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Preface

What will be the key characteristics of the new generation
computer and information systems under development in the
United States, Japan, the United Kingdom, the European Eco-
nomic Community, and other countries? What will be the appli-
cation areas as a result of the development? What impacts will
they have on society? Will such systems enrich our lives and help
identify more profound meaning in our lives? Will such systems
augment world peace, justice, and the wellbeing of our society?
These are some of the basic questions many of us have when
facing the new information society, regardless of our interests.

This book seeks the answers to these questions directly or
indirectly, focusing particularly on the Fifth Generation Com-
puter Project under development in Japan. The materials I have
referred to, therefore, are the various reports published by the
Institute for New Generation Computer Technology, the core
institute for developing the next generation computer and
information systems.

To achieve the above objectives, the scope of this book is
concerned with future computer and information systems from
the viewpoint of users of such systems, by reviewing the evolution
of computer systems in contrast with information systems, by
summing up the present state-of-the-art of such systems, and by
uncovering the background, objectives and scope, and functions
of the next (the fifth) generation computer and information
systems.

Also, I will explore the uses of the new generation computer
and information systems under development by identifying 15
application areas: research and development, production, deci-
sion making, information processing, communication, interna-
tional relations, transportation, labor, distribution, education,
welfare, health, cultural life, environment, and security. I assess
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the impact effects of such new systems and envision the transition
into the era of the new generation computer and information
systems. Naturally, as time goes on, these views must be exam-
ined by continuing in-depth analysis and study.

Finally, future prospects and some remaining issues are
discussed along with my concern with disparity and uncontrol-
lability. At one extreme, we are approaching the brink of human
annihilation, and, at the other, we may be nearing the highest
and seemingly most enjoyable level of scientific and technological
civilization, if we are wise enough.

The intended audiences for the book include not only pro-
fessionals in information systems, computer sciences, engineer-
ing, and business and public administration, but also laypersons
inthose areas, including those in the sciences of communication
and control, effective organization, experimental epistemology
and many others.

Because this book deals with the extent to which we use our
valuable knowledge and intelligence under the changing envi-
ronment, facing knowledge machines and artificial intelligence,
we can envision, or are forced to envision, more realistically the
facets and contents of the future information and computer
society. This means that we have to create better discipline in
communication and control in order to survive and enrich our
forthcoming society.

While future computers may be optical or biological in
nature, I have not covered such computer and information sys-
tems at this time, since my vision stretches mainly into the
beginning of 1990s rather than after that period.

I acknowledge uncountable help by many scholars and
practitioners. Special thanks go to Dr. Kazuhiro Fuchi, Director
of the Institute for New Generation Computer Technology, for
providing me with much reference material, allowing me to
have discussions with members of the institute, and permitting
me to include a March 1984 Report on the Fifth Generation
Computer Systems Project as an Appendix. In addition, research
funds through the Rutgers-Fukui University Exchange Pro-
gram have been of great help from the very beginning in pro-
ceeding with this project.

Since this is a tentative summary of on-going studies, the
readers’ comments and suggestions will be greatly appreciated.
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1 Introduction

Because it is a major, long-term project that is financially
supported by the Japanese Ministry of International Trade and
Industry, the Nextor Fifth Generation Computer Project merits
the attention of scholars and practitioners in the well-developed
countries, particularly in the United States.

The objective of this study is to put this Japanese project
into proper perspective for the potential users of such a system.
The book covers six topies: (1) The evolution of computer and
information systems in general, (2) how the Fifth Generation
project compares with other computer and information systems,
(3) the background, goals, scope, and functions of the Fifth
Generation Project, compared with the project of the Microelec-
tronics and Computer Technology Corporation (MCC) in the
United States, (4) recent developments of the project, (5) the
project’s application and potential impact, and (6) future pros-
pects and remaining issues of the Fifth Generation Project,
focusing on the users of the system.

It should be noted that the Fifth Generation Project has
reached the first year of its interim period, a period of the
development of sub-systems. This interim stage is to be succeeded
by the final period, called the period of total system development.
The interim stage will last until 1988. From 1988 to 1990, in the
final period, a prototype system will be developed. The overall
research and development activity is undertaken by (1) the

1
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Institute for New Generation Computer Technology (ICOT), (2)
the Project Promotion Committee, which includes five working-
groups (Parallel Processing Development, High-Level Inference
and Kernel Language Development, Natural Language Pro-
cessing, Consultation System and Basic Theory, and the New
Language Study Group), and (3) the International Exchange of
Research and Development.

The book emphasizes applied cybernetics or cybernetic
methodology. Applied cybernetics refers to the applied science
of communication and control, the applied science of forms and
patterns, the applied science of effective organization, and the
applied science of epistemology.



2 Evolution of Computer and
Information Systems

Asshownin Table 2.1, we can design a table that highlights
the evolution of the system performance of computer systems on
each row, as compared with the evolution of information systems
on each column. By so doing, we can review the present status of
one company, one industry, or even one country, determining
whether the quality of the information system is matched with
the system performance of the computer system.

This method of assessment may be used to match hardware
and software, conceptual development and realized performance,
and system requirements and the degree of satisfaction. In
cybernetic terms, the direction of efforts between computer and
information systems has been and will be toward enhancing the
quality of communication and control among system designers,
analysts, and users.

Reviewing the evolution of information systems, at the stage
of primitive data processing systems (primitive DP systems),
we concentrated on processing information (transaction data),
particularly routine information—as much and as fast as possible
within a given time, maintaining a minimally required credi-
bility. Communication was not effective because data processing
was on a batch-mode (off-line) basis, and the output did not
facilitate decision making, as expected. Because no common
data-base existed, relational or cross-sectional data could hardly
be obtained.



('sa9Indwiod 03 10adsaa Y3IM SOUBULIOF

-1ad ways4s) £3010uyo9) J9Indwiod Furpuodsauiod oY)
sessedans (suorjouny j10ddns uoisIoep pue UOI}BULIOFUT
juswaSrUBW ‘pajeIIaIul) SwaysAs oy} Jo £31[enb ay ],

saopndwod
uo 9ouBW
-10118d wey
-S4S S)1 ypm
payojew

ST Woey

-SAs a3 Jo
Ayenb ayy,

adeMIJos
suorjeodr[dde ou 10 a[)3I]
Surwwreadoad

a3en3ue[ ol[oqWIAS A[JSO]

0/1 mo[g

(S911J 103 UBAD)

Pa3JUSLIO PABD pPaYoUNJ
£10vded

98.10)S UIBW P}IWIT
sjuawaainbag
90UBUSUIBW JO JUNOWR
93.ae] pue juenbau |
swd[qoad 9zIs pue Jea ]
suorjeaado [BuIa)UI 10]
Saqn} WNNoeA JO 8s()

D VAV g VATV UOYDLIUBL) ISAT A S0S61 fijansg

pSWoISAG 1oddng .S puv g, pun Swaishs oSId (1svg) sdamduior) uo sapn(]

u018193(] UOUDULLOSUT dd payosbagur 2010 uLJ QIUDULOL19 ] WaYSAS ppurroLddy
UdWDBDUD i

SULAISAS UOUDULLOLUT 0 U0LPISUDLT,

WR)SAQ uonewIou] Jo yuswdoaadq ‘1'g 19V L



duireys-swn jo s3uruuldag e

91BM]JOS PIIUBAPE pUB
9J1BMIJOS
suojeorjdde padeyoed e

$O[IJ WNJIp pue YSIp Jo as[)

O/] 9[118SI9A BIOW PUE JISB] e

£1111BSI9A ‘@ouURWLI0JIdd
‘Ay1qeurejurews
‘£31[1q®BI[ad ‘poads Jo)BAIL) @
9ZIS IB[[eWS o
A1)IN0I10 pajeIZaUL JO OS] @

O VHIV aviaayv V VHYV UOIVABUDE) PAIYT, S096 I-PL
TOVT NG -Pldwexy  s0961-pLy
918 MIJOS
£11190 Jo s3utuur3oyg e
souBW  (*939 “TOH 0D ‘NVILIO0A)
-Iojaed way sedengue| Surwwerdoad
-SAs pajusLIo PI)USLIO-2ANP3I0I] e
AIBMULITY so[iy ad®) Jo s e
pue O/I 1018 e
‘uorjeorjdde £y1oeded
aIBM1JOS 938.10)S UIBW DPOSBAJIOU] e
SJUIRILS 189 SS9 @
-uo0d (sjoadse A1[IqRI[o J9)BAIL) o
dIeMPIRY) (sepoIp pue
A3o[ouyoe) SJ0)sIsUBI}) Sjpusuoduwod
Jaynduio)) 9)B]IS-pIOS JO OS] e
qavayv vV VAdv UOYDLIUDE) PUOIIS  SOGET DT

099 WAI e[dwexy

S0G61 v



aviayv V Va4V

SUOI}BIIUNWIWIO))

Breq yHm

Bu1ssasoad aATINQLIISI(]
SI9INAWO0I0I91W puL
saayndwodtuiw Jo

9sn peaxdsspIp
Burreys-ewin

Jo 9sn paseaadu]
9I1BM)JOS

suojedr[dde aqop
S9O1A9D B[1] J19)5B ]
99BJI9JUT J9Sn

y3noayj asn jo asery
£3198d®0 93v10)S ‘poads
paseaJdoult ‘A131noard

ISTA 03 IST3098)

UOYDAIUIE) YN0 Burajoarsy

SOL6T fipanny

09¢ IWEI e[dwexy

SOLET fijanny

pSW2ISAS poddng S puv J0) pun  SWaIshig »SId (71svg)
u018193( UOVDULLOLUT dd pawabaquy  aarpnumnsg
udUwmabOUD P

SWASAS UOLIDULLOLUT [0 UOLSUDL],

s nduo,) uo
2UDULLOfUd] WAISAS

saI0(]
pwrzoLddy

(panurguoo)

TeHTdVL



‘wA3s4s 310ddns UOISIIP S[qEIA B SUIA[OAS JO POOYISY]] Y3 ISBII0UT A[38318

[[14 UONDAIIP J[qezI[E31 PUE ‘UOIEIUAWA[dWI UO I5UIISISUT SNONUIIUOD ‘SIUEINPUS §,IISN 3Y ], "UONIAIIP Pa1Isap Y3 ur doaaap 03 waishs Y3 djqeud
[[i4 suondeIRUT JUAUNIAd snonunuoy) "waisAs 310ddns uoIsSIIP Y3 JO syusUOdWIOd UTEW Y] AIE IISN PUE ISe]-EIEP ‘[9POW SULNEW-UOISIIP 3y ‘sny], ‘4
*SWI2)SAS 3SBQ-BIBP PUE S[OPOW JUIYBUWI-UOISIIAP Y3 IST PUB 03 SSIIJE 393 AJISES UED 19N B JeY) OS PIJUBIIE 9 ISNW WIISAS 3Y ] *

(3a]

"UOTIBULIOJUT 9A1II3[QNS PUE ‘{BUIIUI [EUIIIXI OS[E IN BIEP SUOLIDESUEI} A[UO JOU IPN[OUI P[NOYS ISE]-EIEP PAIEPI[OSUOD 3] ‘S3A13I3[qO 3say3 ureiqo o, 7
‘wAlsAs
UOTIBULIOJUT 343 JO 310D 343 I 1B [9POW 33 JO UOHEZI[IIN A[WN PUE UOISIdIP € 03 3110ddns [e31 19§30 UED JeY3 [9pOW SU[eUW-UOISIIIP € JO UONINIISUO)) |
‘swasAg 110ddng uoIs1I(,

‘wa3sAs Sunsixa ay3 ojur pajerodiodur ulaq A[23enbape INOYIIM Ing ‘siseq Ised AQ ISED B UO Pasn 3q 01 Furuuuidaq a1e swaishs 310ddns uoisaq ‘4
Juswadeurwr
dos jo syuswa1nbai uonewojul 9Y3 03 puodsai Ajjenized ued 31 3ey3 os Buruue(d 51333e13s puE 31e10d 10D Y3Im S[EIP 1BYI WlsAs e Juip[ing uo st siseydwyg ‘¢
‘Juswafeuews doy
Jo syuswalInbal uopewoUl Y3 03 puodsal 03 Butuudaq S1e pue ‘[013uod pue Juruueld A1e3adpng pue [euone1ado Ise32105 puewap apnpul syodalay], 7
'3]qesn AJ[oym 10 AJjenied s1 pue paysi|qe3sd udsq Sey Aem JUWIOS U] ISE]-BIEP PIIEPIOSUOD B 319ym 35e1s 3y3 st sIy] |
'SUIdISAG [SPOIN [013U0)) pue Suruue]] 91810d1070) PUB SWIISAS UOHBWIOJU] JUSWAFRUBH,

‘pazijian 3q 03 Buniess 31e ‘sppow Suniadpnq [e3rded pue [013UOD A103UdAUL SE YONS ‘Bupjew UOISIIP J[dwis 19y3el 10J S[9pOuW I8yl I0N ‘¢
‘[puuosiad Juswafeurws 19M0] 03 A[3sOW Isn JO 31t s310d91 pue ‘ejep uondesuel 3uissad0id Yiim Op 03 IAeY [[1Is SqOf ISOW 7
‘(3810w 03 Bunaels
st aseq-eiep uowwod Afenied y) “suonesrjdde s10w 10 Om3 10§ PIsn e eIEp INdU JWES Y3 PUE ‘SI1J BIEP SI0W 10 OM] 3N 03 SUIIEIS 318 sqOf AUBN ]

‘wasAg Buissadolj eie(g paresdaru,

‘pasn sI [9poW BUDEW-UOISIDIP B YOIYM UI SISED M) AI9A 318 313 ] °G
Juawafeurw dol 10 J[PpIW 10§ SuR{EW UOISIISP Ul 9[qesn 318 ‘AUe J1 ‘M3 'S[943] Judwageuew [[e 03 papiaoid a1e syzoday 4
'SUOIIdESUEI) PIssad01d Yl Uo paseq Arewwns e A[ureurpio st indinQ ‘¢
'SISIXD 9SBQ-EIEP UOWWOD ON "qOf Yoe3 10§ paurejurews si 3seq-e1ep juapuadspur uy 7
*3]qBAI9D31 SIUNODIE JO ATewrwins 10 J[o14ed se yons ‘uonduny sdurs 1ay3el pue Juspuadapur ue 03 pajruay] st qof Suissadoad s3esedss yoeg |
"wA3sAG Buissad01g eIR(] (dIseg 10 dAnIWII]) ATewn],



8 |/ FUTURE COMPUTER AND INFORMATION SYSTEMS

At the stage of integrated data processing (DP) systems,
however, common data-bases were starting to emerge. Not-
withstanding this development, most jobs still had to do with
processing transaction data, and useful reports were mostly
limited to lower-management personnel. Note that in the United
States models for rather simple decision making, such as inven-
tory control and capital budgeting models, were starting to be
utilized.

From the end of the 1960s to the middle of the 1970s, the
next stage of information systems was best represented by the
corporate financial model or corporate planning and control
model systems (Gershefski 1969; Ishikawa 1975), while the term
management information systems was fairly well recognized.
This was the stage where a consolidated data-base in some way
or another was established and was partially or wholly useable.

Also, integrative efforts of varied logico-mathematical models
emerged, which may be called model systems, including demand
forecasting, budgetary planning, portfolio management, pro-
duction planning, and more advanced inventory control models.
It should be noted that the reports were beginning to respond to
the information requirements of top management. Thus, the
quality of communication was further enhanced, and more
effective control, which was impossible up to that time, was
exercised.

However, from the viewpoint of strategic planning and
management, the use of information was seriously limited despite
the fact that it was very costly and needed a vast amount of
man-hours. The time lag between requests and responses was,
in many cases, intolerable.

In order to remedy such weaknesses, efforts were made to
build a decision-making model, rather than a whole model Sys-
tem, by use of mini- and micro-computers. This direction was
welcomed, given the pressure of realizing short-term profits
with less active investment in an environment where inflation
and successive stagflation prevailed towards the end of the
1970s to the beginning of the 1980s.

Consequently, the term decision support systems (Keenand
Morton 1978; Alter 1980) has gained acceptance with the follow-
ing rationalization and emphasis:
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1. Construction of a decision support model, even one time use,
should be the core of the information system.

2. To attain this objective, the consolidated data-base should
include external, internal, and subjective information as
well as transaction data.

3. The system should be very easily accessible for the decision
maker to use decision support models and related data-base
systems.

4. Accordingly, the decision support model, data-base, and
user are the main components of the decision support system.

This means that continuous and pertinent interaction will
be the key factor in developing a decision support system in the
desired direction. The user’s endurance and understanding, as
well as the implementation and identification of realistic goals,
arerequired to increase thelikelihood of forming a viable decision
support system.

One of the important questions raised has been what is the
unique feature of the decision support system in the framework
of management information systems or corporate planning model
systems. Naylor (1982) asserts that decision support systems are
not based on any formal conceptual framework and that they
exist primarily in the minds of academic visionaries and overly
aggressive sales and marketing people. Indeed, in the history of
management information systems, we have never regarded less
the importance and significance of the nature and process of
decision making.

In response to these questions, Blanning (1983) identifies
five principle areas of the decision support system (DSS) research
that are unique and describes how this research has been
accomplished. The five areas are:

1. The construction of knowledge-based interactive systems.

2. The development of frameworks for model management
systems similar to those for data-base management systems
(DBMS).

3. Theintegration of data management and model management
to produce an emerging science of information management.

4. The enhancement of current concepts in information eco-
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nomics to provide relevant criteria for evaluating proposed
or existing DSS.

5. Theinvestigation of behavioral issues relevant to the design
and implementation of DSS.

While the fourth and fifth areas are commonly applied to
both DSS and management information systems (MIS) and
therefore do not seem to be of help to identify the uniqueness of
DSS, the first three areas have some implications and signifi-
cance because of the pursuit of knowledge-based and model
management systems which have not been forefront issues.

If we are to envisage the evolution of information systems
from data-based to information-based, and from information-
based to knowledge-based or intelligence-based systems, the
unique feature of DSS is its symbiotic nature of information-
based and knowledge-based systems. It now plays a transitional
role in view of the present state-of-the-art.

More concretely stated, the knowledge-based DSS captures
the knowledge of the member of an organization about causal
relationships and draws inferences and conclusions from this
knowledge, as exemplified by the set of logistical relationships
found among orders, production, inventories, shipments, and
returns (Bonczek, Holsapple, and Whinston 1981).

Techniques or principles studied include those related to
artificial intelligence, expert systems, natural language pro-
cessing, metaprogramming, resolution principles, AND/OR
graphs, semantic nets, SI nets, and frames (Bonezek, Holsapple,
and Whinston 1979, 1980; Elam and Henderson 1980).

Model management systems are also the conceptual and
applicable extension of data-base management systems. DSS
needs not only data, but also relevant models through which
desired output may be obtained. Such an output may be collated
using data already obtained or further processed, with a set of
data via another model or model systems. Thus, model man-
agement systems encompass both serial and parallel processing
among and between models, and also models and relevant data,
which is related to the integration of data management and
model management. (See the efforts in line with this area, for
example, in terms of a DSS generator (Sprague 1980; Sprague
and Carlson 1982; Konsynski and Dolk 1982).



