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FROM THE EDITOR

Demand in the steel and shipbuilding
industries, those key industries that sup-
ported Japan's economic growth in the
past, dropped considerably following the
oil shocks. This factor, combined with
the rise of the newly industrialized
countries {NICs) and the increasingly
stronger yen, have thrown Japan into a
structural recession. International trade
frictions and the rising yen have also
taken their toll in durable consumer
goods industries such as the automobile
and household electric appliances in-
dustries, prompting companies in these
industries to move their production
aperations overseas. This set of cir-
cumstances has had a devastating impact
on Japanese industry, bringing about a
drastic reduction in employment op-
portunities and hindering the devetop-
ment of production technology.

On the other side of the coin, how-
ever, the high economic growth enjoyed
by Japan in the past supported this
country’s rapid industrialization, and
raised the wages of Japanese workers
to levels commensurate with those
earned in the United States and Europe.
As a result, Japanese citizens have been
placing more emphasis on leisure ac-
tivities, This trend has expanded the

market for services industries such as
the hotel, travel and restaurant busi-
nesses, the fashion industry and various
businesses that cater to self-improvement.
In the manufacturing industry as well,
the improved standard of living has
recently increased the need for infor-
mation, technology, knowledge, design
and software over that for tangible
products, thus further advancing the
trend toward a services-oriented econo-
my. This has focused attention on a
variety of new industries that are spring-
ing up as a result of this movement.

The information industry has played
an important role in the advancement of
industry overall. Supported by tech-
nological progress in the fields of infor-
mation processing and communications,
the information industry has gradually
extended its activities to sectors of
society outside the world of industry.
That is, the information industry has
penetrated deeply into the social fabric
of Japan, establishing itself in our homes
as well as our personal lifestyles, and is
serving as the infrastructure upon which
Japan is building an advanced informa-
tion saciety,

By supplying other industries with
semiconductors and LSls, those devices
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that have become basic components in
most manufactured products, the elec-
trenics industry has carved out a place
for itself as a key new modern industry.
And the microelectronics industry, which
has its basis in microprocessors and
microcomputers, is serving to further
technological innovations and the ad-
vance of the information revolution in
industry.  As a result, microelectronics
is expected to become Japan's leading
industry in future.

The world’s first microcomputer was
developed by America’s Intel Corporation
back in 1971 in response to an order
from a Japanese calculator manufacturer.
The technological innovations and wide-
spread application of these devices which
followed have resuited in their rapid
Based on the
initial 4-bit devices, microprocessors and

growth and development.

the microcomputers they form the cores
of have rapidly evalved and grown tech-
nologically into first B-bit, then 16-bit
and recently 32-bit architectures. The
applications to which these devices are
being put have also grown, expanding
into the fields of automaobiles, house-
hoid electrical appliances, inspection,
measurement and control equipment and
instruments, electronic data progessing
{(EDP), traffic and transportation systems,
as well as the fields of business and com-
merce. This widespread use of micro-
computers has had a huge impact an the
world of industry, and is also influencing
the way we live our daily lives. This
issue of the Japan Computer Quarterly
{JCQ), therefore, describes some of the
specific applications and products in
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which microcomputers are being used in
Japan, plus provides some insights into
systems architecture technology and
future utilization trends.

The progress in the field of micro-
camputers has left in its wake a number
of problems that will have to be solved
in future. For example, advances in
hardware technology generally result in
shortages of appropriate software. New
operating systems (OS} and utility pro-
grams, for instance, must be developed
to meet the operational requirements
of new hardware technology. Then there
is the problem of software distribution
and related copyright issues. Intellectual
property rights have recently been re-
cognized as a major problem in this
regard. Other issues related to micro-
computers include standardization and
the education and training of human
resources, both of which are necessary
for promoting the efficient development
of microcomputers,

The education and training of micro-
computer engineers is an extremely vital
task, especially in light of the broad
knowledge and variety of knowhow re-
quired of these engineers, not only in
the fields of hardware and software,
but also in the various fields in which
these devices are applied., Education and
training programs aimed at cultivating
microcomputer engineers are already in
place at universities, technical scheols and
within corporations. However, these
programs are not really systematic, and,
as they stand now will not be sufficient
to meet future demands. For these

reasons, JIPDEC is in the process of




putting together a standard curriculum
for microcomputer engineers. This
curriculum is divided into three categories
or levels — basic, senior and advanced
grade engineers - and sets forth the
knowledge and skills deemed necessary
at each level. This issue of JCQ provides
an overview of the curriculum currently
under consideration.

As pointed out above, microcomputer
engineers must be knowledgeable in a
broad range of fields, This, in turn,
makes the evaluation of microcomputer
engineers, i.e. their knowledge and skills,
at each level of proficiency extremely
important, Microcomputer engineers
must also constantly acguire new know-

ledge and skills in order to advance to the

next highest level. In response to these
requirements, JIPDEC began administer-
ing in 1985 the Microcomputer Engineer
Examination. This examination is divid-
ed into three levels, corresponding to
basic, senior and advanced grade engineers.
At present, however, only basic and senior
exams are available; advanced level
exams will be offered in the very near
future. An overview of this examination
system, plus specific examples of the
types of problems covered therein, are
also presented in this issue of JCQ.

We sincerely hope that JCQ's coverage
of those aspects of the microcomputer
industry in  Japan mentioned above
proves both informative and useful to

all our readers.

%

Yuji Yamadori
Director
Research & International Affairs
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THE MICROCOMPUTER INDUSTRY

Yoshikuni Okada
Electrotechnical Laboratory
The Ministry of International
Trade and Industry

THE DEVEL.OPMENT AND GROWTH took after its mother in size, and was

OF MICROCOMPUTERS

Seventeen years have come and gone
since Intel announced the world’s first
microcomputer, the 4004, back in 1971.
In that amazingly brief span of time,
microcomputers have evolved to the
point where nowadays they can be equip-
ped with functions equivalent to those
found in advanced, high-performance
minicomputers.

The birth of the microcomputer
coincided with the appearance of large-
scale mainframe computers and minicom-
puters, the paternal side of the relation-
ship that brought these devices inta the
world. Today, compared to the wide-
spread popularity of personal computers,
only a handful of advanced users employ
mainframes and minicomputers. The
maternal half of the relationship that
praoduced the microcomputer was integ-
rated circuit technology, more specifi-
cally, the dedicated large-scale integration
(LS1} chips used in calculators, The first
micraprocessor was actually a by-product
of a project almed at converting this
dedicated calculator chip, which featured
decimal aritbmetic functions, into a
general-purpose LS|, The microcomputer
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therefore much smaller than its father
figure, the minicomputer. Thus its name,
the MICRQcomputer,

Microcomputers were the first devices
to make use of integrated circuit tech-
nology to concentrate the processing
elements so vital to a computer onto a
single chip, or, in some cases multiple
chips, making them quite different from
canventional computers of the day. The
development of the microcomputer sub-
sequently resuited in the birth of revolu-
tionary computers that made the most of
the special characteristics of integrated
circuits, i.e. compact size, low cost, low

. power consumption and mass production

capabilities.  The microcomputer was
thus a new information processing tool
born of the union of computer and integ-
rated circuit technologies, and featured
revolutionary electronic capabilities not
found in either computers or integrated
circuit chips produced prior to its devel-
opment, Microcomputers have made
possible the incorporation of computer
functions into a variety of machines and
equipment in the form of electronic
components. This in turn has made it
possible to incorporate heretofore un-

imaginably complex control functions




In the world of

into compact machines.
computers as well, the early general-
purpose microcomputers that were initial-
ly described as being slow, but inexpen-
sive low-end minicomputers, have made
their way into the domain of the super-
minicomputer.

Japanese manufacturers have con-
tributed greatly toward the development
and growth of the microcomputer. For
example, Intel's 4004 microprocessor
announced in 1971 was the result of an
order placed with Inte! by a Japanese
caleulator manufacturer, Business Com-
puter Co., Ltd., which also participated
in the development of that device. Prior
to the 4004, dedicated LSIs had to be
specially developed for each make and
model of calculator, This raised a num-
ber of problems, including increased
development costs and turn-around times,
as well as difficulty in estimating the
number of LSIs that should be manufac-
tured each time. Business Computer
drew up plans for a project designed to
develop the smaliest chip set capable of
overcoming these prablems. However,
- Japanese chip manufacturers at that time
were concentrating primarily on bipolar
devices, and as a result, no firms in Japan
were taking orders for metal-oxide semi-
conductor [MOS) LSI, considered the
most appropriate for calculator use, Busi-
ness Computer therefore placed an order
with Intel for the desired general-purpose
In 1969, Business Com-

puter sent Masatoshi Shima and two

calculator chip.

other engineers to Intel to commence
development of the new chip with Dr,
Hoff and his staff. It was Dr. Hoff who

suggested that the calculator chip be a
4-bit computer chip, which would then
be programmed to meet different specifi-
cations. Shima was responsible for
designing the central processing unit
(CPU} for this microcomputer. Onee
completed, this microcomputer (intel
4004) was incorporated into the Business
Computer 141P calculator, which was
marketed in 1971.

Intel followed up the 4004 with an
8-bit processor labelled the 8008. The
8008 LSi chip employed P-channel MOS
{PMOS)}, a type of semiconductor es-
pecially well suited to large-scale integra-
tion, and was called a first generation
microcomputer. By making some major
improvements to the 8008, Intel was able
to develop the 8080, another 8-bit LSI
that used N-channel MOS (NMOS) as the
substrate. The 8080 soon become a best
seller, and is still widely used today.

One of Japan's major electric ap-
pliance manufacturers, Toshiba Corpara-
tion, although a bit slower getting off the
mark than Intel, developed and began
marketing in 1973 a 12-bit PMOS pro-
called the TLCS-12, which it
developed in-house as an engine control-
ler for the Ford Corporation of the U.S.

This was the Business Computer-Intel

cessor

case in reverse, with America’s Ford
to Toshiba to
develop a custom-made chip. Alse, it was

Corporation coming
Japan's Electric Corporation
{NEC) that was the first to make the
switch from PMOS ({first generation} to

Nippon

NMOS (second generation) substrates in
the field of 4-bit processors,

Numerous semiconductor manufac-
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Table 1. Japanese Second Sources of U.S.-made Micropracessors

QOriginal Processor

Second Source in Japan

8080A

Mitsubishi Electric, NEC, Qki Electric, Toshiba

280 Hitachi, NEC, Sharp, Toshiba

8085A Mitsubishi Electric, NEC, Oki Electric, Toshiba
6800 Hitachi

6802 Fujitsu, Hitachi, Matsushita

6809 Fujitsu, Hitachi

turers developed their own 8-bit proces-
sors after Intel announced its devices,
but in the end, only Intel’s BO series and
Motorola's 6800 series of microprocessors
have remained as popular selling chips.
In Japan, large numbers of semiconductor
makers entered the market as second
sources for the Intel and Motorola chips
{See Table 1), After a time, microproces-
sors increased to 16- and then 32-bit
architectures, and a variety of different
kinds of processors were developed, to
include signal processors, bit slice pro-
cessors and single-chip microcomputers.
Of these, the device that has contributed
the most toward the growth of the micro-
computer industry has been the single-
chip microcomputer,

The single-chip microcomputer has its
origins in the TMS 1000 series announced
by America’s Texas Instruments Corpara-
tion in 1975. This single-chip microcom-
puter integrated the three (3) essential
glements of a computer — CPU, memory
and input/output {I/0) interface — onto
a single chip, thus making the most of
the miniaturization, reduced weight and
low power consumption associated with

semicanductor chips.  These features

matched up perfectly with the consumer
products orientation of Japanese in-
dustry. As a result, Japanese semicon-
ductor manufacturers began developing
their own versions of single-chip micro-
computers, and these devices are now
being incorporated in a wide range of
electrical appliances and other consumer
products in particular. The original 4-bit
single-chip microcomputers have grown,
and recently 16-bit versions of these
devices are being employed, making
possible truly advanced applications.

We are now heading toward the 32-
bit single-chip microcomputer era, and
Japanese firms are also in the process of

developing original versions of these

devices, For example, NEC has its V
series  of 32-bit chips, and Fujitsu
Limited, Hitachi Limited, Mitsubishi

Corporation and Toshiba have jointly
developed The Real-time Operating Sys-
tem Nucleus (TRON) chip. These and
other Japanese chip makers are also busy
developing specialized microprocessors,
such as those for use in image processing
and artificial intelligence (Al) applica-

tions using Prolog and/or Lisp.




MICROCOMPUTER APPLICATIONS

As pointed out above, microcomputers
possess the special characteristics inherent
in semicenductors and computers, The
applications to which these devices are
capable of being put can be broken down
into the following three categories:

1} Replacements for conventional elec-
tric circuits (wired logic);

2) Computers, and

3) New applicaticns,

When microcomputers are used in
place of wired logic, control circuits
which used to consist of wires are imple-
mented via programming. In other words,
hardware is replaced by software. As far
as new applications are concerned, micro-
computers are capable of complex control
functions that were never possible before,
thus creating applications specifically
suited for microcomputers. The advent
of the single-chip microcomputer also
made possible the Iinexpensive mass
production of the products used in these
two types of applications. Examples of
single-chip microcomputer applications
in the field of computers” are the ubiquit-
ous general-purpose personal computers
{PCs}, various types of workstations and
wordprocessors.

Today, microcomputers are being put
to a wide array of applications in a broad
range of industrial fields. So many, in
fact, that it is hard to keep up with them

all. Table 2 provides some examples of
the applications to which microcom-
puters are currently being put here in
Japan. These examples demonstrate the
diversity of microcomputer applications,
but by no means cover zll the products
employing microcomputers today. Let's
take a look at a few of these applications
and trace their development.

General-purpose Computers And
Workstations

The advent of the microprocessor
theoretically made it poessible to cen-
struct compact, inexpensive computers
by emulating conventional processors
using microcomputers. And it was felt
that these smaller, cheaper computers
should stilt be able to make use of availa-
ble software. However, the processing
speeds of the initial microprocessors were
slow, and they were designated low-end
minicomputers, Bit slice processors
offered another means of simulating
conventional computers, as evidenced by
Mitsubishi Electric Co., Ltd.s MELCOM
In the U.S., the
integration of minicomputer functions

series of computers.

onte LS| chips progressed with the
appearance of DEC’s VAX computers and
Data General’s Eclipse, thus polarizing
the minicomputer market into super-
minicomputers and low-end minicompu-

ters on a chip.

*NOTE: The term computer here is used in the broad sense of the word, and includes

those systems comprised of keyboards {input devices consisting of ten or more alpha-

bet keys) and displays. Wordprocessors and electronic notebooks are thus also included

in this definition.
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Table 2. Japanese Products Incorporating Microcomputers Between 1976 and 1986.

industrial use

{Information/
Communica-
tion equip-
mentl

(Office
Automation}

1976 1977 1878 1970
Audio song Car radios, Clock car DO players,
N . selectors cassette decks | radios, sudic electronic
?af'or';‘a::"n timers, musical | sterea tuners
aup instrument tone|
generators
TV channel TV remaots Programmed Bilingual TV,
seloctor contral, v, videatex,
VTR timers partabla VTR | CATV, VTR
TVIVIR machanical
eontrol, VTR
timer display
Timers, washing Air condi- Refrigerators
machines, gas tioners,
::gg:rei:old ovens, FF rice cookers
Consumer appliances stoves, micro-
geads P wave ovens
{Tale- Telephone Car wlephones,
phanes) answering heme facsimilg
machines, push | machines,
‘f:lﬁ:‘u' button phones, | pagars, sphymo-
equip s 8mm cameras | manometers,
. interphones,
Others| mentl toysfgames,
4.bit devices {Heal1h calculators
equip-
ment]
(Games)
[Hobbies)
Facsimile ma- | Disaster preven- Automobite
chines, radics, | tion systems, panels, print
electronic cash | marine radios, | developers,
registers {(ECR),| CB radios, power line
industriat sew- | copying ma- carrier wave
ing machines chines, thermal | controller,
{Automobitesl printers, ECR, | agricultural
data collectors, | dryers, rice
{tnformation/ delivery controlj cleaning ma
COMmmunIica- systems, optical| chine, vending
Industrial use tion equip- mesasuring machines
ment) instruments
{Dffice
Automation|
{Audio)
Consumer ITVIVTRI
goods [Household
Electrical
Appliances)
. . 12-bit car
8:-bit devices v
. engine centrol-
lAutomohiles) Jars 11975)

16-bit devices

Warksiations,
migrocamputar

systams

Wire-bonders,
educational

kits

PCs, counter
terminals

Japan Computer Quarterly




1980 1981 1982 1983 1984 1885 1986

Car steraos, HiFi stereos, DAD players, | Karaoke Portable €D radic
rempte control | audio equaliz- | stectronic systems, camponent cassettes
stergos, fully- | ers, guitar organs, CO players stereo systems
autornatic tape | tuners electronic
players pianos
VTR slow Large screen Liquid crystal | Digitat TV Bmm video DBS (satellite | VTR field
maotion, TV, VTR TV, video with built-in camera broadcasting] | memory con-
VTR auto- systemn control,| camera auto- VTR trol, automatic
matic search VTR head out, | focus coter gradation

video cameras, control for

video disks video cameras
Electric fans, Fully-autormat- | Inverter air Dishwashers, Gas water Knitting Home bakery
talking clocks, | ic washing conditioners, clathes dryars, | heaters, machines units,
car air condi- machines, electromagnetic| water coolers, | electronic hot plates,
tioners compact cookers gas tubs carpets, humidifiers

pumps, kero- electric

sene heaters kotatsu
Health equip- | LL squipment, | Muiti-function | Educational Air cleaners, Digiral tele- Inch-miilimeter

. ment lexer- electronic "Go”| telephones, machines, gas | mailboxes, phones, frant | conversion

cycles), games, elec- system tele- alarms, remote | calendar doar monitors, | devices, talking
pulsometers, tronic locks, phones, scales, | controlled light| watches, photoelectric | games, tennis
scalgs pendulum PCs, disk apparatus, voice| sprinklers eguipment, recorders

clocks, cameras, recagnition MSX PCs, elec-

oy watches, TV cameras, calculators, tracardiograph,

travel clocks, massage ma- pedometers, radio control-

hand-held chines, cameras,| caleulator led toys, chess

games maisture watches clocks, heighto-

measuring metars

instruments for
rice and other

grains
Automabile Car clocks, car | Automaobile Automohbile Car displays, Automaohile Pawer steering,
1rip computers,| engine control- | energy saving backup sensors,| automobile obstruction warghouse
automatic lers, traffic systerns, voice | engina knock speed control- | detection management
warning devices| signal cantrol- | synthesis con- | controiters, lers, four-wheel | devices, system,
for cars, auto- | lers, game trollers, voice | car speed moni-| drive CPN, diesel engines, | card readers
matic doors, machines, time | recognition .tars, tacometer | antenna con- emergency
producticn racorders, controliers, graphics, cord- | trollers, wiper | broadcast
control systems,| show cases, electronic fess tetephones, | controllers, taxi| receivers,
coin changers | gas meters swiiching personal radios,| meters, HALS, | CO-ROM, IC

eguipment, Emergency digital mega cards, scanners,

AVM mobile broadcasting parking meters,

s1ation opera- | systems, hame fish detectors,

tion contrallers,| environment gas cut-off con-

hote! CATV cantrollers, trollers

systems, FDD | security sys-

cantrallers, tems, word

keyboards, pracessors,

typewritars/ alectronic

printers, auto- | calipers
matic thermo-
meters, rabots

Radio cassetts | Receivers, word Electrenic Audio timers, | Electrenic Karaoke grad- | CD players,
players, CATV | processors, musical instru- | DAD, video ovens ing systems, VTR, video
calculaters, gamaes, ments, CATV, | disks, heating AF cameras, camcorders,
hot water sphygmomano-| VTR, car tele- | controllers, inverter air electranic still
heaters meters, phones, air cameras, PCs, conditigners, cameras
IC cards conditioners, educationa! game machines
microwave machines,
ovens radio control-
led toys
Car engines, Taxi meters, Autemnobile Automobile Tachometers, | Igniters, auto- | Car engine
telephones, radios, FDD, panels, sequential telephone cruise, push contrellers,
ECR, HCD, PUOS, measuring controllers, dialers, multi- | buttan phones, | car radios, tele-
typewriters, disaster instruments, personal radios,| function tele- | transceivers, bar| phone answer-
printers, prevention |G cards, navigators, key-| phones, cord- | code readers, | ing machines,
PPC equipment robots baard encoders, less telephones,| charging timers,) mouse control-
modems, PCs, | communication| press safety lers, POS termi-
SBCUTity Sys- equipment, devices nals, vending
1ems, bailer PBX, hand-held machines, valve
contrallers PCs, HD con- controllers

{kerosene), NC | troliers, indus-
machine tools | trial sewing ma-
- chines, general-
purpose
tnverters

NC machines, Indusrtrial
robots robots
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However, advances in LSI technology:

gave rise to a phenomenon whereby L3I
versions of 16-bit minicomputers sur-
passed their conventional counterparts.
This phenomenon could be seen in the
TLCS40 chip that simulated Toshiba's
TOSBAC minicomputer, as well as in the
J11 chip which simulated DEC's PDP11.
The advent of high-performance 32-bit
microcomputers has also resulted in the
appearance of machines that surpass
conventional super-minicomputers like
the SUN-4. And in the fields of general-
purpose computers and workstations, LS|
versions of these machines are becoming
popular.

Japanese-language Wordprocessors

In the past, numerous difficulties and
probiems were experienced in getting
computers to handle the Japanese
language. Everyday Japanese makes use
of several thousand Japanized Chinese
characters called kanji. For this reason,
the first problem faced in trying to make
computers fluent in Japanese revolved
around input methods. A number of
input methods were considered, including
arranging several hundred simple kanji on
a tablet and then selecting from amaong
these and/or combining them to make
the more complex kanji, similar to the
approach used with kanji typewriters.
A multi-stroke input method was also
tried whereby the first keystroke is used
to select a kanji group, and the second to
choose a specific character from among
that group. However, these methods
required considerable skill, and were

Japan Computer Quarterly
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therefore not well suited for popular use.

The second higgest problem to equip-
ping computers with Japanese-language
capabilities had to do with output func-
tions, In order to output kanji to a VDT
or printer, a dot matrix of at least 16 X
16 dots is reguired, and to make that
kanji character easy to read, you need a
minimum of 24 X 24 dots. However,
incorporating these kanji character fonts
into display devices or printers raised the
prices of these equipment considerably,
Finding a dot printer which could create
precise fonts was also a problem. For
these reasons, for a long time only those
industries which absolutely had to do
business-in Japanese made use of large-
scale mainframe computers equipped
with Japanese-language capabilities.

It was under these circumstances that
Toshiba began marketing the predecessor
of today’'s Japanese-language wordpro-
cessor which first employed the kana-
kanji conversion method for inputting
Japanese characters (kana refers to a
dual syilabary system used in Japanese
writing). This machine sold for about the
same price as a low-end minicomputer,
but was considered an amazing bargain
at the time. Since that time, however,
the cost of producing microcomputers,
memory devices and peripheral equip-
ment has been lowered considerably, and
today’s Japanese-language wordprocessors
come equipped with liquid crystal dis-
plays, floppy disk drives and Japanese
kanji printers, and sell for between 100—
200 thousand yen (hetween US$770 —
US$1,540 at US$1=130 yen).




Personal Computers

The PET put out by America’s Com-
modore Co,, Ltd, can be considered the
forerunner of modern personal computers
{PCs).
were marketing one-board computers
such as the TK-BO even before the ap-

However, Japanese firms like NEC

pearance of the PET, These one-board
computers were equipped with micro-
BASIC and TV interfaces, and, when all
hooked up looked like real computers.
Japan’s S_ord Computer Corporation was
also among those companies that first
marketed 4-bit microcomputer systems
complete with floppy disk drives, key-
boards and displays. The price tag on
these early PCs was several million yen
for single drive systems, which neverthe-
less was still considerably cheaper than
minicomputers then,

These early 4-bit machines were fol-
lowed by 8-bit PCs, and today we are
entering the age of the 16-bit PC.
Popular 8-bit machines in Japan include
NEC's PC-8000 Fujitsu’s FM
series and Sharp’s MZ series, In the

series,

beginning, these PCs were used primarily
by computer buffs interested in playing
electronic games. However, with the
spread of floppy disk drives and other
peripheral equipment, PCs could be used
in business applications as well, and soon
were playing a maipr role in the office
environment.

The 16-bit PCs now being marketed
boast a variety of very useful software
such as spreadsheet programs, wordgpro-
cessors and database programs, which are
these machines

helping rapidly gain

11

popularity.  PIPS, easy-to-use business
software featuring spreadsheets and other
business-oriented programs an a card-like
media was developed independently in
Japan by Hiroshi Mochizuki, then with
the Bank of Japan. Just as IBM’s 16-bit
called PC
widespread popularity in the U.S,, NEC’s
PC-9800 series of 16-bit machines is being
PC-9800 series
machines are equipped with the same
Intel 16-bit processors as the IBM PC, and

microcomputer is enjoying

widely used in Japan,

operate under a Japanese-language version
of MS-DOS.
ware houses are developing wordpro-

Numerous Japanese soft-

cessors, integrated software packages and
other software for the NEC PC-9800
series and other makes of 16-bit Japanese
PCs.
for PCs in Japan by year and application,

Figure 1 shows the market forecast

and indicates the number of types of
machines used for each kind of applica-
tion.

In an attempt to open up the home
PCs,
Corporation developed a PC configura-

market for America’s Microsoft
tion which it proposed be accepted as
the standard. This home-use PC con-
figuration is called MSX, and numerous
Japanese home appliance manufacturers
have developed MSX machines and are
marketing them in Japan and overseas.
Second generation MSX machines are
equipped with 3.5-inch floppy disk
drives and are selling for a low 50—-60
thousand yen apiece. These home-use
PCs can be hooked up to the family TV

to play games and/or do word processing.
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Figure 1, Breakdown of Personal Computer Utilization by
Application {Comparison of PCs Sofd in 1985—86)

Home and personal use

The PCs, M5X machines and Japanese-
language wordprocessors discussed above
are steadily finding their way into the
Japanese home. This holds especially

true for the Japanese-language wordpro-
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cessors, which are being sold at ordinary

home electric appliance shops and
counters., And sales are increasing as the
price tag on these wordprocessors con-
tinues to drop.

Considerable attention is also being

focused on hand-held information instru-




ments that can be used similarly to
pocket calcufators. Two examples of
these kinds of microcomputer-based pro-
ducts are electronic dictionaries and
electronic natebooks.  Electronic dic-
tionaries are programmed to display
specified Japanese kanji, and give their
correct reading and meaning. There are
also more advanced models of these
instruments which are equipped with
Japanese-English  and English-Japanese
dictionaries and can perform simple,
conversational translation.  Electronic
notebooks serve the same purpose as
ordinary notebooks, that is,'they possess
functions that enable the user to create,
maintain and retrieve needed addresses
and telephone numbers, as well as memos
and schedules. These machines are being
manufactured by Sharp Corporation and
Casio Computer Co., Lid., and are gain-
ing popularity among Japanese business-
men. In the future, we can look forward
to a variety of electronic publishing
equipment that make use of CD-ROM
technology.

The electrenic game market, by its
very size, is also having a powerful in-
fluence on the semiconductor industry.
At one time, game arcade-oriented micro-
computer-based electronic game machings
such as *‘Space Invaders’’ were so popular
in Japan that semiconductors came into
short supply. Today, the Family Com-
puter marketed by Japan's Nintendo
Corporation is extremely popular among
children in the elementary and middle
This is a dedicated

game machine that employs ROM soft-

school age brackets.

ware and has to be hooked up to a TV
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set to be used. Third-party software
makers are also churning out games for
use on this machine, among which a
number of bestsellers appear each year.
The penetratian of the Family Computer
into the home market is being closely
watched, and it is even being considered
as a potential terminal device for a value-
added network {VAN) project.

FUTURE OUTLOOK FOR THE
MICROCOMPUTER INDUSTRY

There

computer industry will play an increas-

is no doubt that the micro-

ingly centra! role in the development of
an information society in Japan between
now and the start of the 20th Century.
But there are a number of points that
must be taken into consideration if that
development is to take place in a sound
manner. This section briefly discusses
certain activities that are being under-
taken to pinpoint and sclve these prab-

lems,

The Education And Training Of
Engineers

The education and training of micro-
computer hardware and software engi-
neers is vital to the development of ad-
vanced devices in future. This is especial-
ly true in the fieid of microcomputer
applications, where a broad range of
knowledge and knowhow covering the
fields of microcomputer hardware, soft-
ware and applications technology are
required. In Japan, the education and

training of microcomputer engineers is
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Table 3. Actual and Projected Markets for PCs by Application, Bit Size and Value from 1983 to 1990

(Domestic figures anly)

3-1. Number of Units {%) (Actual) I (Projected)
1982 ratio | 1984 ratio | 1985 ratio 1986 ratio 1987 ratio 1988 ratio 1989 ratio 1990 ratio
Business Use 38 39.3 4058 41.3 42.3 42.9
S&T/Measurement Control 13 13.0 13.0 132.0 12.9 12.9
Uses 2 . . . .
Education/Hobby/Home 49 47.7 46.5 45.7 44.8 44.2
Uses ) ) ) ) )
Total {Domaestic) 100% 100.0% 100.0% 100.0% 100.0% 100.0%
3-2. Shipping Values (%)
1983 ratio | 1984 ratio | 1985 ratic 1986 ratio 1987 ratio 1988 ratio 1989 ratip 1990 ratio
Business Use 52 53.2 54.2 54.9 55.5 56.4
S&T/Measurement Control 20 20.3 20.4 20.2 19.9 19.8
Education/Hobby/Home 28 26.5 25.4 24.9 24.6 23.8
Total (Domestic} 100% 100.0% 100.0% 100.0% 100.0% 100.0%
3-3. Units by Bit Size (In thousands of units)
Fiscal 1983 | Fiscal 1984 | Fiscal 1985 Fiscal 1986 Fiscal 1987 Fiscal 1988 Fiscal 1989 Fiscal 1990
8-bit 719 917 789 686 : 55 630 | 48 570 i 39 5101 31 460 | 24
16-bit 166 279 398 661! 45 620 1 48 780 ¢ 54 990 ' BO 1,240 : B85
32-bit - i 50 | 4 100 | 7 160 | 9 200 ¢ 11
Total (Domestic) 885 1196 1,187 [ 1,236 ¢ 100%] 1,300 | 100%| 1,450 | 100%] 1,650 | 100%. 1,900 | 100%
3-4. Number of Units by Value (In thousands of units)
Fiscal 1983 { Fiscal 1984 | Fiscal 1985 | Fiscal 1986 Fiscal 1987 Fiscal 1988 Fiscal 1989 Fiscal 1990
Less than 100,000 yen 2564 581 457 321 400 420 485 485
100,000—200,000 yen 531 165 227 251 260 290 340 400
200,000—-500,000 ygn 331 365 433 455 5156 595 700
500,000--1,000,000 yen 62 76 20 131 130 165 185 220
1,000,000—3,000,000 yen 38 4z 478 40 55 70 85 95
Total {Domestic) B85 1,196 1,187 1,236 1,300 1,450 1,650 1.900




carried out primarily at universities,
technical schoals and via in-house training
programs at companies and corporations.
However, with the rapid advances being
made in technology development, agencies
and/or organizations capable of providing
appropriate guidance and guidelines for
the education of microcomputer engineers
are extremely important. As is explained
in other articles appearing in this issue
of JCQ, the Japan Information Processing
Development Center (JIPDEC) has drawn
up guidelines for microcomputer educa-
tion programs, and is directly involved in
this education process as a result of its
administration of the microcomputer
engineer examinations.

Standardization

When it comes to standards for micro-

computers, numerous areas come o

mind, including system buses and
mnemonics, but those two areas where
standardization is feit to be the most
needed are operating systems {05} and
man-machine interfaces. Japan is con-
tributing toward the standardization of
system buses and mnemonics by heading
up Subcommittee 47B of the Interna-
tignal Electrotechnical  Commission
{1EC),

national project called TRON, which is

and is pushing ahead with a
aimed at developing a new, standardized
0S and man-machine interface environ-
ment. As stated above, TRON stands for
The Real-time Operating System Nucleus,
and is conceived of as being a series of
interconnected real-time 0S, complete

with micracomputer man-machine inter-
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The TRON OS currently under
ITRON for
dustrial applications, BTRON for business
applications and CTRQON, an OS designed

faces.

development include in-

specifically for large-scale computers with
A 32-bit
TRON chip is being jointly developed by
Mitsubishi, Fujitsu, Hitachi and Toshiba
as a proprietary microprocessor unit for

communications capabilities.

running TRON software,
ASIC Microcomputers
The importance of application specific

circuits (ASIC)
microelectronic devices in future is be-

integrated for use in
coming widely recognized, and when the
“system-on-a-chip” is realized, we can
expect more compact, higher perform-
ance microelectronic devices. However,
microelectronic devices are substantially
different from conventional products

devetoped using independent devices.
Due to problems arising from intellectual
rights, it isn“t possible to incorporate
processors or circuits into chips as one
pleases.  Other problem areas related
to ASIC microcomputer systems include
the high costs of design work, the need to
divide development werk up between
ASIC manufacturers and the firms pro-
ducing the equipment the chips are to be
used in, and the lack of standardized
circuit libraries and distribution systems,
All these problems will have to be dealt
with before ASIC technology can be

widely utilized.
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Software Distribution System

In order to insure the sound develop-
ment of the software industry, a system
will have to be established that will
guarantee that copyrights on truly excep-
tional software pragrams be protected
and the creators of those programs be
fairly compensated for their efforts. For
this reason, we are going 10 have to take

another look at the software distribution

system, Professor Ryoichi Mori of
Tsukuba University has devised a revolu-
tionary software distribution system

which he calls the Software Service Sys-
tem {SSS}.
cooperating with software producers to

Right now, Professor Mori is

determine ways of commercializing this
system. The SSS basically calls for soft-
ware users to pay a utilization fee to
software producers based on how fre-
quently they utilize a software program.
Users can freely copy software programs
Therefore, with the
loaded with software

they need or want,
585, CD-ROMs
programs are distributed to users at

extremely lost cost.  The users then
select only those programs they really
want to use from among the software
stored on the CD-ROM, and capy those

programs to their own file systems or

Japan Computer Quarterly
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recorded them on a network server for
their use. The user can then pay a fee
to the producer of the software for the
number of times he actually uses those
programs.

This report has attempted to describe
just one facet of microcomputers and
their current applications. But micro-
computers are rultifaceted, which makes
it almost impossible to discuss them in
any depth in a short report such as this,
Nevertheless, | hope this report helps
those who read it gain some insight into

the microcomputer industry in Japan.
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MICROCOMPUTER APPLICATIONS

INTRODUCTION

Following the appearance of micro-
processors in 19871, these devices and the
microcomputer systems they form the
cares of have been employed in a wide
range of fields, in everything from com-
mercial products to industrial machines
and equipment, and have had an in-
calculable impact on our daily lifestyles.
In fact, many of the benefits derived
from today’s microprocessers and micro-
computers remain unknown to most
people.

This report is designed to introduce
just a few of the ways in which micro-
computers are being put to use in the
fast-growing microcomputer industry in
Japan.

MICROCOMPUTER APPLICATION
SYSTEMS

As shown in Figure 1, microcomputer
hardware and software must be tech-
nclogically merged together to produce
a microcomputer application system.

During the era of 8-bit microproces-
sors, CP/M was the operating system (OS}
most often used as the basic software in

microcomputer systems. But following
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the advent of the 16-bit microprocessor,
MS-DQOS has predominated the market.
UNIX and OS5-9 have also earned places
for themselves as basic software for use
Meost
off-the-shelf software packages and data-

in 16-bit microcomputer systems,

base software are now relatively inexpen-
sive to purchase. The leve! of software
expertise exhibited by the average user
teday has improved significantly, and
numMerous users are quite capable of put-
ting together their own dedicated software
programs. Increasingly large numbers of
users are even trying their hands at pro-
ducing their own communications soft-
ware and constructing their own local
area networks {LAN). MS-DOS, UNIX,
05-9 and other basic software programs
play major roles in enabling users to
deveiop their own applications software
in this way.

Microprocessors comprise the physical
cores of microcomputer systems. Two
types of microprocessors have gained
widespread utilization: bit-slice micro-

processors and the so-calied one-chip
microcomputers. General-purpose micro-
processors are steadily moving from 8- to
16-bit architectures, and 32-bit micro-
processors are already gaining popularity.

As indicated in Figure 2, general-pur-
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Microcomputer——Microprocessor
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Figure 1. Microcomputer System Configuration
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Figure 2. Three Microprocessor Technology Flows
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pose microprocessors can be broadly
divided

categories: minicomputer-oriented, micro-

into three generally accepted

computer-oriented and new 32-bit archi-
tectures.

Minicomputer-oriented  microproces-
sors, such as the LSI-11, microNOVA and
TI9800, inherit their characteristics from
existing minicomputers, These micro-
processors are actually minicomputers on
a chip, so to speak, and were developed as
large-scale integration (LS|} versions of
existing minicomputers for the purpose
of lowering system costs,

Microcomputer-oriented microproces-
sors, such as those produced by Intel,
Zilog and Motorola, all inherit their
characteristics and functions from past

microcomputers.

Functions/performance

The third category comprises 32-bit
microprocessors with new architectures,
as well as high-performance microproces-
sors based on reduced instruction set
computer (RISC} technology.

In

Japan, microcomputer-oriented

microprocessars, especially Intel and
Zilog microprocessors {the latter being
primarily B-bit processars}, are the most
widely employed. Figure 3 shows the
gvolution of Nippon Electric Corpora-
tien’s {(NEC} V saries of microprocessors,
which is representative of microprocessor
development in Japan. The V20 and V30
microprocessaors shown in the figure in-
corporate the conventional 8088/86 in-
struction set, and feature software re-
source succession. In addition, they alse

feature bit processing instructions, bit

1980

1986 199C¢

Figure 3. NEC’s V Series
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field operation instructions and decimal
arithmetic instructions. |n other words,
architecture-wise the V20 and V30 microe-
processors are compatible extensions of
8-bit microprocessors from the Zilog
family. They are also equipped with an
8080 emulation mode to enable software
resource succession from the 8-bit genera-
tion.

In 1986, NEC developed the V40 and
VB0 microprocessors with built-in peri-
pheral functions, and commercialized the
VB0, its first 32-bit microprocessor in the
V series. The V70 was developed the
following year in 1987, The V60 and
V70 32-bit microprocessors support both
UNIX {System V) and ITRON. ITRCN
{industrial TRON), which goes by the
product name of AXG16, is an external
specification of The Real-time Operating
system Nucleus (TRON) developed as a
part of the TRON Project headed by
Assistant Professor Ken Sakamura of
Takyo University. A number of products
have already been turned out based on
ITRON. These include NEC's RX116
{1984) employing the V20 and V30
microprocessors; Hitachi Limited’s
H168K (1986} based on that company’s
68000 micraprocessor; and  Fujitsu
Limited’s REALOS/286 (1986}, which
uses the B02B6 microprocessor. NEC
is striving to develop a 10-MIPS V80
microprocessor based on the 32-bit bus
V70.

SPECIFIC MICROCOMPUTER
APPLICATIONS AND PRODUCTS

Figure 4 provides some specific ex-
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amples of how microcomputers are being

used. As the figure indicates, microecom-
puters are being applied to an extremely
wide range of different fields. In fact, it
probably would not be overstating a fact
if we said that microcomputers are being
put to use in thousands of different appli-
cations.

The examples given in Figure 4 are
fairly specific, and include applications
in consumer products and household
appliances {these involve mostly 4- and
8-hit microcomputer systems); measuring,
testing and monitoring egquipment; in-
dustrial and control equipment; data pro-
cessing devices; business and commercial
equipment; data communications equip-
ment: and traffic, transportation and
other equipment and machines. Micro-
computer systems are also being put to
use in research and military applications
as well.

In future, the fusion of microcom-
puter applications and telecommunica-
tions technologies can be expected to
produce a variety of new systems for
use in all sorts of different fields.

MICROCOMPUTER APPLICATION
TRENDS

The current trend in microcomputer
applications in Japan is away from micro-
computer systems comprised of single
microprocessors and toward multiprocess-
ing systems consisting of several micro-
processors working together. There are
a number of reasons for this. These
include the rapidly rising costs of soft-
ware development and the spread of ap-
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1. Automaobiles | Automotive computers
2. Househald TV's, microwave avens, tape recarders, washing machines, gas appliances,
applignces timers, heme automation computers, hama compulers, audio equipment,
digital clocks, ¥ TRs and DATS. CTonsurner
3. Caleulators High levai calculators Goods/Home
4. Toys TV games, Othello games \Qupliannes
5. Educational Educational aguipmant, CAl, siectranic ladgers
instruments
8. Others Smm movie carneras, ticket vending machines, state-ofthe-art cameras
1. Measuring Image analyzer, dimension and shape measuring instruments, capacitance
instruments bridge, taser doppler current meter, meteoratogicat data recording davices.
multi-point Temperatura recording davicaes, digita! intagrators, coordinate
analysis systems, proten accelerator monitaring systems, light wave inter-
vention measurement device, laser wave length rectifier, self-registaring
spectra-photometser, automatic fluid measuring davice and engine
monirars
2. Analyzprs Biood analysis data processor, chemical reaction tast measuring and
control devicas, vibration analyzers, infrared spectrum analy2ers, neise
analysis systerns, petroleum gas analysis devices and gas chromatagraphy
instruments,
3. Tast and Logic card seii-tasting machines, clock companent inspection system,
tnspaction algetronic circuit inspection system, electronic circuit wester, pneumatic
Equipment motor test system, transistor measuring sysfem, generator test system, Maasuring,
IC mask flaw inspection device, memory testar, gas equipmeant function Testing and
inspaction devica, automatic inspection systems and astomatic I Monitoring
semiconductor inspection eguipment,
4, Monitars Sleep monitoring sy stems, warning monitor systems, disaster preven-
tion monitoring systems, gas detaction systams, dem dala togger,
radistion menitoring equipment, train schedule recording devices,
power company remote monitoring equipment, production monitor-
ing systems, alectronic furnace munitoring devices, signal manitering
davices and water and sawage monitoring equipment.
€. Electronic Artificial kidnay systems, physical strength diagnastic systems, madical
Medical analysis equipment, X-ray equipment, automslic lung exeminetion
Equipment equipment, X-ray analysis equipment end medicsl treatment systems.
6. Others Frotactive relays, magmetic bubble memary controllers, microcamputer
hardware monitors, sutomatic driving devices and slactromagnetic
wave polarizers.
1, Praduction Nurmaric contrellars, programmeble machining center welding
Machinary and | equipment, assembly machines, automatic programming equipment
Equipment far production machinery and avromated maching tools,
2. Machina Automatic insertien equigrment, coin insertion equipment, pachinka
Controllars controllers, sequence-controd led automalic measuring and peckaging
aquipment, automatic assortment and conveyance systems, automatic
packaging controllers, application controllers, clock production aguip-
ment, agricultural equipment, robots, air conditioner controllers, wire
bonders, photogrephic equipment, crane controllers, PDC, industrial
sewing machine conveyance devices and painting equipment. Industry and
3. Process Process controllers, ingredient mixing systemns, chemical plant control- Control
Control lgrs, fiitering pond controllers, smeltering furnaca contrallars, electiic
furnace heat processors, bydroponic cultivation equipment, gas flow
controlters, PID vontrollers and power plant control systems.
4. Dataloggors Dataloggers, high-speed multi-channel digital recorders, power data-
loggars, multi-channel data multiplexers end test data managament
davices.
S. Preduetion Oparation monitors, production management equipment,
Management voucher progessing equipment and process automartion equipment,
Equipment
6. Others Emergency power systems, industrial refrigaration equipment and

agricultural machingry controlters

Specific Microcomputer Applications and Application Fields
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ment, multi-microprocessors, microcompliter develapment systems far
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Figure 4. Specific Microcomputer Applications and Application Fields (partially revised JEIDA infarmation)




plication specific 1C (ASIC) technologies,
plus the need to meet demand for dis-
tributed processing and utilization as a
means of enhancing performance and
reliability.

To date, microcomputers have devel-
oped along the following lines:

1

smalier, less expensive to produce;

2) higher speed (higher operating fre-
quencies and high speed memory
elements);

3) higher performance {more powerful
peripheral LSls and the progression
from 8- to 18- to 32-bit CPUs);

4) lower consumption (CMOS tech-
nology); and

B) multiprocessing capabilities (multi-

processors, ASIC technology and net-
waorking}.

It can not be denied that microproces-
sors first made their debut in the form of
hand-held calculators. However, in just
a little over ten vyears microprocessors
have changed radically, growing inta com-
puters in their own right. The impact
these devices have had on the world at
large has not been limited to the realm
of technolegy alone — it has created a
wave of new applications in almost all
fields.

increasingly strong demands for compati-

This has given rise recently to

bility and standardization in the realms of
The trends
apparent in the TRON project are good
examples of this.

both hardware and software.

Some representative examples of how

microcomputers are being applied in
Japan include high-performance laptop
personal computers {PCs); TRON ma-

chines; personal teleworkstations; LINKS-

23

Photo 1. BTRON Prototype Machine

Built by Matsushita
Electric Industries Co., Ltd.

I/1l; and the Dialog System,

A good example of a Japanese-made
high-performance laptop PC is Toshiba
Corporation’'s T6100. This machine em-
ploys the 80386 microprocessar.

Photo 1
machine produced by Matsushita Electric
Industries Co., Ltd. This is a BTRON
{business TRON} PC based on the B0286
This machine

shows a prototype TRON

microprocessor. is ex-
pected to form the basis for educational
PCs built to specifications set forth by
the Center for Educational Computing
(CEC).

Microcomputers are also finding appli-
cation in system-oriented personal tele-
workstations like the Mighty Mate/
if COM7E shown in Photo 2. This device
combines 16-bit {MSM80CB6) PC func-
tions with word processing, data com-
munications and multi-purpose telephone

functions, and packs all this into a com-
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Photo 2. System-oriented Teleworkstation
Mighty Mate/ifCOMZE

pact body together with a variety of
expandable | /O functions for superb man-
Mighty
Mate is the name given this machine by

machine interface capabilities.

Nippon Telegraph and Telephone Corpo-

)

Joystick

De

Terminal

s

Digitizer

Parallel
transmission

Serial
transmission

RC
v

Zilog Systemn 8000 MSU

AS
AS 1 Animation System
BS : Bus Switch CRT
DC . Data Collector
DM : Data Manipulator
FMS : Frame Memory System
IMSU : Internal Memary Switching Unit
NC : Node Computer
RC : Route Computer

ration (NTT), and ifCOM7E is the prod-
uct name given it by the original manu-
facturer, Oki Electric Industries Co., Ltd.

LINKS-1 is a I'arge-scale multiprocessor
system developed by Osaka University
and recently commercialized for use as
a three-dimensional video generator. As
shown in Figure b, the LINKS-| consists
of 65 node controllers {NCs). The route
computer (RC) simultaneously transmits
data required for diagram generation to
all NCs via the bus switch {BS). The RC
employs a centralized control system that
provides the NCs with one scanning spot
at a time for processing. Only when pro-
cessing of one scanning spot is complete
does the RC provide the NCs with the
next scanning spot. LINKS-1 is currently

IMSU x 65 NCx 65
| (e
V| &
t
s HI=
- ¥, :
@ = NC2
: . VTR
e QO
v 7
re—o-
. [ ] — _NC8
BS ! FMS
]
¥,
Serial:_ . @
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r——=--- A

Figure 5. LINKS-I Developed by Osaka University
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under development.

The Dialog System, WhICh is presently
under development by the Electrotech-
nica! Laboratory, is a multiple instruction
multiple data (MIMD) system designed to
increase the transmission speed of a
shared bus using spatial optical propaga-
tion. As shown in Figure 6, the Dialog
system makes use of properties that
determine the radius of a cylindrical
mirror, the range of existence of a trans-
ceiver device (a} and the angle of radia-
tion {¢) so that the locus can be fixed to
allow the light reflected from the cylin-
drical mirror to spread just to the space
between b and c.

Cylindrical
mirror

\

"V‘ ‘ ‘v. 0 " ""V"‘.’.‘v

MICROCOMPUTER APPLICATION
SYSTEM ARCHITECTURES

Microcomputer systems are coming of
age, and with the rapid progress being
made in microprocessor technology,
should reach the mature phase in their
development befere much longer, Micro-
computer system architectures are also
growing more sophisticated, and note-
worthy new technologies and knowhow
are being accumulated in vast amounts.
For instance, new micrgcomputer system
architectures will probably all incorporate
basic technological elements comprised of

next generation technical knowhow,

Processor

Figure 6. DIALOG System Under Development by the Electrotechnical Laboratory
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Easy-to-use Architectures

Among the new architectures for
microcomputer systems will be easy-to-
use architectures. These will include
architectures oriented toward new pro-
gramming languages like Ada, as well as
new computing models. Easy-to-use
architectures will also include high-level

architectures.
High-performance Architectures

There will also be high-performance
architectures that go beyond anything
capable under the old von Neumann
machine concept. Some architectures
that might fall under this category are
parallel processing architectures, modular

architectures and flexible architectures.

New Application-oriented Architec-
tures

PCs and other widely used advanced

architectures, plus the artificial intel-
ligence-type architectures that are now
coming mare and more into the spotlight
are steadily carving out places for them-
selves as new applications-oriented archi-
tectures. These architectures will become
the driving forces behind future office,

factory and home automation schemes.
High-Reliability Architectures

High-reliability architectures  will re-
quire new technologies, Among these
will be redundancy structured architec-

tures, protection mechanism architec-
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tures, auto-diagnostic architectures, fail-
soft architectures and fuzzy architectures.

Network Architectures

Network architectures will consist of
multiprocessor system architectures and
LAN architectures among others.

By making the most of the new archi-
tectures cited above, microcomputer
application fields in Japan will continue
to grow and expand, enabling this
country to deal with a wide variety of
advanced problems using numerous and

diverse micrccomputer-based systems.

CONCLUSION

Today, microcomputers can no langer
be viewed simply as device technologies,
but rather must be looked at as a form of
Thirty-two-bit
are being readied for

computer technolagy.
MiCroprocessers
commercialization, and the architectures
used in the construction of these devices
are comparable to those found in large-
scale computers.

Rapid advances in integration tech-
nologies are expected to continue for
some time to come. And as they do, ever
larger scale integration and faster operat-
ing speeds will bring us closer to realizing
microcomputer systerns capable of tens
of MIPS, speeds heretofore only possible
with mainframe computers.

We can also expect to see the advent
of new types of microcomputer systems,
such as those which employ multiproces-
sor chips that combine a number of
microprocessors on a single chip, and




ASIC-based user-designed microcomputer
systems on a chip.

A lot of work is being put into the
development of dedicated processors for
use in Al, image processing, signal pro-
cessing and LANs as well,

Microprocessor technology is merging
with eommunications and multi-media
technologies, a factor which will further
advance the level of microcomputer sys
tem applications technologies in Japan,
Microcomputer systems are expected to
play a central role in fulfilling a variety

of information processing needs in future.
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EDUCATION CURRICULUM
FOR MICROCOMPUTER ENGINEERS

MICROCOMPUTER APPLICATIONS

AND ENGINEERS

Overview

The

nology was recognized early on in Japan,

importance of computer tech-

and the world of industry was the first to
sgt about devising measures to deal with
this technology and the software so vital
to its operation. However, new problems
and issues kept cropping up and before
we could really get a handle on it, com-
puter technology had already become an
essential part of our society. But our
past experiences in this field will enable
us to select the most appropriate new
computer technofogies to introduce into
industry and society in future.

Radical advances were made in semi-
conductor technology starting in the
1970's.

high-performance, low-cost devices as a

The subsequent appearance of

result of these advances prompted the
rapid spread of microelectronies through-
out industry, forcing industry to once
again try to come to grips with a com-
puter-related technology.

The goal then is to seek applications
for microelectronics that allow the hard-
ware and software aspects of this tech-
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nology to mutually complement and
unite with one another,

Spread Of Microcomputer Systems

Today, microelectronics technology is
finding applications in a wide range of
different fields,

devices are being incorporated into large

and microelectronics
numbers of products, Applications for
microcomputer systems are steadily grow-
ing, both guantitatively as well as qualita-
tively.

Cost effectiveness

As the term mechatronics implies,
electronics technologies are rapidly re-
placing conventional technologies, and
products incorporating micracomputers
are fast becoming the norm. This is re-
sulting in cansiderable cost effectiveness
in product manufacturing processes. This
goes for development costs as well as
product costs, cost effectiveness being
achieved in the materials and number
of processes required to manufacture a
product. In other words, microcomputer
technology has become a requisite for

companies striving to remain competitive.




Improved product performance

Microcomputer technology makes it
relatively easy to realize high level func-
tions (computing, control, classification
and inguiry functions) that were difficult
to achieve in the past. This is stimulating
the spread of “intelligent” products into
a wide range of applications and fields.
For companies, microcomputer tech-
nology has become an essential factor in

achieving value added,
System optimization

Office automation (OA} and factory
automation (FA) represent the direction
of computerization in the world of
industry, and wnderlying these move-
ments is the demand for total system per-
formance. This trend is quite evident

even at the individual product level,
where products are being sought mare
and more as systern components.
Functions suitable for use in dis-
tributed processing and network inter-
meshing are being sought, and micro-
computer systems are essential to achiev-

ing these functions.

Enhanced quality

Microcomputers enable {arger scale
integraﬁ'on and thus allow the number of
component parts used to manufacture a
product to be drastically reduced. This
in turn enhances product reliability and
improves guality. Microcomputers also
facilitate the use of a variety of diagnostic
tools, thereby enhancing efficiency by

29

shortening the time it takes to locate and

repair malfunctions,

The Role Of Microcomputer Sys-
tems Engineers

The above cited spread of microcom-
puters is creating the following roles for
microcomputer systems technology and
the engineers that specialize in this tech-
nology.

Product planning

Product planning requires timely deci-
sions concerning market demand levels
and the suitabiiity of product planning
schemes vis-a-vis those markets.

In making these decisions, provisions
must be made for product competiveness
as well, i.e. product planning has to take
costs, functions, performance and quality
into consideration. It is also necessary to
formulate clear policies regarding product
assessments/evaluations prior to market-
ing and post-marketing development

waork (See Figure 1).

These kinds of decisions and plans
require considerable and varied inputs of
knowledge from a wide range of technical
fields, and especially from the field of
microetectronics.  First-class microcom-

puter systems engineers are therefore
indispensable to the product planning

process.
Product development
reaches the

Once a product plan

development stage, work is generally
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Plan

Analyze the plan

Format the results of
the analysis

Confirm the
of your formatting

accurateness

Prepare the text

Desired
goal

Revise the ambiguous
portions of the plan

Revise the ambiguous
portions of the analysis

Figure 1, Defining Requirements

carried out by a project team comprising
a project leader, who is charged with
overall coordination of the project, and
a number of designers from different
fields,

The precject leader oversees the design
of the total system, which includes both
hardware and software, and does so keep-
ing the various trade offs between these
twa fields in mind.

The designers generally work either in
hardware or software. No matter which
field they are assigned to, they must bring
with them specialized knowledge of their
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own chosen fields, plus skills and know-

how in either hardware or software

development. In some cases, dasigners
are asked to undertake both hardware
and software design at the same time.

As microcomputer-equipped products
continue to increase and spread, micro-
computer hardware is evolving and chang-
ing, resulting in new, original hardware
configurations. And since it is software
that controls this increasingly specialized
hardware, the two technologies are be-
coming more inseparable all the time,

Individual systems designers are thus




being required to work in both realms
simultaneously,

Production design

People in charge of setting up produc-
tion processes {installing production lines,
putting together operation manuals and
providing employees with education and
training in the performance of those
processes) and/or promoting their im-
provement, enhancement and value
analysis do not necessarily do so in a
uniform manner. In many cases, there-
fore, the skills and knowhow of systems
engineers are needed at important steps in
coordination and inspection processes in

particular.

Quality assurance and service

A wide
related skills and knowhow are also re-

range of microcomputer-

quired in the areas of guality assurance

and afterservice for microcomputer-

equipped products. In addition to es-

tablishing the kind of system mentioned

above (manuals and training), micro-
computer systems engineers are also
needed to troubleshoot the various mal-
functions that can occur in these
products,

Figure 2 shows the process used to
develop microcomputer systems. This

flowchart also serves to illusirate the

“flow"” of responsibilities shouldered by

microcomputer systems engineers.

3

Training Microcomputer Systems
Enginears

As pointed out above, the role of the

microcomputer systems engineer s

becoming increasingly in a
of different fields.

Nevertheless, the training programs cur-

important

growing number

rently in place for microcomputer sys-
tems engineers are still not satisfactory.

The current state of in-house educa-
tion and training programs aimed at
microcomputer in

systems El‘lgil‘lEEFS

Japan, as well as some of the more
blatant problems that must be dealt
with in this regard, can be summarized

as follows:

1} Microcomputer systems engineers are
not limited to working in the tech-
nical departments of companies alone,
but rather must be assigned to a
number of different departments and
sections, to include the business and

This

situation is giving rise to a real short-

manufacturing departments.

age of qualified personnel to fill these
positions;

2} As a rule, companies divide micro-
computer systems development into
two separate operations, one for

hardware and another for software.

It

However, is now rather widely

recognized that merging the two
realms of hardware and software devel-
single operation

opment into a

produces the best results. Neverthe-
less, those firms that have taken steps
their

have vyet to proceed

to reorganize operations 1o

achieve this
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beyond the trial-and-error stage;

3) Historically speaking, microcomputer
technology is quite new. At the same
time, however, it has undergone

tremendous changes in its brief ex-

istence, For these reasons, existing
hierarchical structures are no longer
adeguate to the task, and new hierar-
chical structures are needed;

4} Microcomputer systems devetopment
sections often need to contact and
cooperate with other divisions and
sections within the same company,
as well as with outside organizations,
However, the means for coordinating
these contacts and supporting systems
engineers are still far from adequate;
and

5} There

systemn for recognizing and evaluat-

is still no firmly established

ing the qualifications of microcom-
puter systems engineers, which in turn

makes it difficult to set up educational
and training goals and targets, and to
devise effective plans for facilitating
education/training programé;. This also
accounts to some degree for why so
many companies are having such a
hard time finding the qualified micro-
computer systems engineers they so
sorely need.

In 1987, the Japan Information Pro-
cessing Development Center (JIPDEC)
conducted a survey aimed at determining
how well the supply of microcomputer-
related engineers was meeting the demand
for said at Japanese companies. The
results of that survey are presented in
Figure 3.

Figure 4 provides information on the
types of work in which these same micro-
computer-related engineers were actually

engaged.
% Shortage B Sufficiency
[J Rather few  # No response

Almost sufficient

1

Hardware specialists

wRh,

J

Software specialists 4%///////////I_

Systems engineers

0 10 20

30
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Figure 3. Supply of Microcomputer-related Personnel by
Technological Specialization
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Design/development/
production engineers

Maintenance/service
engineers

Sales engineers
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Figure 4. Ratio of Personnel Possessing Required
Microcomputer-related Knowledge

Both sets of data indicate that the
shortage of microcomputer engineers at
Japanese firms is a serious problem. What
this information does not indicate is the
fact that the situation is becoming
chronic. In order for Japanese companies
to deal smoothly with the phepomenon
of expanding microcomputer applications
combined with ever more sophisticated

technology, they are going to have to

solve their personnel problems, and fast, .

When it comes to in-house training
programs for microcomputer engineers,
most companies are relying on OJT
schemes. However, in order to satisfy
the need for more, higher quality engi-
neers, these OJT schemes are going to
have to be supplemented with systematic

learning and/or complete education pro-
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These
systematic education programs will have

grams in the very near future.

to focus on in-house education and train-
ing schemes for the most part, and, with
the exception of the major manufac-
turers, this means there are bound to be
big gaps between what is ideal and what
is possible from a practical standpoint.
At present, the majority of Japanese
firms have no recaurse but to keep
if this

in the near

relying quite heavily on OJT.
situation isn’t overcome
future, then we can expect the dearth
of qualified microcomputer engineers to
continue to warsen.

What

effectively manage the education and

is urgently needed now to

training of microcomputer engineers are
some appropriate goals for these engi-

]




neers to aim for, plus a system for objec-
tively evaluating their qualifications and
abilities,

STANDARD EDUCATION CUR-
RICULUM FOR MICROCOMPUT-
ER SYSTEMS ENGINEERS

As should be evident from the previ-
ous sections, Japan is sorely in need of
a policy for educating its microcomputer-
JIPDEC is therefore
working to come up with a standard cur-

related engineers.

riculum for use in the education of micro-
computer systems engineers. The con-
cepts and contents of such a curriculum

are set forth below,
Overall Curriculum Organization

Microcomputer  systems  engineers
belong to a rather different world than
The

difference between these two groups of

information processing engineers.

engineers lies in the greater degree to
which microcomputer systems engineers
get involved in hardware-related develop-
ment. More specifically, microcomputer
systems engineers are concerned primari-
ly with making the most of both hard-
ware and software to develop systems
that closely approach the goals they
have in mind. This means that before
an education program for microcomputer
systems engineers can be developed, the
various levels of skills and knowhow
required by these engineers must first
be established. Table 1 shows the three

levels of skills and knowhow determined

necessary for

microcomputer systems
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engineers. Based on this overall image,
JIPDEC formulated specific educational
goals for each of the three levels, basic,
senior and advanced engineers, Figure 5
attempts to express these goals in system-

atic terms.

Overview Of Standard Curriculum
For Basic Engineers

HPDEC has already prepared a con-
crete curriculum for the education of
basic grade microcomputer systems engi-
neers, and is currently pushing forward
with the preparation of guidelines for the
education of these basic grade engineers
(a manual for juniar engineer instructors)
and a standard curriculum for use in the
education of senior grade engineers, JIP-
DEC intends to prepare a curriculum for
advanced grade microcomputer systermns
engineers in future as well.

The standard curriculum for basic grade
engineers is basically aimed at microcom-
puter engineers with at least one year
actual working experience [(hands-on
experience with microcomputer tech-
nology), and is designed to raise the level
of skills and knowhow possessed by

individuals in this class.
Curriculum organization

f. Introductory Training

Training aimed at providing basic grade
microcomputer systems engineers with
the minimum education required con-
cerning both the hardware and software

aspects of microcomputer systems.
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Table 1. Breakdown of Microcomputer Systems Engineers by Class and Skills/knowhow Required:

Item
Hardware Skills Sofware Skills Overatl Position
Class
2. For projects, should be able 1o
1. Should technically 1) work with termula designs, assign subordinates to positians
1) be capable of working with formula designs for basic application commensurate with their abilities, and estimate davetopmen?
Advancet fields {communications or control} and determining the optimum times accurately.
Grade formulas {eost-performance-delivery period). 3. Should have worked as o senior grada sngineer for bt least two
Engingers 21 HBe able o design systems with highspeed inputfoutput, as well as {2} years, and should be abla 16 design an innavative system
real-time monitors, that is operationally sound.
3) Possess specialized knowhow in a variety af fields. T
Should be capable af detarmining the best formulas,
1) Should be capable of processing data by converting it from | 4) Should undersiend existing OSs and be able to design such | 6) Shoutd be cepable of quickly utilizing new technelogies
analog to digital, and of outputting data by converting it systems as necessary. {16/32 bit architecturas, PLA and new QSs}.
from digital to analog. 5) Should be sble 10 perform rather difficult processing wark 7) Shouid be able 1o function as a sub-leader on projects, and to
2) Should be capable of working with a warigty of standard using Intel and Molorola assembler languages; should be able agsume responsibitity for a good portian of those prajects.
Sanior in!erfacgs lshuuld_ be aldale (cib design peripharal circuits that :J(:mbo;dularm? [anr‘l: Ia.rlged::stem: using compilers; and should B) Should have between 2—3 yesrs of gxperignca 95 2 bosic
Grade meet with tha designated goals.), able ta write a detailed Howchart. grade eagineer, and/or have designed an operable system,
Engineers) 3} Should be able o des;gn (:\e CITCUI“. needzd f?’ rhed Bb:“ 10 dogsn’t raquire very high speeds.) 9) Should be tapable of viewing mi¢rocomputer systems as a
{should be knowigdgable of ana c[g cirevirg, nojsa raduction [Should be able 16 write re-antrant programs — should be whole,
meazures and power sources as weall.). capable of handling a number of targets in paraligl.)
[Should be able tc utiliza lists — should be capable of efficiant 5:o:|d.bedwpalble of designing 9 system given
retrieval and recognition.) the desired goals.
IShould be able 10 write file management programs.)
1) Should be capable of inpuiting information via o keyboard, | 5] Should possess general knowledge of development and imple- | 8) Should be capable of performing auxiliery design work, and
of performing simple processing operations, and of output mentation environments. of producing a system in accordance with a design,
ting informetion to printers, LEDs end other display devices. | gy ghp01d b capable of parforming simple pracessing oparations | 9] Should have one year of aciugt experience, or the equivalent
2) Should be familiar with the RS5-232C and Centronics inter- using either Intel or Mntarota assembilers (For insiance, of said in training (i.e. should be on the same level as a techni-
Basic faces. should be able te use |/C macros such as B10S), and of per- cal schoot graduate)
Grada 3} Should be able to use [hardwarel timers and interrupt keys 10 ::0:“"";19 falrl\:’jcomplex processing Operalcl‘unfuslvng BASIF H"]d 10) Should know technical terminology and be able to converse
Enginsers perform Intarrupt opsrations. such as code conversion, aggregate and criteria operationsl. using thos tarms
4) Should be able to read and produce diagrams for the otf-the- 7} Sheuld be capable of producing sccurste subroutines when

shelt circuits required for systems with the above functions
{including the necessary peripheral’ LS| diagrams).

provided with clear specifications {Should be able to da cod-
ing from flowcharts).

-Should be capebie of pertorming suxiliary design work,
and af producing systams in nccordante with those
designs.

*Should be capabla of using technicel tarminolagy.




Figure 5. Education System for Microcomputer Engineers

l. Hardware Training

Ti’aining aimed at arienting basic grade
engineers toward the hardware aspects
of microcomputer systems, while at the
same time drawing on pertinent software
knowhow,

i1, Software Training

Training aimed at orienting basic grade
engineers toward the software aspects of
while at the
same time drawing on pertinent hardware

microcomputer systems,

knowhow,
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Levels of technology/knowhow

. Knowhow

Basic grade engineers must have a
general knowledge of the technical terms
used in the figld. Problems corresponding
to technical terminalogy are marked with
an asterisk {*).

Il. Technology

Basic grade engineers should possess the
technical skills necessary to apply know-
ledge and rules related to formula-based
operations, circuit analysis and design and

programming to develop a microcom-

puter system that approximates the type
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of systems desired.

Curriculum-based training methods
The fundamental approach used to

train basic grade engineers in accordance

with the curriculum just outlined is as

follows:

1)

Introductory (joint hardware/soft-

ware} training is mandatory;

2) Hardware and software training are
electives; and
3) The suggested number of training

hours per vear is 180 hours (which
waorks out to an average of 60 hours

per
software, specialized hardware and

category, i.e. joint hardware/

specialized software}.

Contents Of Standard Curriculum
For Basic Grade Engineers

This section presents a detailed des-
cription of the centents of the standard
basic curriculum by

grade engineer

category,

l. Introduction (Basic Skills and

Concepts)
Educational Objectives

This part of the curriculum is designed
to provide basic grade engineers with an
understanding of microcomputer system
configurations and operations, and the
knowledge necessary to develop such sys-
tems. This category serves as a general
introduction to the rest of the cur-

riculum,
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Curriculum Outline

Contents Hours

Part 1. Fundamentals
1. Numeric systems
2. Coding systems
3. Logic circuits
4, Sequential ¢ircuit operations

20 hours

Part 2. Systems
1. Basic description of micro-
computer systems
2. Microcomputer system design
and development
3. Communications techniques

8 hours

Part 3. Hardware

1. Microcomputer structures and

functions

2. Peripheral devices

3. IO interface functions
Electronic and mechanical
components
5. Microcomputer systems
6. Hardware development/main-

tenance

bl

16 hours

Part 4. Software
1. Role of software
2. Program representation
technigues
3. Programming languages
4. Interrupt processing

16 hours

Total 60 hours

Part 1. Fundamentals
Objectives

The objectives of this part of the cur-
riculum are to provide basic grade engi-
neers with an overall understanding of
microcomputer systems, and to teach
them the basic mathematical and logic
circuit knowhow necessary to work with
these systems.




Section 1, Numeric Systems
Objectives

To provide basic grade engineers with
an understanding of the numeric systems
used to represent data and machine
language in microcomputer systems,
Special emphasis is placed on the concept
of complements and how they are used,

as well as on floating point operations.
Contents

1.1 Number representation
r numbers (binary, octal, decimal and
hexidecimal numbers), bit, nibble,
byte
1.2 r numbers and operation methods
Four rules of mathematics {additian,
subtraction, multiplication and divi-
sion).
1.3 Complements
r complements
One’s complement, two’s complement
1.4 Code utilization
Unsigned binary
Signed binary
Overflow
1.5 Other number representations and
operations
Binary coded decimal {(BCD)
Pack formats
Various representation format opera-
tions
1.6 Floating points
Radix
Normalization
Floating point numbers and operations
Overflow and underflow

39

Errors and approximations

Il. Hardware

Educational Objectives

This part of the curriculum is designed
to teach basic grade engineers about
fundamental hardware theories and cir-
cuits, and to provide them with an under-
standing of microcomputer system devel-

Curriculum Qutline

Contents Hours

Part 1. Basic Circuits and Their

Applications

1. Electric circuits and
magnetism

. Electronic circuits

Op amp

Power circuits

Logic circuits

15 hours

Ao

o

Part 2. Microprocessors and
peripherals

Overview of microprocessors

Micreprocessor configurations

and operations

Memory

IfC interfaces

Feripheral devices

Communications technology

b=

40 hours

® oW

Part 3. Interfaces

1. Interfaces

2. A-D/D-A converters
3. Sensors

4. Actuators

15 hours

Part 4, Development Procedures
and Tools
1. System development and
design procedures
2. System development suppaort
tools
3. Electronic instrumentation

10 hours

Part 5. Components and Packaging
1. Electronic components
2. Display devices
3. Packaging technology

10 hours

Total Hours 90 hours
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opment, design, production and inspec-
tion, evaluation testing and maintenance,
as these relate to the software aspects
of such systems,
An additional 30 hours

training and exercises are required.

of practical

Part 1. Basic Circuits and Their Ap-
plications

Objectives

This part of the curriculum is designed
to provide basic grade engineers with an
understanding of the fundamental circuits
that comprise microcomputer systems,
and their respective functions.

Section 1. Electric Circuits and
Magnetism

Objectives

This
designed to familiarize basic grade engi-

section of the curriculum is

neers with the fundamenta! rules and
theories related to electricity, electric
circuits and magnetism, and to teach
them how to use actual circuits.

Contents

1.1 Direct current circuits

1) Resistors linked in series and in
parallel

2} Laws governing ohms

3} Kirchhoff's law

4} Power calculations
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*1.2 Ahernating current circuits
1} AC expressions

2} Resistance circuits

3) Inductance circuits

4) Capacitor circuits

5) Serial resonance

*1.3 Magnetism

1} Magnetic induction

2) Current
{Percival's law]}

induced magnetic fields
3)  Fleming’s law

4) Lentz’ law

5) Magnetic screens

1. Software
Educational Objectives

This part of the curriculum is designed
to provide basic grade engineers with basic
knowledge regarding software by teaching
them about the role of software as it
relates to hardware, software develop-
ment  techniques,

operating systems,

Curriculum Contents

Contents Hours

Part 1. Programming
1, Role of software
2. Programming languages
3. Basic programming
4. Structured programming and
program writing rules

30 hours

Part 2. Operating Systems
1. Operating systems

10 hours
2. Language pracessars

Part 3. Software Applications
1. Software development
procedures
2. Applied programming

20 hours

Total hours 80 hours




programming languages and language pro-
cessors, It is also designed to provide
basic grade engineers with solid program-
ming skills in the areas of basic, applied
and structured programming and program
writing rules.

An

exercises and training are required.

additional B0 hours of practical

Part 1. Programming
Objectives

This part of the curriculum is designed
to provide basic grade engineers with an
understanding of the role of software, plus
programming languages and techniques.
It is also designed to familiarize them
with programs and data structures, and
to teach them programming technigques
that will ailow them to prepare easy-to-

read programs.

a

Section 1. Role of Software

Objectives

This section is designed ta teach basic
grade engineers about the role of software
in microcomputer systems development,
especially the many software problems
related to hardware.

Contents

*1.1 Software can best be described by:

1) Defining the term software

2} Explaining the special characteristics
of software vis-a-vis hardware
3} Relating the problems encountered
on the borderline between hardware
and software
*1.2 The role of software in system
gontrol is:
1) Pl control
2} Sequential control
3) OCthers
*1.3 The role of software in data proces-
sing is:
1} Sampling
2} Filtering
3} Physical data and its structure .
4) Others
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Examination for Microcomputer-
based Systems Engineers

THE MICROCOMPUTER ENGI-
NEER EXAMINATION

Background

The trend in
higher performance,

recent years toward
lower cost micro-
computers has resulted in their becoming
vastly popular in just a very short time,
The world of industry has quite natural-
ly taken advantage of this phenomenon
to introduce this technology intc our
daily lifestyles. Al we have to do is look
around us and the truth of this statement
becomes obvious, Microcomputers are
used in all sorts of electric household
appliances, as well as in automobiles,
telephones, cameras, sewing machines and
even toys. The widespread use of micro-
computers is contributing greatly toward
improving the way we live,

However, despite the ubiguitous na-
ture of microcomputers, we seldom get
to see these devices themselves since they
make up the core around which products
incorporating them are built,

Microcomputers are really just small
semiconducter devices, but they are fast
becoming indispensable to society. In
future, ever higher performance micro-
computers are expected to be incorpo-
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rated in an increasingly larger and more
diverse array of products, These devices
could well give birth to products the likes
of which we have never even dreamed of
before. Come to think of it, they already
have.

The rapid spread of microcomputers
and microcomputer applications requires
increasingly larger numbers of microcom-
puter systems engineers, and these engi-
neers have to possess increasingly higher
levels of skills and knowhow to keep
pace with the advance of microcomputer
systems and applications technolagies,
However, we are currently faced with
a dire shortage of microcomputer engi-
neers, in the corporate realm as well as
other fields.

Educationa! institutes and corpara-
tions have recently begun to recognize
the seriousness of the problem, and have
started concentrating on the education
and training of microcomputer engineers.
However, since there is no standard cur-
riculum in Japan for teaching the basic
skills and knowhow required of micro-
computer engineers, they are running
into @ number of snags in this regard.
For this reason, most corporations have
had to rely on relatively ineffective OJT
(on-the-job training) schemes to train




their microcomputer specialists.

Introduction of an Examination
System

As is evident from the above, the
education and training of microcomputer-
related engineers is an urgent issue in
Japan. According to the results of a
survey conducted by the Japan Informa-
tion Processing Development Center
{JIPDEC]) in 1987, the amount of money
and time spent on the training of micro-
computer specialists and engineers in
Japan considerably exceeds that for engi-
neers from other fields (See Figure 1).
Despite this, however, things are not
going as well as people would like them
to. To help alleviate the situation, JIP-
DEC developed a standard curriculum
for educating microcomputer systems
engineers, and has come up with a concise
education policy. This, combined with
the introduction in 1985 of an examina-
tion system for microcomputer systems
engineers, has helped point the way and

Education Expenses

given impetus to the education of these
engineers here.

EXAMINATION MAKE-UP AND
CONTENTS

Composition of Examination

The Examination for Microcomputer-
based Systems Engineers is divided into
three levels: basic grade, senior grade and
advanced grade. Each lavel of the exami-
nation assumes that the testees already
possess certain skills and knowledge. For
instance, the exam for basic grade engi-
neers is designed for individuals who
already have enough basic knowledge to
benifit from QJT (a basic understanding
of microcomputers and their applications
systems.}.

The
at individuals capable of working on their

senior grade exam is aimed
own as microcomputer engineers (Peaple
with a sclid grounding in microcomputer
hardware, software and related tech-

nologies, who possess specialized know-

7 Greater = Smaller

Mo difference 5% No response

A s,

]
R

Education Time

0 10 20 30

40 50 70 B8O ac 100

Figure 1. Time and Expense Devoted to Education — A Comparison and Contrast
of Engineers Working in Microcomputer-related Jobs and Those Working

in Other Fields

Japan Computer Quarterly



ledge and skills in the design and develop-
ment of ane or more of these areas, and
who, when provided with the necessary
specifications, are capable of constructing
microcomputer systems,},

The advanced portien of the examina-
tion is for engineers with specialized
technical knowledge and skills in the
areas of micrecomputer hardware and
software design and development, plus
the additional management skills and
knowhow to function as project leaders
(Engineers with the same technical skifls

has prepared them for the development
of high-level microcomputer systems and
the management of project teams put
together to carry out such project.).

The Examination for Microcomputer-
based Systems Engineers was first given in
1985, and for the first two years (1985—
86) consisted of only the basic grade por-
tion of the test. |n 1987, a senior grade
exam was also included, and preparations
are being made now to offer an advanced
grade exam in the near future. The scope
of the problems posed in the basic and

| as senior grade engineers, but with senior grade exams are presented in

§ long years of practical experience which Tables 1 and 2.

Table 1. Scope of Problems Presented in the Basic Grade Exam

The microcomputer system used during the exam is a fundamenial systems with a simple
input/output device and one leve! interrupt capabilities, The micropracessor for this system
is one of three types of general-purpose 8-bit devices, Intel's 8085, Zilog's Z80 or Motorola’s
6800, anyone of which can be selected as necessary,

o System Development Process

Examinees are tested on their understanding of general system development processes and
the specialized terminology used in said. They are also tested on their knowledge of the
names and uses af required development tools, such as editors, debuggers and emulators.

© Support Software and Languages
Examinees are tested on their understanding of software development devices, operating
systems, canversion programs and programming languages.

a Software Development

Examinees are tested on their ability te produce a module based on designs provided. They
can choase from among the Z80, 8085 or 6800 microprocessors, and their respective com-
mand sets and programming techniques.

Scope of Software-related Problems

Examinees are evaluated as to their knowledge and ability to comprehend substrate-level
designs using Intel, Zilog and Motorola general-purpose B-bit microcomputers. They are
tested in particular on their ability to construct simple logic diagrams used in designing
microcomputer systems.

© System Hardware and Components

Examinees are tested on their knowledge of and ability to comprehend manufacturer
specifications for passive components {resistors, condensors), active components {diodes,
transistors), TTL and CMOS. Their basic knowledge of microprocessors, memory and
other LS5, system power sources and grounds, and 1/O devices and substrates is also tested.

o System Circuit Design

Examinees are tested on their understanding of basic pulse circuits and the operation of
logic circuits, and on the degree to which they are capabie of constructing simple logic
diagrams. Their basic knowledge of microcomputer system construction and the meaning
and operation of interfaces is also tested,

o System Packaging Technology, Installation Environmants and Instrumentation
Examinees are tested on their fundamental knowledge of the effects of heat and noise on
microcomputer system installation, as well as their understanding of the fundamental
handling procedures for microcomputar system instrumentation,

Scope of Hardware-related Problems
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Table 2. Scope of Problems Presented in the Senior Grade Exam

The senior grade examination is designed to test examinees' abilities to develop standard micro-
computer systems hardware and software in accordance with set specifications. Examinees are
also tested on their knowledge and ability to understand and analyze the various technolcgies
related to microcomputer systems and their development.

Senior grade are also tested on their ability to make full use of general-purpose B-bit micro-
processors {B086, Z80 and 6800), as well as their understanding of the characteristics and con-
cepts behind general-purpose 16-bit microprocessors, such as the 8086 and 68000.

& Microcomputer Basics
Electronic circuits, multiple interrupt and stack aperations.

& Microprocessors
Details of general-purpose 8-bit processors {Selection of the 8085, Z80 and/or 6800 as neces-
sary.).
Characteristics and concepts of general-purpose 16-bit processors {Selection of the 8086 or
G8000 as necessary).

& Memory
Comparison of different types of memory, drive circuits, etc.

& /O davices
Detailed questions concerning peripheral devices (Displays, FDDs) and 1/O devices {sensors,
actuatars).

® Interface Circuits
Various interface circuits, representative interface chips and system buses,

»|/O Control
Small- and medium-scale system |/C control {Reading of circuit diagrams for small- and medium-
scale systems comprised of a number of printed circuit boards, and ability 10 write programs
with system functions in mind.}.

» High-level Programming Languages
Programming in C and/or Pascal (Selection of languages as necessary} and structured program-
ming.

= Operating Systems
General descriptions of aperating systems and real-time monitoring programs.

» Systern Davelopment and Evaluation

System development procedures, environments and tools, reliability, testing, maintenance and
system evaluation,

¢ Neworks
Networking, network contral and computer-ta-computer communication,

» Packaging Technology
Fundamental packaging technologies.

@ Others
Power sources, grounds and heat designs.

Contents Of Examination accomplishing anything.
As far as the general examination sys-
Generally speaking, when taking ex- tem in Japan is concerned, this trend
aminations in Japan, we are often tested simply can’t be helped in many cases.
on matters that are not directly related However, when it comes to certifying the
to the subject at hand. [t is something actual skills and knowhow possessed by
like being made to perform a number of engineers, this practice is totally unac-
unrelated tasks while striving to get your ceptable.
real work done — you wind up expending For this reason, the Examination for
a lot of time and effort without really Microcomputer-based Systems Engineers
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is designed first and foremost as a means
of testing the microcomputer-related
skills and knowhow possessed by ex-
aminees, Cuesticns and problems com-
mensurate with each of the three skill
levels tested (basic, senior and advanced)
make up the brunt of the examination
contents. In other words, engineers
actually working in the field of micro-
computer systems development do not
have 1o spend a lot of time studying for
the test in order to pass it. This doesn't
mean they do not have to study for the
test at all, it simply means that the time
required in outside study is considerably
less than for most other examinations
they have taken,

To make this point clearer, let's take
a closer look at the objectives and scope
of problems set forth in the senior
grade exam., For example, engineers
sitting for the senior grade exam should
have between 3—5 vyears of practical
in the field, should

be well-versed in microcomputer systems

experience and
development techniques if they wish
to pass the test. They are therefore
tested on their ability to develop standard
microcomputer systems hardware; on

their ability to develop the software re-
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quired by these hardware systems; and
on their knowledge of related tech-
nologies and their abilities to analyze and
comprehend these.

The scope of the senior grade exami-
nation includes both 8- and 16-bit micro-
computers. The B08B, Z80 and 6800
B-bit CPU/MPUs form the core of the
applications-oriented portions of the test,
and the 8086 and 6B000 are used to test
examinees understanding of the concepts
and characteristics of 16-bit CPU/MPUs.
senior grade examinees must demonst-
rate their understanding of the hardware .
and software that goes into making up
total microcomputer systems, not just
parts of those systems. They must also
demonstrate their abilities to analyze
these systems; simply possessing the
knowhow alone isn’t enough.
in the
senior grade exam cover the circuitry

Specific problems presented

and programs used in systems employing
the CPU/MPUs cited above and are de-
signed to conform to actual working
situations.

Examples of actual problems present-
ed in the basic and senior grade exams
for 1987 are given below.




1987 Basic Grade Examination |

Problem 8.

tems, “1” is reflected in a number of

In microcomputer sys-
different forms. Select the appropriate
numbers or terms from among those
given at the botoom of the page and write
them in the squares provided in the
following problems. The same answers

can be used more than once.

[1] Output the ASCI! code “1” to the
1/Q port address.

8085 CPU Z80 CPU 6800 MPU
MVI A OH LD A OH LDAA #5 0
OUT PORT OUT (PORT), A[ STAA PORT

[2] Change bit 1 to "1 without chang-
ing the other bits in the A register
{(accumulator). The MSB is bit 7
and the LSB is bit 0.

BOBE CPU Z80 CPU GBOO MPU

ORIOCH OROH ORAA #3% 0

[3] Put the 18-bit "-1"" (complementary
expression of 2} in the register.

8035 CPU ZBO CPU 6300 MPL
MV H, OH LDH,OH LDAA #3 O
MVIL,OH LOL OH LDAB #$ O

{4] When you want to express the binary
numbers in the A register (accumu-
lator) as decimals, implement the
following commands when 1" is in
the hundreds place, and when it is

not, jump to the NEXT label,

8085 CPU Z80CPU | 6BOOMPU
CPIOH CPOH CMPA #5 0O
JC NEXT JR C, NEXT BCS NEXT
CF1 OCBH CP OC8H CMPA #5C8
JNC NEXT JAR NG, NEXT BCC NEXT
{Next command)} {Next command}l| (Next command

[5] Display 1" in the seven segment

display accessed via the /O PORT
The contents of the PORT
address should conform to the fol-

address.

lowing coordinate list.

Cordinate list for the PORT address
and 7 segment display

PORT address
a
f b 76543210
e c {MSB} (LSB)

d x]glfleld[c[b]a]

The display will blink when you make the
equivalent bit 1.

47

8085 CPU Z80 CPU 6800 MPU
MV A, OH LD A, OH LDAA #5 D
OUT PORT QUT (PORT!, A| STAA PORT
Answers

a.00 b. 01 c. 02 d.04 e. 06 f. 31
g.63 h. 64 i. OFF j. 10
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1987 Basic Grade Examination Il

Problem 15. Select from among the
following the three {3) statements which
maost accurately describe the microcom-
puter bus buffer control shown in the
diagram below.

a. Normally, only one of the buffer gates
connected to the data bus can handle
output in a high impedance state.

b. If the CPU only is outputting to the
address bus, it is not necessary for
buffer gate [1] to be in a high im-
pedance state.

¢. Buffer gate [2] must be in a high
impedance state between CPU lead
cycles,

—{>—

Address
CPU

. When the CPU accesses RAM, buffer
gates {B] and [B6] must both be in a
high impedance state.

. |t doesnt matter whether buffer gate

[4] is in a high impedance state or
not when the CPU reads data from
RAM since this gate plays no part in
that operation.

. Buffer gates [2], [4] and [5] must

be in high impedance states when the
CPU writes data intoc RAM.

. Since the data 1/0 terminals of

ordinary RAM chips are in a high
impedance state when there is high
level CS, these data 1/O terminals can
be linked in parailel when multiple
RAM chips are used.

@,__ ROM
Da

IT>—

The triangles in the
diagrams represant

three-state buffers. )

¥
Address Data bus
bus

Address
decoder P ————Q
cs2
RAM1
Data
4@ €cs3
RAMZ

@ Data

Microcomputer Bus Configuration
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1987 Senior Grade Examination |

Problem 2.
term from the list of possible answers

Seiect the appropriate

given at the bottom of the page and write
it into the square provided in the follow-
ing paragraph about branch instructions.

Table 1 shows the results of an in-
vestigation into all the branch instruc-
tions of a certain program and the scope
When
this program is transferred to a processor

of branch destinations therein.

with relative branch instruction sets like
those in processors A, B and C shown in

Table 2, then :] is capable of the
smallest possible branch instruction pro-

gram size {byte size}.

Table 1. Branch Destinations and
Number of Instructions

Number of bits required to MNumber of

express the retative offset to Branch
the branch destinations Instructions
4 bits or less 160
5 hits 80
Between 6 and 8 bits 40
Between 9 and 10 bits 20
Between 11 and 16 bits 10

Table 2, Branch Instruction Sets

Processor A Processor B Processor C
76543210
1-byte branch instruction OP | AD OP| AD Nane
A
Lo OP b
2-byte branch instruction None
AD AD
OP QP 8]y
3-byte branch instruction AD AD AD
1l L1111 | IS T W T T L1 L1 1
AD AD AD
I T I T T W I 1 L33 41

OP stands for operation code and AD expresses the branch destination offset address,

a. Processor A
d. Processors Aand B

Answers

49

b. Processor B

c. Processor G
e. Processors B and C

f. Processors A and C
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1987 Senior Grade Examination Il

Problem 13.
diagram of the circuitry of a small-scale
280 CPU-based system with an RS-232C
serial interface and a floppy disk (flexible

Figure 13.1 presents a

disk} interface. The program shown
below is the one used to initialize this
system. Study the circuit diagram and
program and then answer questions 1
through 5.

For more information on the opera-
tions of the peripheral LSis and logic
devices shown in the circuit diagram,

refer to the descriptions provided at the

[Question 1] Write the appropriate term
or numeral in the squares provided in the
following descriptions of this system,

[1] In the DMA controlier (8237A-5),
channel O controls the transmission
of data between:] and menory.

[2) The serial transmission rate is set at
I:] bits per second.

[3] There are four (4) factors involved
in interrupt processing. Of these, the
[ Thas the highest degree of
priority for interruptions that are
input from the timer/counter (8253
2) to the interrupt controller (B259A).

end of the test booklet.

(Program]
INIT: ; Initislize 8237A-5
ouT {ODH], A : MASTER CLEAR
XOR A
ouT {0BH}, A ; SET COMMAND REG.
ouT {00H, A
LD A, OFBH
ouT {00H}, A ; SET CHO ADDRESS(FBOOH)
LD A, OFFH
ouT {D1H}, A
iNC A
ouT (01H}, A 1 SET CHQ COUNTIDQFFH)
LD A, BBH
ouT {OBH), A 1 SET CHO MODE
; Initialize 8259A
LD A, B2H
ouT (10H}, A ; SET ICW1{Not ICW4, Single, BByte, Edge}
XOR A
ouT (11H}, A ; SET ICW2
; Initiatize §253-2
LD A, Z5H
ouT (23H), A ; SET CHQ CONTROL WORD(BCD, Mode2, MSB)
LD A, 10H
ouT (20H), A : SET CHO COUNT{(1000)
LD A, 97H
ouT (23H), A : SET CH2 CONTRQL WORD{BCD, Mode3, L5B}
LD A, 48H
OUT {22H), A ; SET CH2 COUNT{D048)
; Initiatize 8251A
XOR A
ouT (31H], A
ouT (31H}, A
ouT (31H}, A ; DUMMY
LD A, 40H
ouT {31H), A ; INTEANAL RESET
LD A, 4EH
ouT (31H], A ; SET MODE INSTRUCTION
LD A, 1BH
ouT (31H), A ; SET COMMAND INSTRUCTION{Enable Tx/Rx}
; Initialize 765A
LD A, ODEH ; 8237A-5 mask removat
ouT (OFH), A ; SET MASK REG. (Enable CHD)
El
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Examination Results

As mentioned above, the Examination
for Microcomputer-based Systems Engi-
neers was first given in 1985, At that
time, only the basic grade examination
Starting in 1987, the third
year the examination was administered,

was given.
senior grade examinations were also
offered. Advanced grade exams will be
offered in the near future.

The number of applicants for the 1987
exams exceeded 10,000, or roughly 2.3
times as many people as had applied for
the initial examinations given in 1985,

The results of the 1987 examinations
are shown in Table 3. As the figures
indicate, the pass ratios for both basic
and senior grade examinees were low.
Apparently, the people who sat for the
exams found them to be fairly difficult,

Looking at these results, three major
points can be discerned: 1} the average
age of the applicants and passees for both
the basic and senior grade exams was
rather high (See Table 4); 2) the ratio
of passees engaged in research and devel-
opment work was extremely high ({See
Figure 2); and 3) the ratio of females
who passed the examinations was exceed-
ingly small {See Figure 3).

In recent years, more and mare
women have entered fields related to
information processing (software-related
fields), and are performing a variety of
different jobs. Weomen have been es-
pecially active in high level research work
in particular.

However, as is indicated by the results
of the 1987 exams, there are very few
women working in microcomputer-
related fields in Japan, a situation which
is reminescent of the information process-
ing field a generation ago.

Therefore, it would seem that one way
of helping to relieve the shortage of
personnel working in micracomputer-
related fields would be to devise plans for
promoting the entry of women into these
fields.

Microcomputer systems engineers are
expected to acquire skills and knowhow
related to both the hardware and software
aspects of microcomputer systems, which
means that the amount of knowledge
required of individual engineers is huge.
We must therefore introduce efficient
development tools and modularize sys-
tems development processes to interject
greater efficiency and productivity into

microcomputer systems development.

Table 3. Applicants, Testees, Passees and Pass Ratios for 1987 Exams

Applicants Testees Passees Pass Ratio
Basic Grade 7.883 6,041 1,194 19.8
Senior Grade 2,604 2,012 245 12,2
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Table 4. Breakdown of 1987 Applicants and Passees by Age

Basic Grade Exam Senior Grade Exam

Applicants Passees Applicants Passees -
Average Age 25.7 28,5 28.9 30
Youngest 16 17 16 16
Oldest 69 57 62 48

: > Research and Development

Information Processing
1k Manufacturing

# Maintenance and Services

B

::: Business
B Research and Planning
Education

W Others

'} Unknown

Figure 2. Percentage of Total Passees of the Basic and
Senior Grade Exams for 1987 by Occupation

Women (1.2%)

B AL AN RNUNNNRRY

Men (98.8%}

Figure 3. Percentage of Male and Female
Passees of the 1987 Basic and.
Senior Grade Examinations
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CURRENT NEWS

SYSTEM FOR DIAGNOSING
NERVOUS DISORDERS IN IN-
FANTS

Approximately 3% of all infants born
each year, or roughly 50,000 babies, are
victims of nervous disorders such as
cerebral palsy or congenital metabolic
abnormalities. The Agency of Industrial
Science and Technology {AIST) of the
Ministry of International Trade and
Industry {MITI) has recently developed
a computer-based “Nervous Disorder
Diagnosis and Treatment Support Sys-
tem’’ to aid physicians in diagnosing and
treating nervous disarders in newly born
infants.

Electrodes are attached to a newborn
infants body, and the diagnostic support
system continuously measures six (6) of
the baby’s vital functions, to include
brain wave activity and eye movement
during sleep, over a 10-hour period.
This data is processed by the computer
and output in the form of graphs and
tables for use by the physician in his
diagnosis of the child.

The treatment support system is used
to determine the optimum amount of
medicine to be administered to a baby
diagnosed as having a nervous disorder,
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This is done by administering medicine
to the infant and then having the system
analyze the very small quantities of that
medicine in the child’s bleod in relation
to the thickness of the blood.

This system is to be commercialized
during 1988 and is expected to sell for
around 50 millian yen,

NTT JOINS NINE OTHER FIRMS
TO ESTABLISH NEW ISDN-
ORIENTED COMPANY

Nippon Telegraph and Telephone
Corporation {NTT), Toyota Motor Cor-
poration, the data communications firm
Legic Systems International {LSl) and
six (B) other firms joined together to
establish in March 1988 a new company
calted Infonex, which will specialize in
the construction of [SDMN-oriented data
communications systems. The new firm
is capitalized at 700 million yen, of which
LS1 invested 21.4%, NTT put in 17.1%,
Toyota contributed 15.7% and Ushio
Electric Corporation and Nihon Shimpan
invested 14.3% each.

The fact that two major corparations
such as NTT and Toyota have joined
forces to set up this new company will
probably cause quite a ripple through-




out the business world, both inside and
outside of Japan.

NEC DEVELOPS THE WORLD’'S
FASTEST 16-BIT MPU

Nippon Electric Corporation {(NEC)
has developed the world’s fastest 16-bit
microprocessor unit (MPU), This device
is an upgraded version of the company’s
V30 MPU, which is currently on the
The new MPU is capable of
processing data at 16 megahertz, or

market.

roughly twice as fast as any MPU devel-
oped to date. It can also run programs
in excess of G40. kilobytes, the largest
programs capable of being handled by
16-bit MPUs up until now, thus putting
it on a par with 32-bit MPUs. However,
since 16-bit peripheral circuits can be
used with this new MPU, the cost of the
overall system can be kept quite low,
making it a “super’’ 16-bit device.

NEC is going all out in its efforts to
develop bigger and better MPUs, and
plans to develop during 1988 the top-
of-the-line model of a 32-bit MPU it has
already commercialized.

FUJI XEROX HAS NEW ONLINE
DIAGNOSTIC SYSTEM FOR ITS
NATIONWIDE Al WORKSTA-
TION NETWORK

Fuji Xerox Corporation has developed
an online diagnostic system for work-
stations that use artificial intelligence
(Al}). The company has 1,500 Al work-
stations installed at its various offices

throughout Japan, all of which are linked

b5

together via its own local area network
(LAN).
tion occurs at one of these workstation

When a breakdown or malfunc-

sites, the operator is queried as to the
nature of the breakdown and then told
how to take care of the problem via
electronic mail. These "‘prescriptions’
come from a knowledge base comprised
of 500 data items, which is enough to
allow the ordinary user to “‘heal” his
workstation on his own about 45% of
the time. This Al diagnostic system runs
on F'uji Xerox's J-Star model of work-

station,

DAI-ICHI KANGYO LINKS UP
ONLINE WITH CITIBANK,

In January of this vyear, CitiBank,

America’s largest banking institution,
linked " its cash dispensors {CDs) and
machines (ATMs)

stalled in Japan online with those of

automatic teller in-

Japan’s Dai-lchi Kangyo Bank. Now
account helders from both banks can
their
balances using the machines of- either

withdraw cash and/or check
bank. - This is the first time a Japanese
bank and a foreign bank have linked up
like this Dai-Ichi

Kangyo and CitiBank reached a funda-

online in Japan.
mental agreement for the link up in
May 1987.

TOYOTA USING LEASED LINES
TO COMMUNICATE WITH U.S.
SUBSIDIARIES

Toyota Motor Corporation recently
announced that it is using digital leased

Japan Computer Quarterly



tines as the primary communication link
between the headquarters and its sub-
sidiaries in the U.S. and manufacturing
plant in Kentucky. This is the first step
toward achieving a global network em-
This
is the first time a Japanese firm has

ploying communications satellites.

made use of a large-capacity 256 K-bit
digital leased line. For the time being,
this communication link is being used
for international telephone calls and fac-
simile transmissions, but in future Toyota
plans to add data and image communica-
tions capabilities to its menu, and to ex-
pand the network to include its sub-
sidiaries in Canada as well. The ultimate
goal is to use this international network
to enable the company to manage all
international

production, distribution,

sales and inventory information from

its headquarters here in Japan.

NEC-HONEYWELL-BULL BUILD
INTERNATIONAL FINANCIAL
NETWORK

Nippon Eiectric Corporation (NEC),

America's Honeywell Corporation and
France's Bull Corporation have agreed to
develop, market and service an inter-
national financial network, They are
going to establish a system that enables
them to utilize their respective makes
of computers as if they were all compati-
ble.

ness Machines Corporation {IBM) has

Up until now, International Busi-

had an overwhelmingly large share of the
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financial network market, but with this
agreement, NEC and its partners will be
challenging the Big Blue on its own turf,
NEC et al are scheduled to cosponsor
a seminar designed to explain this pro-
posed network -system to a gathering of
some 300 of the
leading financial

representatives of

world's heouses and
securities firms in Lisbon, Portugal in
June of this year. Through this tie-up,
NEC will be able to provide its Japanese
users with access to an international
financial system without the need for

overseas bases of its own.

DAIElI TO ENTER INTO CREDIT
CARD TIE-UPS WITH BOTH VISA
AND MASTERCARD

The Daiei and Seibu Saison groups
intend to internationalize their credit
card operations by entering into tie-ups
with Visa International and MasterCard
International, two U.S.-based credit card
firms that are vieing with one another for
top position in the global credit card
industry, This will be the first time that
Visa and MasterCard, both of which rely
on financial institutiens for the brunt
of their members, have linked up directly
with non-banking capital represented by
If the credit
cards currently being issued by both of

major distribution firms,

these groups attain international status,
it could lead to considerable changes in
the domestic card market presently lead
by the credit unions and banking houses.
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