topic is documented by Appendix 1) The latter, dealing with data aspects of the
model, .-investigates how . the memory of a fifth generation computer czn be made
nore ‘'general-purpose®-. to better. . meet the information. .repre=zentation
requirements of very high level languages and operation systieas. Three
important mechanisms are examined: structure memory, contextual addressing, and
the ocompunication of data both by shared memory and message passing. (This
topic is documented by Appendix 2)
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