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FREFACE

The Fifth Generation Computer Systens project, called the FGCS for
short, is a Japanese national project (1982-1991). ICOT (Institute
for lew GCenerztion Computer Technelegy) is the central organization of
thi= projeet. The FUGE is aimed at creating new basic technology
required to build intelligent systems capable of knowledpe processing;
they are expected to come into widespreaded use during and beyond the
1990's. Such a system is called a KIPS (Knowledge Information
Processing System).

Tne szme philesophy =nd technology 2s those For the FGCS project will
be adopted in the gomnmunication metwork field, as well a= in other
inforwation-processing fields,

We nave now a new guestion: what will the requirementz of 2 new-
generation communication network be as the infrastrueture for Fifth
generation copputer systems? The FGCS project iz desipgned only to
carry out a portion of tha overzll research work pecessary to build
EIF3s5; not explicitly included in this project is comnuniecation
network technology. However, at the [inzl stage of this project, the
investigation of total systems, including compunication networks, will
be esszential for developing practical KTES applications.

This article is intended only as a preliminary consideration about
the requirements ef communication netwerks for fifth gensration
computer systems.

I should like to thank FKazuhire Fuchi, Director of ICOT Research
Center, Kunio turakami, Chief of ICOT First Laboratory, and Toshio
Yokoi, Chief of ICOT Third Laboratery, for providing the opportunity
to pursue this work,



CONTIITS
{1) What are Fifth CGeneration Computers? What is the FGCE Project?

# The P30S is aimed at EIPS (Xnowledpe Information Proceasing Systex)
Logic Programming (PROLOG) is the kernel of the FGC3

¥ FGCS Computer Architectures are regulated by logie progranning
languape (PROLCC)

® The FGCE is aiped at erecating new softwere technology,
pased on Prediczte Logie

1]

FGCS iz AI computer, thinking 23 a man does !

# Enowledpe and KIPS (Knowledge Information Processing Sysztems)
# Knowledpe Baze is similar to a library with good librarians

® KIPS Applicetions in The FOC2

# Wfhat is Logie Programming (PROLOS programming) like 2

¥ PROLOC PROGRAM can be viewed as Evolution of Relational Database
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{2} What Impact will the FGCS hkave on Computer MNetwork Technology?
# FGCS Impact on Computer Network Technology
# & Prospect for Future Intellipgent Hetwork

% Some Requirements of Communication letworks as the Infrastructure
for FGCS Computers

# Exanples of FGC3 Technology Transfer
{az Replacenments for Conventional Techniques)

* New Gerperation Intellipent Networks Supported by and
Haling use of Reveluticnary New Technology



(1) What are Fifth Generztion Computers? What 1s the FGCS Project?

¥ The FGCS 4= aimed at KIBS (Knowledge Information Frocessing System)

Logic Programming (PROLOG) is the kernel of the FGCS

Today, we obviously need more natural friendly man/machine interfaces
and more intelligent processing; in the near future, computers will be
applied not only in data processing but also in Inowledge=information
processing. On the other hand, we have the seed {VLSI technology) for
implementing more advanced sophisticated computer architectures, which
are esaential for reallzing such intelligent processing.

In arder to satisfy such a need, the FGC3 is aimed at establishing
the basic technology regquired for developing knowledge information
processing systems (KIP3). However, it is not clear which programming
language is the best to link the need and the seed. Knowledge
procesaing may be based on symbol processing; so, we have now two
alternatives, functional programming languages (e.g., LISP) and loglc
programming languages (e.g., PROLOG). PROLOG is based on predicate
logie (Horn logle}, and equipped with higher-level functiona, such as
inference capability (e.g., such as backtracking and non-deterministic
processing) and relational database functions, which are useful for
developing KIES applications.(#{) Consequently, logic programming
languages are adopted as this missing link and asz the basis of the
research and development in the FGCS; we call them "Kernel Languages
(KL=)", which will be firmware-interpreted PROLOG-like languages.
Kernel Languages are regarded as the kernel of the FGCS, bacause they
regulate almost all of the architecture and software of fifth ,
generation computers.

FROLOG is still in its early childheod; the invention of advanced
logic programming languages, based on PROLOG, is one of the main R&D
themes of the FGCS. Higher-level user languages will also have to be
provided for use in developlng various ELIPS applications; these will
be evolved from logic programming languages and possibly based on
object-coriented programming concept as ICOT's ESP or Xerox's LOOPS.
Object-oriented programming is regarded as a natural evolution or as
an upper-level concept of leogic programming.

(*1)

The inference capability of FROLOG is considered to be realized by
the non-deterministic exscution and through trial-and-error, based on
backtracking. The following examples would glve some suggestions
helpful to understand the fact that a programming language can posses3
the inferential capability, which might sound strange.

Exi: Scme kinds of problems can easily (almost semi-automatically)
be solved by using simultaneous algebraie equations.

Ex?: Some kinds of problems can easily be solved by mathematical

induction, This means that mathematical induction, in itself,
possesses a certain intellectual capabllity.

1
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# FGCS Computer Architectures are regulated by logic programming
language (PRCLOG)

PROLOG-like logic programming languages, called Kernel Languages
(KLs), serve as the mative machine languages of [if'th generation
computers: so, they will regulate the architectures of fifth
gereraticn cemputers, As a result, their architectures should be
extremely high-level and far different from a conventional won Neumann
architecture: such functions as symbol/list processing {e.g., pattern
matching), backtracking and parallel execution control will be
directly interpreted by hardware or firmware as well as basic
mechanisms, such as stack management and garbage collection.

Kernel Language 0 (KLO), based on sequential PROLOZ (e.g., DECI0
PROLOG), has been developed as the machine language of a seguential
PROLOG machine P2I (Personal Seguentia! Inference Machine), which is
now under development by ICOT. Kernel Language 1 (KL1) is also being
developed: it will be appropriate for parallel PFROLOG machines.
High-level parallel processing mechanism will be reguired to develop &
high-performance computer, which will support parallel inference used
as a prinvipal method in problem-solving. The research and
development of efficient parallel execution engines for logic
programming languages, as based on data-flow mechanism or reduction
mechanism, is the main R&D theme of the FGCES: the research in ICOT is
currently proceeding under the name PIM (Parallel Inference Machine).

flmost all of existing "general-purpose™ computers are, in fact,
originally intended Cor use only in numerical processing. On the other
hand, fifth gereration computers executing logic progremming languages
(e.g., PROLOG) are expected to be truly for general-purpose, because
they are equipped with the elemental mechanisms, such as symbol
processing and resolution, regarded as the basis of various kinds of
human intellectuzl activities.

In addition to logle-programming-based machines, such as PSI and PIM,
a relational database machine is being developed in ICOT as the first
step towards a knowledge base machine. A logie programming language
{c.g., PROLOG) is also one of powerful query languages for relational
databasea, which are also based on first-order predicate logic.
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# The FGCS is aimed at creating new software technology, based on
Predicate Logle

For accomplishing the goal of the FGCS project, it is essential to
incorporate various research fields, as listed below:

JArtifieial Intelligence
Jnowledge Engineering

LAutomatic Programming or Mathematical Theory of Programs
(Specificaticn, Synthesis and Verification of Programs)

.Relational Databasze
LLinguisties
.Cogrnitive Science or Cognitive Paychology

Software Enginsering

It should be noted that predicate logic is essential to almost all of
these researches; this is why the FGCS has adopted logle programming
{PROLOG) as the basis of the research and development of KIPSa or
fifth generation computers instead of functional programming (e.g.,
LISP).

FGCS software technology will necessarily claim high-level
sophisticated computers, capable of parallel executionsa; such
sophisticated computer architectures will surely be made possible by
rapid evolution of VLSI technology.

One of the motivating factors behind the FGCS iz the so-called
software crisis; it became even more serious in spite of the evelution
of software engineering in the 1970's. 3o, the revoluticnary
improvement of the programming enviromnment is also one of the major
goals of the FGCS: an intelligent programming support system will be
developed a=z a KIFS application.
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% FI0S is AT ccuputer, thinking as a nan does |

{The wore =ophisticated, The more similar)

Generaily speaking, the more sophisticated or higher-level the
function of an ertifieial product becomes, the more similar it becomes
to the natural. For example, while the running mechanism of a car,
moving by means of wheels, is quite different from that of a horse,
the flying mechanisms of & airplane and a bird are relatively similar;
flying ecan be said to be hipher-level in function than running. i
apothor example, it is well known that the structure of 2 camera 1s
similar to that of the eye, although their focusing mechanlsms are

ifferent: a czoera lens is analogous to the biolagieal crystalline
lens.

Theprefore, a Fifth generation computer systen (i.e,, KIP3), which
thinks as a man does, is conceived of as being extresely zimilar to
the brain of 2 human beings, for thinking is far mere sophisticated in
functicn than flying or seeing. At least, it i= regarded as one of
the fruitful approaches to try to make computers imitate how the human
brain works. Hesearch into human intellectual mechanisms, as carried
out in cognitive science or cognitive psychology, will therefore be
essential for realizing fifth generaticon computers. Especially,
poseapren into the pechanism of understanding natural languages will be
very important and fruitful.

In order to perform intelligent processing, computer systems (i.e.,
AT computers) must, to some extent, understand what they are doing.
This means that they are requestec to be equipped with sooe knowledge/
knowledge bases. For example, in proceszing or understanding natural
languzges, they need to know about the real world; i.e., they pust
have & kind of common sense, or they need to know the situation in
which matural languages are used,.
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# ¥nowledge and HIPS (Hpowlecge Information Processing Systens)

FTES consists of an inference systen and 2 lmowledge base systen. In
cddition, KIPS may =lso be equipped witn 2 natural intelligent
oan/pachine interface; it should be pointed cut that such an
intelligent interface systen is itself a ETPS application.

inowledge is a higher-level concept, including both progroems and data
for dztabase). Prograss and data differ in representation rether than
in semanties: programs and dzta are viewed as intensional and
evtensional reprezentations of the same mowledge, respectively. For
eranple, trigonometric-function SIH{x) can be represented either a2 a
progran (e.g. in Tayler expansion) or as data {e.p. in
trigonomctrie-function table). Meoraover, the retrieval of data and
the ecomputztion of programs are integrated into the broader concept of
inferential problem-solving through knogledge bases. Logic
programming langueges (e.g. PROLOG) ean represent and manipulatea
programs and data unifermly as knowledge.

Some linds of knowledge will alse naturally be represented in
relational models, and it should be noted that PROLOG can be used to
represent relational models. Other verious kinds of knowledge would,
however, better be represented in other than PROLOG or a relational
model. Varliouz technigues of knowledge representation, as shown
below, are now being studied; these zre considered to be based on
logies and will possibly be inesrparated into future logie progracning
lanzuspes.

.Mathematical expressions for representing mathematical knewledge

.Logical expressions for representing logical relations
between facts (PROLOC is the most basic erample.)

.Procedure-oriented programming lanpuzpges for representing
procedural lknowledge (e.g. programs)

.Coppound data structures, such as "Frane”, tSemantic network",
"Object® and so on, for representing complex relations between
facts (e.p. hierarchical relations)
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% Fnowledpe Dase is similar to 2 library with good librarians

A PROLOG progren, consisting of 2 set ef faets {relationa) and rules,
pan be considered to be & Iirst approximation to the knowledge base.
It is more powerful and flexible to construct rodels organically
connceting individual relations then relational databases; a
conventional relational database, also bazed on first-order predicate
logic, can only be vioyed as 2 =et ¢f facts (relations).

Formerly, the meaning of "data™ or fintehaze" was known only te the
user {i.e., a program); & database or & data-Tile only contained
nggpething”,  On the contrary, @ lnowledpe base iz like an crganlzm:
it knows the peaning of the stored information. For example, a rule
contained in a PROLOG program can be eonsidered to organically
represent the mezning and polationship of individual faets/relations.

Roughly speading, & knowledze base is analogous to &n excellent
library: while the latter has not only 2 large collectien of boois but
also professional librarians, the former needs to be egquipped with
some kmowledpe and inference capablility im addition to & database. As
1ibrarians have knowledge about the books in their library, a
knowledze base must have knowledge of the lmowledse (facts/rules)
stered in 1ts own detabase. Such knowledge is called peta-knowledge;
inference thnat uses meta-knowledge is called peta-inference. It
should be noted that PROLOG is useful to implement such a
hierarchically structured knowledge base, because a PROLOC program
itsall oan be manipulated by another PROLOG program.

11
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* ETPES fpplications in The FGCS

At first, Fifth generation computers or KIPSs will be used in
intelligent office automation enviromments, especially for providing
more advanced intelligent man/machine interfaces, in order to enhance
the productivity of human intellectual activities in of fices.

A practical intelligent programming support system is also an R&D
theme of the FGCS project as one of KIPS applications. A1 knowledge
required for programming processes, such as programming languages,
programming methedologlies and existing program-packzges, will be
prepared as knowledge bases., Moreover, autematic programming
techriques, such as automatic verification, automatic synthesis and
specifications of programs, will be ineorporated into such an
intelligent programming system. These technigues have been studied in
theory but not in practice, because 1t is very difficult to apply them
to practical progrems in conventional procedural languages, such as
FORTRAN. On the contrary, & logic programming language, such as
PROLOG, =eems to be adequate to apply them, because it is high=level
and has non-procedural (declarative) semantics. For example, logic
programming languages can be viewed as program specification
languages; or, at least, the former are very close to the latter.

KIPFS applications, called expert systems or consultaticn systems,
will take over some of the intellectual activities of human experts by
accessing large-scale knowledge bases. For example, MYCIN { Stanford
University) and R1 (DEC Corp.) are both well-known; the former is for
azsisting medical examination in place of a medical specialist, and
the latter for configuring VAX-11 computer systems.

Today, a number of microccomputers or LSIs are built into varlous
equipments (e.g., for engine control in autemeblles); fifth generation
computers will similarly be embedded in various deviees. In future,
computers will be applied not only in data proecessing but al=o in
knowledge-information processing; this means that fifth generation
computers will pervade the various new fields, ingluding human
epeative activities= and intellectual works. Pionsering new
applicatiaons may also be important in the FGCS project.

13



KIPS Applications in the FGCS

@ Intelligent Programming Support Systems
@ Advanced Office Automation Systems
® Natural Language Processing Systems
= |niglligent Man/Machine Interfaces
@ CAD (VLSI-CAD)

@ Consultation Systems/Expert Systems

L4



# Yhat is Logic Programming (PROLOG programming) like 2

Logic programming languages (e.g. PROLOG) are rather different from
procedure-oriented languages. For example, PROLOG dispenses with the
concept of "eantrel flow", which is common to conventicnal
procedure-oriented languages. 4 PROLOG programmer is like the pilot
of an airplane. While a driver of a motorecar must be conscious of the
surface route (course) towards his destination, a pilot of an airplane
nead not: a pilot only needs to know his destination, because an
airplane is not constrained by the road. Similarly, =2 PROLOG
rrogrammer need only declaratively deseribe logical relations and
conditions ("what to do") inherent in his problem to be golved; he is
not obliged to specify the solving procedure ("how to do"). It should
be pointed out that a FROLOG program 1s easy to read or understand
owing to itz declarative semantics. BSentences (palled "clauses™ in
‘PROLOG) whose conditions are satisfied will non-deterministiely be
selected and execubed.

4 PROLOG system might be said to be similar to a production system;
itz inference capability is realized by means of top-down, depth-Tirst
search and backtraeking. In other words, PRILOG may be similar to
corventional parametric or problem-oriented programming languages,
which are non-procedural and easy to use. The former is, heowever, for
general problem-solving while the latter are intended for specific use
in a very narrow field as if they were boats in a lake, which are free
but reastricted to the inside of the lake.

A PROLOG program consists of a set of faects (relations) and rules,
while a relational database is a set of facts (relations). In other
words, a PROLOG program can be viewed as a deductive database, evolved
from a relational database.

Logic programping may alsc be similar to solving some kinds of
arithmetic problems by using sipul taneous algebraic equations: making
equations is analogous to describing logiecal relations in PROLOG.
Once equationsz are made, the arithmetic problems ecan easily {(almost
semi-automatieally) be sclved.

Logic programming based on predicate logic, of eourse, has much in
common with writing in a natural language, because predicate logic can
be viewed as a formulation of part of the pmatural language. One
future prineipal programming process will be interactive "knowledge
progranming®, based on logic programming: this will involve
construeting a model or a program while accegsing a number of
knowledge bases, such as program libraries and document files, In
other words, the future programming process will be closer te the
writing process of a research article.

5



iLWhuf is Logic (PROLOG) Pragrummig like ?

@ Similar to Parametric or Problem-Oriented Languages
@ Similar to constructing Relational Models |
@ Similar to using Simultaneous Algebraic Equations
® Similar to Writing in Natural Language

Alr Logic
Jet Plane Transport Programming
Airplane Language
Helicopter PROLOG
Procedure-
Surface QOriented
Automobile Transport Programming Pascal
Language
Fortran
Molorcycle
Bicycle Assembler




# PROLOG PROGREAN can be viewed 23 Evelution of Relational Database

4 PROLOC propran consists of a set of facts {relations) and rules.
relational database, a2lso based on first-order predicate leogic, can
only be viewed as a set of facts (relatioms).

The rules are considered to represent some relationships among the
facts. For example:

Exaople 1: ancestor(X, ¥):= father({X, Y).

[ ————————————p e WP

This means, "For any ¥ and any ¥, X is an ancestor of ¥, if X is
father of ¥."

Exanple 2: ancestor(¥, Y):- father{(¥, M), ancestor(M, I).

e o e e . o S S G P O - e i

This means, "For any X and any ¥, X is an ancestor of ¥, if there
exists some M whose father is ¥ and who is an ancestor of Y," It
should be noted that "ancestor®™ is recursively defined. Recursive
definition has been & concise and powerful technique even in
conventional programming languages; it is still more natural and
native in PROLOG programming. Recursive definition is considered to
be essential for knowledge representation and knowledge processing.

17



PROLOG Program can be viewed
as Evolution of Relcﬂ*ionul Database

father (alec, ken). mother (maggie, ken).

falher (alec, tom). mother {(maggie, tom).

father (alec, ted). mother (magaie, ted).

father (sammy, teddy). mother {mary, teddy).

father (sammy, jimmy). mother {mary, jimmy).

Tather (charles, emmy). mother (jane, emmy).

father (charles, nora). mother (jane, nora).

father (richard, alec). mother (elizabeth, alec).
father (richard, sammy).  molher (elizaheth, sammy).
father (athur, charles). mother (victoria, charles).
ancestor(X,Y):—father(X,Y). [+]
ancestor(X,Y):—father(X,M),ancestor(M,Y). [*] [*] Rules
pair(HB, WF):—father (HE, CHD),mother(WF,CHD). [*}

Examples of Usages

(1) 7=tfather{X lom).
——>X=alec

(2) ?—anceslor(X,tom).
——>X=alec

—==X=richard

(e,
=0



8 PROLOC hes powerful facilities for developling RIFS applications

EROLOC lanmuaze/systen possesses prinitive but ezsential
knowledsze-processing capabilities, sueh as inference function and
symbol-processing. Therefore, 1t might be viewed as a first
gpproximation te a HIPS,

The folleowing table enurerates the cutstanding features of PROLOG for
developing KIPS applications.

o) PROLOG Features i Explanatimnv !
i i

.l_-:--------'-__----"_-_-_-------'---| --------------- o S - —Il--l.

11 }Eguipped with nztural paradigmsiIn FRULCG, paradipas (e.gZ., |
: ireceraive definition of data |
|PROLOC possesses primitive but Jand procedures, lazy evaluation|
lassential features reguired to |and so on) are patural and i
'ineorporate and unify 21l of  inative.
[
[]
i
I
|
i
I

lexisting pregrapming languapes. PROLOG is suitable to bath

|

I

|

|

i

! lthe excellent gualities of i
1

i

o lobject- and procedure-oriented
!

I

i ltoward knowledge baseses.
'PRULDG and relational database |
lare both based on first-order (It is easy to imtrocuce

I
| lapproaches.
- I e i ———— - - T —— e Sy —'-———‘-------------H—'—----ﬁ-'ﬂ“--
'z |Equipped with advanced IKnowledpge processing is carried)
! lsypholic processing ecapability lout on the basis of srmbel/list]
HE imanipulations. i
! lUnification of PROLOG is more | !
! lpowerful for symbelic ! |
I ;processing than eonventiconal 1 |
! lpattern catching. } |
E--t-—--u-----_-__-_-----__--_H-_--:_-_au-u-----------u--------u---:
'3 !Equipped with deductive !The uniformity of data and H
ldatabase function lprograms is the first step i
|
|
i
ilogic. Imeta-knowledpe (programs) |
I Iregarding to the use of varlausl
'Deta/databases and preograms 'vinds of knowledge (programs or|
land manipulated in PROLOG. ! !
. __*u---_---------,-______|___d--____-_-_u---__-_----—____|
L[] == I
I |Equipped with inference |4 PROLOG system might be said
.capability {to be similar to a production
i tsysten.

IThis capability is realized by
Imeaps of top-down, depth-Iirst
laearceh and bBaekirachking.

I

== e e . e i e S K

i

1

n

i

[}

il

]

i

!

! lgan be uniformly represented  |data/databases). !
1

!

]

i

i

!

]

i

i

1

i
]
]
|
]
1
i
|
1
L]
1
I
i
[]
1
|
|
lreduction mechanizmsl. 1

's Ipppropriate for effieient !The rapid evoluticn of

| Ihardware implementations, ITLSI technolozy will make

! lagpecially parzsllel machines lthese sophisticated machine
! !{based on data-Tlow or larchitectures possible.

1

|

— — 1
{Note: From material by T. Yokoi (ICOT TH=0026 1))
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PROLOG has powerful facilities for|
Developing KIPS Applications

e Equipped with Natural Programming Paradiams

s e e —— — — e —— — — — T s S e e e e | MR, W o

FROLOG possesses Primitive but Essential Fealures, Aequired to Incorporate and
unily ail of the excellent Qualities of existing Programming Languages.

e Equipped with Advanced Symbolic Processing Capability

e T S —

Unification of PROLOG is more Powerful for Symbolic Processing than conventional
pattern matching.

» Equipped with Relatinonal Database Function

FAROLOG and Relational Database are both based on First—Order Predicate Logie.

Data/Databases and Programs can be uniformly represented and manipulated in
FROLOG,

e Equipped with Inference Capability

L L A S e e — — — — — — ——— —— —

This capabhiiity is realized by means of Top—Down, Depth-First Search and Back-
tracking.

es pecially Parallel machines {Bazed on Data-Flow or Reduction Mechanisms).

20



{5y Wnet Impact will the FGCI have on Computer Hetwerk TechnoloZy?

J T 1 T 1 T -l e it iunfemifeiedgef=— =P

% paCS Impact on Computer Hetwork Technology

The same philosophy and technology as those for FGCS will be adopted
in the communication network field, as well as in other information-
processing fislds,

Future intelligent metworks will have the capability of zautonomic
intelligent self-control, =uch as adaptive routing and adapiive
flow-control. These intelligent controls will be performed through
bnewledze processing by KIPSs installed in networks.

Fucure intelligent networks will support koowledge communications.
Krosledge communication implies, firstly, intelligent serviees
provided by intelligent servers znd knowledge bases, and sccondly, the
copversion of krnowledpe represzentationz, such as protocol translation
and media conversion. Thaese will be much more intelligent than
conventionzl capabilities, such as code conversion and data
conpression.

We have now a new problem to be studied: what will the requirements
of a new generation communication netwerk be as the infrastructure
supperting fifth generation computera?

At fipst, fifth gpeneration computers will possibly be used for
intelligent offiee automation environments, especially for providing
nore advenced mansmachine interfaces. As an office autonation systen
can be realized by personzl computers and various types of local area
networks, fifth gpeneration computers will possibly require = new type
of conmunication network systems as their own nervous systems. At the
final stage of the FGCS project, the investigation of total systems
will also be necessary for rezlizinz an integrated intelligent systen,
ealled ca-operative problem selving system; it will consist of several
fifth generation computers (or KIP3s), cooperzting through
communicebion networks in order tc accomplish thelr common purposes,
Az another example, the integration of a Fifth generation computer
{for intellipent procossing), & datebase machine and a super-coaputer,
which are spattered arcund the communication networl;, will be required
for building a practieal KIPS application (e.g., 2 nuclear-reactor
dizgnostic expert svsten).
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Computer Network Technology
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Putupre intellirent rpetuworis will nrave toe capabiliss of auteacuic
golFooontrol, suck as adaptive rocting auc adaptive flow-control.
Thege intellicent eontrols over pstucri systens 1will be parfomced by
cimns insballed in notweorls theaselves, as I0UTs YES/IVE srerts

interactive control ever tie I¥5 operating systen as an ald to
eomputer opercters. YIS/IWE s 2 EIFS applipziion (on erpert systen)
thet runs contiaucwusly in pezl time., By Lac uay, for such networi
eontrols, sathering of statistics Iroa variouz nodss ang propagation
of instructions ape escentizl: the group cormnunication faeility
{broadezsting protocol of lsogical-level loyer), as supparted by IHT
(Taterpal Hutuork in 1C0T), will be useful for these purposes. LIirs
trenooizoion required feor such conbrols will hercllr disturd otacr
usual service traonsmissions, firstly beecause of the future wse of
hish-capacity trencuission medis suca as optieal fibre, and secondly
gpeeausc the load level cf futurs nstworks will neec to be held far
helew the saturation peint in erder to guarantee reasonable throughpub

end traaslfer-dslay,

Waile filth penerction eomgputers will psrforn linouledpe-processing
instezd of data-processing, intelligent retworlss will support
knowledop-connunications instead of conventional dzta-communications:
they will trop=zmit not reprssentations but senanties. knowledza
connunication inplies, first, intzlliizent serviess provided by
intellirant servers and ¥nowledge bases apound the nstuorl, znd
geqond, the sonversion of lmosledse representations, such as protocol
erenslatien and media conversion; tae latter may zlsc be perforned by
LIPSz iastalled within the network itsell.
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# Some Requirements of Communication Netwerks as the Infrastructure
for FGCE Computers

¥What will a new gensration communication network, as the
infrastructure for fifth generation computers, be like? As an office
automation enviromnment can be realized by personal computers and
varicus types of loecal ares networks, fifth geperation computers will
possibly reguire new network enviromments. For example, a cellular-
radio network is intended to be used as the basis of mobile-
information-systems (such as moblle-office-facilitiea), which are one
of the R&D themes in the UK's Alvey fifth-generaticn-computer program;
this national celluwlar-radic network, planned in the UK, would
comprise some 400 base stations, (Electronies July 12, 1984)

Only some requirements of such communication networks will briefly be
discussed here, though most of them are now obscure and indefinite.

Generally, KIFSs or fifth generation computers should be capable of
tha high-speed processing of a large volume of data/knowledge, while
acc:ssing to large knowledge bases locally or through communication
networks: e.g., for realizing advanced man/machine or man/network
interfaces. 2o, first of all, knowledge communications will require
the capability of tranmmitting interactively a large volume of
information.

In addition to the future use of high-transmission-capacity
communication media {(e.g., optieal fibre), the load level of future
generation networks will need to be held far below the saturation
point in order to guarantee reasonable throughput and tranafer-delay;
the low-level network load will be claimed not only for real-time
applications (e.g., voice communications and tele-conference), but
also for expedited transmission of control information and statistics
to be required for intelligent network control/management. For
gathering and propagating of such control information and statisties
from/to various network nodea, the group communication facility
{broadeasting protocol of loglical-level layer), provided by INI
(Internal MNetwork in ICOT), will be useful as well.

Broadeasting facility (group communication facility) is generally
appropriate for concurrent or nondeterministic processing over the
netwerk emnviromment, e.g., for executing distributed PROLOG programs
(this might be analogsus to simultaneous gquery to distributed
databases) and for co-operative problem solving systems or distributed
problem solving systems, including intelligent network control
systems. Before long, various broadcasting physical communication
media will bpe available; e.g. satellite communication and wireless
communica tion.

Voice need not be transmitted so accurately in our face-to-face
conversation. Fifth generation computers will be equipped with
intelligence, e.g., default reasoning and common-sense reasoning, This
means that even fuzzy (or nolasy) transmlssion facility may be
convenient and efficlent in certain special cases; the transmission
cost will be much lower only to exchange acceptably accurate
information, In order to reduce transmission volume, the situation or
context of communiecation should be taken into consideration as we do
in our conversation; this technology will be more sophisticated than
that used now in tele-conference communicaticons.

25



[
'Some Requirements of
Communication Networks as the

Infrastructure for FGCS Compuiers

® Capability of Interactive Transmission of Large Volume
= Knowledge Communications
Advanced Interactive Man/Machine Interfaces

e Low-Level Netwm_r_k_ Load

-

B Inizlligent Metwork Cantral
Real-time or Interactive Applications

@ Broadcasting Facility (Group Communication Facility)
®» Network Control/Management

MNon—deterministic Problem Saolving
Concurrent Prohlem Solving
(Co-operative Problem Salving Systems)

e Fuzzy/MNoisy Transmission

mp Exiremely Interactive High—Volume Communications
{(Complemented by FGCS Inference Capability)

L€



i Zuomples of FGC3 TechneloZy Tranaler
taz R copents for Conventional Technigques, e.p., Petri-llct
=
9

EDLE
znd FARL)

Software technolomn odopbed for the FOCS will be effective a3 well as
conventionsl techniques, currently used in nebwork technolegy (e.:2.,
petri-net, state-transition-diagrec and IS!"s FAFL).

it snould be noted thet wmost of these pew techniques are based on
predicate logic and 2o will natuwrally be incorporated inte leogie
progracning langusges.

Severzl lmouledge-bzsed systems for confipuring or paintaining
conpuber or petyorl systems have zlready been proposed, e.g., Ri {er
10N from DECY, for confipuring VAY-11 computer szysteas (Hederaott,d.,
Nt: & Rule-Based Configurer of Compuber Bystems, Artifieial
Intellisence 19 {19282)), 2nd ACE, for the maintenance of
tel ophone=natworiss (Vesonder,G.T.,et.gl., ACE: En Expert 3ysten for
Tel zphone Cable Meintenancs, Proe. of IJCAI'EZ (19E3)).
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Examples of FGCS Technology
Transfer

(as Replacement for Conventional Techniques, e.qg,
Petri-Net/FAPL)

e Expert Systems or Consultation Systems
for Diagnosing and Configuring Nelwork-Systems

e Computational Linguistics, such as DCGsased on rrowos) and ATN,
for Protocol Specification and Translation

.'Ll:llgiﬂ [r.g., Temporal Logic)
for Protocol Specification

® Logic Programming and Object -Oriented Programming
for Modeling of Distributed Processing Systems

e Parallel Processing Architecture (Data-flow, etc.)
for Communicalion Processer
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% Hew Generztion Intellizent Networks Supported by and Haking use of
Revoluticnary Hew Technology

While fifth generation computers will make good use of and be
supported by the rapid evolution of VL3I technology, the intelligent
knowledpe-communication networks of the mew generation will be made
possible by optical fiber technolegy in addition to YL3I and FGCS
technoelogy.

Petroleun has become still more valuable since the invention of
automobiles and the start of mechanical industries than before: not =0
puch oil would be needed only for lamps. Similarly, new generation
communicztion network systems will necessarily make pgood use of
revolutionary new technelegy, such as VLSI and optical fiber, as well
az fifth generation computer systems.
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