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ABSTRACT

We have now a new problem to study: What will the regquirements of &
future communication network be as the infrastructurc supporting
intelligent computers, such as so-called fifth generstion computers op
AT (Artifiecial Intellipence) computers? Az an office automation
environment can be realized by pers=onal computers and various types of
logal area networks, these intelligent computers of the future will
possibly require new network envircnments, thelr own nervous systeus.

This paper discusses some aspects of future knowledpe-comnunication
networks, including some regquirements of future intellipgent netweorks,
mul ti=-media, and network ocperating systems.



1. INTRODUCTION

We have now a new problem to study: What will the requirements of 2
feture communication network be as the infrastructure supporting
intellipgent computers, such as fifth generation computers 7

fiz an office zutomation system can be established with personal
computers and various types of local area networks, these future
intelligent computers will require new network environments. For
example, mobile communicaticn is vital for develcoping mobile
information systems (such as mobile-office-facilities), one of the R&D
themes in the UK's Alvey fifth gensration computer programme.

This paper discusses some aspects of future communication networks
a3 the infrastructure for intelligent computers (e.g., Fifth
Generation Computersl. They include some reguirements of such future
networks, multi-communication media, intelligent network managements,
and petwork operating systems,

In future, meny computer spplications (especially, large scale,
open ended, peographically distributed, concurrent systems) will be
based on communication between systems which will have been developed
separctely and independently [Hew1]. So, at the final stage of the
Japan's Fifth Ceneration Computer Systems {(FOCS) project, the
investigation of rew commurication network technology will be reguired
for realizing an integrated intelligent knowledge processing system,
called 2 "co-operative problem solving systewm",

2. FIFTH GENERATION COMPUTERS
(1) The Aim of the Fifth CGeperation Computer Systems Project

Today, more natural intellipent computer=human interfaces and more
intelligent processing are needed. In the pear future, computers will
be applied not only in data processing but alsoe in knowledpe
information processing. On the other hand, rapidly developing VLSI
technology is available for implementing more sophisticated parallel
computer-architectures, essential for supporting such intellipent
knewledge processing. To satisfy such & need, the Japan's Fifth
Generation Computer Systems (FGUS) project iz aimed at establishing
the basic technolopy required for developing various kKinds of
applications of Knowledge Information Processing System (KIPS).

(2) Knowledge and Knowledge Processing

In FIPFS, the conventicnal concepts of "program" (or "procedure®)
and "dzta™ (or "database™) will be integrated inteo one higher or
broader concept called "knowledge", and be manipulated unifermly; the
retrievel of data and the computatiocn of programs are also integrated
into the higher concept of inferential problem-sclving through
knowledge bases, Programs and data differ ir representaticn rather
than in semantics. Program and data are respectively regarded as
intensicnal and extensicnal representations of the same knowledge.
The following are examples:

Irigonometric function SIN(x) can be represanted either as a
program (e,g. in Tayleor expansion) or &s data (e.g. in a
triponometric function table).



.4 PROLOG program can be viewed both as a program and as a database.

Fnowledge representation models would, however, vary with their
application fields, Various techniques of knowledge representations
have been studied, as exemplified below. Knowledge can generally be
viewed a= a set of data having some structure. For example, the
parsing tree of a given sentence is more than a sequence of words
{that is, just data): a parsing tree, in itself, contains results of
interpretation.

« Felational model
. Parsing tree
.Frame

LSBemantic network, and so on.

Various researches into Artificial Intelligence have shown that
symbol processing (especially, list processing) is useful for
computer<based simulation of human intellectual behavior orF
activities. For example, a parsing tree can naturally be represented
in a list structure asz shown Fig.2-1. This means that symbol
processing (e.g., patterr—natching) may alsc be useful in knowledge
processing.

Fnowledge processing may include various operations, such as
Jjudging the equality or hierarchical relation of two knowledges (that
is, two structured sets of data), unifying them, reducing (or
partially evaluating) some knowledge and a6 on, in addition te
knowledge-based inference. It should be pointed out that future
high=level intelligent applications would be easier to develop based
on knowledge (knowledge processing) rather than based on data (data
processingl. Analogically speaking, knowledge processing corresponds
to solving 2 problem specified in ope's native languapge; data
processing to solving & problem in a foreign language. The native
language itself directly conveys some meaning; 2 foreign language ecan
e accepted only after tramslation.

(3) Knowledge Base

A logic program (e.g., & PROLOG program) consisting of a set of
facts {relations) and rules, can be considered to be a first
approximation to the knowledge base. Tt is more powerful and flexible
toe construct models organically connecting individual relations than
conventional relational databases.

Formerly, the meaning of "data®™ or "database™ has been known only
to the user (i.e., a program); a database or a data=file only contains
"something® unknown. On the contrary, a knowledge base is like an
organism: it knows the meaning of the stored information.

Roughly speaking, a lnowledge base system is analogous to an
excellent library: while the latter has not only & large collectlon of
books but also professional librarians, the former needs to be
eguipped with some imowledge in addition to data or knowledge
themselves, As librarians have knowledge about the books in their
library, a knowledge base system must have knowledge of the knowledge
stored in its own database. Such knowledge is called meta-knowledge;
inference that uses meta-knowledge is ealled meta-inference.
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Fig.2-1 Parsing Tree and Its List Representation



3. PROSPECT for SOME ASPECTS of FUTURE INTELLIGENT HETWORK
3.1 FGCE IMPACT on COMMUNICATION HETWORK TECENOLOGY

The same philosophy and technology as those for the I'GCS project
will be adopted in the communication network field, as well as in
other information-processing fields.

Future intelligent networks should have the capability of autonomic
intelligent self-control, including adaptive routing and adaptive
flow-control. These intelligent network controls will be performed by
EIPSs installed in netwaorks.

These intelligent networks will support knowledge communication
instead of conventional data communication, while fifth generation
computers will perform knowledge processing instead of data
processing. In other words, they will transmit not "representations®
but "zemantics™, Fnowledge communiecation implies, firstly,
intelligent services provided by intellipgent servers and knowledpge
bases, and =secondly, the conversion of knowledge representations,
including protocol translation and media conversion (e.g., text-voice
conversion). 2uch knowledge conversions will be far more difficult
and diverse than conventional capabilities, such as speed conversion,
code conversicn and data compression: it will also bpe performed by
KIPSs installed within the network itszelf., Various techniques of
knowledge representation have been proposed. Enowledge representaticon
models would vary with their application fields. So, the conver=zion of
knowledge representations will be more important in future intelligent
networks.

3.2 BASIC REQUIREMENTS of FUTURE COMMUNICATION METWORES

In this section, some basic requirements of future intelligent
networks will be discussed briefly, though most of them are still
cbescure and indefinite.

(1) Capability of Interzetively Tranamitting Large Velume Information

Generally, KIPSs or fifth generation computers will be capable of
high-zpeed processing of a large volume of data/knowledge, while
aceessing large knowledge bases locally or through communication
networks; e,.g., for realizing intelligent interactive human
interfaces., S0, first of all, knowledpe communications will require
the capability of interactively transmitting a large volume of
information.

(2) Low-level Network Load

In additien te the future use of high-tranamission-capacity
communication media (e.g., optical fibre), the load level of future
networks will need to be held far below the saturation point in order
toc guarantee reasonable throughput and transfer-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 network control information and statisties
required for intelligent network management,

{3) Broadecasting Facility



Before long, various broadeasting physical comnunication media will
be available; e.g, satellite communication and wireless communication.
Broadeasting facility is generally appropriate for executing
simul taneous queries to distributed databases and for developing
distributed problem solving systems, including intelligent network
management systems. The grovp communication faeility, a kKind of
mul ti=casting protocol in the logical=level layer of the INI (Internal
Network in ICOT) local area network ([Tag2l), is also useful for the
same purpose, e.g., for gathering and propagating network-manapement
inf'ormatien and statistics from/to various network nodes.

{4) Various Transmission Service Grades

In [Lan1], Langseth discusses the significance of various grades of
services and the synergies of technology and services in future
integrated service networks.,

Voice need not be transmitted =o accurately in face-to-face human
compunications., Fifth generation computers will be equipped with
intelligence. This means that even fuzzy {or noisy) transmission
facility may be convenient apd efficient in ecertain special cases, The
transmission cost will be ouch lower when only the exchange of
acoeptably accurate information is required., To reduce tranamission
voluce, the situation or context of communication should be taken inteo
consideration as in human communications; this technology will be far
more sophisticated than that used now in tele-conference
comnunications for the same purpose,

2.3 MULTI-MEDIA and KNOWLEDGE INFORMATION PROCESSING SYSTEM
3.3.1 BICHIFICANCE of MULTI-MEDIA

The rapid evolution of communication network technology, such as
optical fibre and multi-comnunication media, will provide greater
possibilities in constructing both knowledpge-comnunication networks
and computer-network-based intelligent information systems. Future
mul ti-communication media will provide diverse and integrated
tranzmission services (e.g., voice, graphics, image, text, and so on),
based on their extracordinarily large transmission capacity.

Hesearch into intelligent human interfaces is cone of the main R&D
themes of the FGCS project. Multi-communication media will surely
contribute to developing various kinds of intelligent human
intepfaces, It should be pointed out that the intelligent knowledpe
processing aimed at in the FGCS project is alaso essential for
realizing such an intelligent human interface system, teking advantage
of them. For instance, & database gquery system using voice/speech must
be equipped with the capability of linguistie processing [Wil1]. That
iz, an intellipent human interface system itself can be regarded as a
typical KIFS application.

3.3.2 MILTI-HMEDIA and INTELLIGENT HUMAN INTERFACES

At first, fifth generation computers will possibly be used for
intelligent office automation systems or office information systems,
especially for providing more advanced human interfaces, More nmatural
interface vehicles (e.p., matural languages, speech, and graphies) and
more sophisticated interface models are both essential, taking
advantage of new advanced interface hardware (including multi-
interfzoe media). It may be interesting to note the analogy between
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the human interface system and a2 three-layered network architecture:
interface hardware, interface vehicle and interface model are
analogous to physical-level, logical-level and application-level
layers, respectively.

Taguchi discussed in [Tagl] some essential reguirements of
intellipent human interface models for intellectual work, such as
programming, writing, and so on. These requirements are listed below.
Among them, "visuality"™ and "mobility" would need support from network
systems (especially, by multi-communication medial.

Quickness (Quick-response)

Jser-initiative (Mode=les=zness), based on a multi-window display
. Interactiveness

LVisuwality

.Literate Terminology (Enowledpe-based Dialeogue)

Lobility (Remote~accessibility)

{1) Visuality

The wisualization of the entire network, including knowledge bases
distributed around networks, is sipgnificant for providing the network
user with advaneed interfaeces. For network visualization, two
multiplexing techniques, the multi-window display and the virtual
cireuit (or session), are primitive but essential materials. As shown
in Fig.3=1 (e}, the user can access several knowledpge bases in the
network at a time S0 a3 to facillitate his intellectual work,

Communication group ([Tag2]), which evolved from virtual circuits,
iz a more elegant advanced concept for reslizing visual interfaces: it
fapilitates simultaneously accessing several knowledge bases through
the retwork. In the near future, multi-compmunication media and more
sophisticated multi-interface media will provide more ideal visual
human interfaces. They will facilitate access to nulti-mpedia
da tabases/knowledge-bases ([Chr1])}, which, for example, contain
text-graphics information or image-veoice informaticn.

{2) Mobility (FRemote-accdssibility)

It ie desirable that variouz KIPS applications and knowledge bases
can be accessed at any time and from any location,

For such a purpose, a more advanced infrastructure, based on mobile
communication systems (e.g., satellite coomunication systems and
wireless local area networks [Gfel, Mak1]) and mul ti-communication
media, will be vital as well as advanced portable or mobile interface
devices. For erample, a cellular radic network is intended to be used
ag the basis of mobile information systems (e.g., mobile office
facilities), which are one of the R&D themes in the UK's Alvey [ifth
peneration computer programme. This national cellular-radio network
will comprise some 400 base stations (Electronics July 12, 1984).
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3.4 NETWORE OPERATING SYSTEM and FENOWLEDGE-COMMUNTCATION NETWORE
3.4.1 EIGHIFICANCE of NETWORE CPERATING SYSTEH

Future personal intellipent computers, such as FSI (Personal
Inference tkehire) under development in the FGCS project ([Yokl1]),
should primarily act as intelligent agents of users and provide
intelligent human interfaces. On the other hand, personal operating
systems for thewm will be released from supporting main heavy functions
that have been common in conventicnal large-scale operating systems.
These include, for example, load-balancing, optimum resouroe
alloration, so-called REASIS, and so on, Conseguently, networks
connecting various types of computing resources or knowledpe hases
should undertake these conventional operating system functions: they
are called integrated network operating systems (NO2s). Roughly
spesking, NOE is for the cperstion of an integrated network system,
while a conventional operating system is for the operation of =&
computer system.

H05 will alsoe be needed from the viewpoint of network manapement.
Future knowledpe-comnunication network systems will be constructed
from various resources, such as inference machines, knowledge base
machines and super-computers, scattered around the network. Tn order
Lo mapage them consistently as a total system, more sophisticated and
powerful network management will be wvital; so, these will be nearer to
the capability of NOS. Moreover, NOS will be needed to provide the
network user with reliable high-level services, let us say, for
develeping a distributed intelligent knowledge processing system or
for the network-based intepration of a fifth generation computer (fop
intelligent processing), a datebase machine and a super-=computer,
which is required for building a practical KIPS application {e.g., a
nuclear-reactor diagnostic expert system).

It should be pointed out here that the large transmission capacity
of Muture network media {such as optical fibre) would make possible
the additiomal transmission of network control informatieon in
realizing N0OS, while conventional operating systems are due to tke
surpluz computing power of large-scale computers,

3.4.2 MAIN FUNCTIOHS of METWORK OPERATING SYSTEMN

The main functions of NOE can be classified 23 below (not
exhaustively) from the experience in desipgning conventionzl operating
gystems and nebtwork management functions.

{1} User-directed Service Facilities
Virtualization
. Security

.Hetwork transparency; e.g., name-server, where 2 symbolie name
of a process can be viewed as an analogue to mnemonic codes in
conventional cperating systems

.Network job (or job group), e.g., the "virtual network" concept
introduced in the DCKA (Pata Communication Network Architecture)
network architecture ([Nael, Kawl])

.Those analogous to supervisor macro or JCOL of conventional
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operating systems; e.g., the so-called remote procedure call

Hetwork virtualization is the most basic concept. This means that
network systems and varicus or heteropenecus resources over them
should effectively be integrated and appear uwniform to network users,
The "logical network" concept of DCKA ([Nael, Kawl]) is a typical
example of network system virtualization.

(2) HNetwork-3yatem Control Facilities

. Those corresponding to kernel functicns in conventional
cperating systems; e,g,, recovery facility, reconfiguration
control, and so on

LEernel functions proper to compunication systems; e.g8., adaptive
routing or flow-control. These are similar to lead-balancing or
thrashing control in conventional aperating systems

. Those corrcasponding Lo operztional management funetions in
conventional cperating systems; e.g., error inforpation,
statistics, accounting information, and 3o on

3.4.3 NETWORK MANAGEMENT FUMNCTIONS in INI

Some of the functicnal aspects of MHOS can be viewed as an evolution
of network management funetions. In the following, exanples from the
INI (Internal Network ir ICOT) local area network {[Tagl]) are briefly
discussed,

Fig,3-2 shows the physical configuration of INI. An LI&4 (LAY
Interface Adaptor) interfaces locally with several intelligent
terainals, and executes communication protocols as their front-end
communication processer. One or more LTAs, called Network-Contral LIAs
{HCLIA=), perform some network management functions as the master.
LIAs, where network-management processes (as agents) are placed,
perforn the processing required for networlk management and, in the
near future, lhey will doing this even for NOS.

INI has basically three layers: physical, logiral and application.
The applivation layer iz in each terminzl, The peysical and logical
layers are located in LZAs, The physical layer corresponds to OSI
layers 1 and 2, Tts protocel is based on ETHFRNET. The legieal layer
corresponds to 051 layers 3, 4 and 5. For this layer, INI has a unique
new group=communication protocol. A logical compunication mediur,
called a "communication group", is formed among several processes: a
messape sent by any process is broadeast to all member processes of
the commuriecation group. For simultanecus pathering and propamation
of information for network management, group coomunication is more
eppropriate than conventional session-oriented communications which
are desipned for one-to-one trensmissions. Horcover, group
communication is useful for implementing the basie furetions of MNOS,
such as process sypohronization and rescurce locking.

Application processes in terminals may use symbolic names to
designatc other processes, especially application-server processes.
The LIA network-manapement process translates a symbolic process-name
intg the corresponding process-addressz by using the mame-resolution
protoccl. {Otherwise, each LTA should know the correspondence between
process names and process addresses of all the servers in INI.) Each
LIA network management process kmows only the currespondence between
the process names and process addresses of servers in locally attached
terminals, The network management process broadeasts the specified

7



process names through a communication group among LIA network
management processes Wwith a NAME-RESCLUTION comnand in order te guery
their corresponding process addresses. The other network management
processes return the process addresses with a HWAME-RESOLUTION-RERLY
conrand when one or more of the process names specified in the
received NANE-RESOLUTION command are the same as those of server
processes in their terminals, The status of server processes such as
"busy"™ and "over-loaded" are also reported using NAME-RESCLUTION-RERLY
compands, By making intellipent use of these status information, the
network-management processes would contribute to network-wide load
balaneing; this is the first step tewards HOS.

/0
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4. COMCLUSION

In this paper, some aspects and requirements of future
communicstion networks as the infrastructure for intelligent computers
like fifth generation computers were briefly discussed,

At The fipal stage of the Japan's Fifth Generation Computer Systems
(FGCS} project, the imrestigation of network-based total systems will
al=o be necessary for realizing an integrated intelligent knowledge
processing system, the so=called "co-operative problem solving
system"; it will consist of several fifth generation computers (that
is, Enowledge Information Processing Systems), ccoperzting through
copmunication networks in order to accomplish their common purpose,

J. Alvey (British TELECOM), who is the chairman of the UE's Alvey
rifth penerztion computer programme, mentiened in his keynole speech
at ICCC'BY, "And while perhaps we have yet te demonstrate nore than
2GB through a fibre that speed of transmiszsion still dumps the
Enoyclopedia Britannica in your ir-tray in a very few seconds., Uhich
poses the next gquestion of what do you do with all thet datz-- the
intellipent computer help you digest it and use it 7" This means that
most of advantape of future network technology, =such as optical fibre
and multi-communication mediz, can be taken only in combination with
intelligent lnowledpe processing, While fifth generation computers
will be supported by the rapid evolution of VLSI technology, the
intellipgent lmowledge-communication networks of the future peneration
will be made possible by FGCS technology in addition to optical fiber
technology and VLSI technology.
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