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The Microelectronics Monitor proposes to accept industry-
related advertisements from companies interested in
reaching planners and policy-makers as well as entre-
preneurs and members of the scientific community in
some sixty developing countries throughout the world
and inform them about their products and services.

The Monitor is published four times a year and distributed
free of charge to individuals ard institutions on an
approved mailing list which includes at the moment 1300
entries. The Monitor has been published since 1982 and
has built up a sound reputation both in developed and
developing countries.

Our activities in the field of advertising are directed
towards helping to finance the preparation, publication
and mailing of the Monitor, which will continue to be
distributed free of charge.

Advertisements will be printed in black and white and in
English only. Prices in Austrian Schillings or the equi-
valent in $US will be AS 5.000 for a full page; for half
page advertisements, AS 3,700, and for a quarter page,
AS 2,500. Requests for placing of advertisements,
accompanied by a layout, illustrations and text, should be
submitted to the Editor, Microelectronics Mcnitor, at the
address below.




Editor's note

A reader survey initiated in 1986 has now been completed. 25 per cent
of you have taken the trouble of replying. Better yet, nearly all
questionnaires returned contained interesting and valuable suggestions for
further improvement of the Microelectronics Monitor. We wish to thank all
readers who have replied and who have been wonderfully supportive.

An analysis of responses was made and the following emerged:

The "New Developments" section was clearly number one in reader
preference, followed by “Country Reports”, especially from developing
countries, coming in second. These were followed by "Market Trends and
Company News™; "Applications"”; "Software"”; and "Robotics and Factory
Automation". Also popular were special review articles and reports on
government policies. Quite a few readers wished for more tables, graphs and
drawings to enliven the text. We do include these to the extent possible but
as they have to fit into the double column text layout and original size is
reduced in the printing process, most of them have to go to the back page
where their immediate relevance is lost.

A general complairt was that the Monitor should be more timely and be
published closer to the date of events. This, however, is beyond our control
as UNIDC shares printing facilities with the International Atomic Energy
Agency and United Nations Vienna, all located at the Vienna International
Centre. The manuscript of the Monitor has to queue for printing together with
all other documents.

Distribution, as we have pointed out on several occasions, is done by
surface mail in view of high airmail cost for which we have no budget. A
scheme to have interested readers pay for airmail charges was not yet launched
due to lack of interest on the part of our readers.

One interesting suggestion was for inclusion of software needs as most
journals carry only informa.ion on software available. We will gladly publish
information on specific software requirements if it is indicated to us.

As regards requests for product reviews, this is beyond our scope and a
number of technical journals are specializing in it. The main objective of
the Monitor is to outline the major trends and developments in the field of
microelectronics and their impact,

On a personal note, 1 shall be leaving UNIDO at the end of this year and
I wish to thank readers - with some of whom I have been in contact since the
publication of the first issue of the Monitor six years ago - for their
continued interest and encouraging comments. The Monitor will continue to be
published and one of my colleagues will assume edi-orial responsibility. May I
wish you all the best for the future.

Ingeborg Schwab
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1. UN NEWS AND 2ECENT EVENTS

UNIDO convenes second meeting of COGIT

A weeting of the Ccasultative Group on
Informatics Technology for Development (COGIT) will be
he d st UNIDO's headquarters in Vienna on
14-16 December 1987. The Group, reported sn in
esrlier issues of the Microelectronics Monitor, vas
established following & meeting in I984. The
objectives of this yesr's meeting will be to review
practical experience in the application of informatics
for developaent and to identify concrete measures of
co-operation at the iaternstional level including
co-operatiot. among developing countries. UNIDO's
activities in this field vill also be revieved and a
programme of action suggested. We will report on the
outcome of the COCGIT meeting in the next issue.

Mastering microprocessors

A consyltarive meeting on a possible UNU research
and trazining centre for softvare development, to meet
the needs of developing courtries, was held in Mccau
from 2-4 March 1987. Hosted by the GCovernment of
Macau, the meeting heatrd the opinions of experts from
North and South who had been asked tc assess the need
for aa international effort that might lesd to the
establishment of & research and training centre for
softwvare development.

The meering vas one of a series which built on
activities carried out under a project of UNU's Global
Learning Division on the Mastering of Microp-ocessor
Technology. An effort to help developing countries to
benefit from the technological advances in this area,
the project is simed at raising scientific aud
technolo;ical capabilities to the level necessary for
understanding, using and innovating with
microprocessors.

Important compcnents of the microprocessor
technology project include: s fellowship scheme,
supported by the Irish Government, which gives special
training in wmicroprocessor technology to scientists
from developing coustries, and co-operatior (with
Italisn Covernment backing) with the International
Centre for Theoretical Physics, Trieste, Italy in the
organization of regional training colleges in the
third world, of which three have teen held so far.

Further combined trasining and capacity-building
sctivities have been initisted with universities in
Africa and Latin Americs, and an advanced joint
resesrch project in the use of microprocessor
technology has brn organized with the University of
Malays and the Tunks Abdul Rahman College in
Kusls Lumpur, Malsysie.

For further information, contact:
tr. Iner Wesley-Tanasknvic, UNESTO National! Cowmission
of Yugoslavia, Mose Pijade 8/VI, 11000 Belgrade,
Yugoslavia. (ACCIS Newsletter, July 1984, p. 4)

First IFIP* geminar in Chins

Beijing was the site of the first technicsl
meeting IFIP has ever held in China, IFIP's Technical
Committee on Computer Applications in Technolagy (TCS)
organized this event, a Seminar on Introdu-ing
Computer-Aided Techniques in Manufactuiing,
Engineering snd Mansgement (SICATMEN '87), which took
place frem 1-3 April 1987,

Two thirds of the Bl regist-ants were from
China; the rest were from 17 other countries.

ELighteen pape-s, approximately half by Chinese

* International Federstion for Infurmation
Procassing.

authors, were presented. Frot. (rangnan >n  \FKu)
headed the natioual Program Lommittee that selected
the Chinese papers; 1.3 chairman

Prof. asbjgtn Molstadis iMetherlands) neaded tne
International Progras Loemittee that chose the
remaining papers. Several ot the papers oy
noa-Chinese authors were written by members ot 5.
Eight of the non-thinese registrants were invited by
Chinese universities and technical icstitutioans to be
guest lecturers before or after the Seminar.

Proceedings of the Seminzr, edited by Prots. Sun
and lol:tudS:, were published as a special issue of

Eg;guters in lndustrs, the international journal of
TCS {Vol. 8, Nos. 2&J).

The keynote japer of the Seminar, "General Review
of Computer Technology and Application ia China®, was
written by Prof. Ping-Xin Guo, China's representative
to IFIP, and Prof. Sun. In it, they present a history
of information processing in China. Parts of it are
quoted hege: **

Ihe history of the computer ingustry im Cl-ina
comprises three periods:

1956-1971l: f[nitial perive

in this period, work began Dy our copjing tureipn
models and evulved tc¢ our desipilhg by

ourselves. Compuler sysiems of Inree

generatious - vacuuw-tube, traunsistorized, ana
Integrated-circult - were manutactured. husearcn
and development, education, hardware manutacture,
and component production grew up.

The computer industry advanced rapidiy,
characterized by a variety of models small
preduction lots, and narrow fields of
application. The main use-s were military and
Tesearch organizations. The main fields of
application were complicated calculations for
aerospace, nuclezr energy, etc.

1972-1979

This period marked the transformation from
research to industrial development. In this
period, the scope of computer applications was
extended to process control, autowatic testing,
dats processing, information management «nd
retrieval, CaD, et<., but still 1o limited
areas. Most machines were 1astailes in research
institutes and universities. Ihe number ot
instslled computers amountes to ovaly 2,UUU.

196V to the present

This 1s a new perivd tor computef pruductlun anc
spglication. 1lhe policy is "yrowing through
spplications” snd to start China's compurer
industry complex.

Ia this period, radical change has occurred in
compuler production and application. The
direction of research has changed trom
hardware-produci-oriented to system-oriented.

The style of industrial production has changed
from assembly of parte and components to domestic
manufacture., The fields of application have
changed from research, defence, and a fev
injustries to the entire socie'y.

By the end of 1985, the number of organizations
taking part in computer research, production
development and technicel service samounted to
over 150, and the total number =f staff and
workers to over 100,00V, bSeven thousand

**  Copyraight LFIP.




mainframes and minicomputers had been installed,
as vell as 130,000 microcomputers.

In recent years, due to the policy “dcwestically,
mske the economy sctive; internationally, open
to the world”, China's computer technology has
asdvanced significantly from its originsl basis,
by applying new foreign technologies.

The policy of developing families of computers
has promoted the progress of computer technology
ia China. All computer families ars equipped
with system scftvare and applicaticn softvare.
Also, tens of peripheral equipment projects werc
undertaken to tackle key technical problems.

The paper goes on to discuss research and
developuent in Chinese character information
processing and other areas. Applications in
technological wodernization of conventional
industries, mananagement, energy savings, and
transportation are slso discussed. Finally, t're paper
concludes ae follows:

The above brief introduction of the genersl

status of computer technology and application in
China shows that:

1. After )0 years' development, the computer
industry in China has advanced
significantly. An initial computer industry
complex has been formed.

2. The policy “growirg through applications” ie
fruitful.

3. There is still a long way to go to reach an
advanced internstional technical level.
Besides China's own efforts, technical
exchanges and co-operation with developed
countries and learning and isporting
sophisticated internationsl technulogies are
also necessary.

(IFIP Newsletter, Vol. 4, No. 3, S:ptember 1987)

Computers against poverty

An internstional workshop on "computers sgsinst
pove *y - poverty thcough computers?” was orgzanized by
the Lerman Computer Society in co-operstion with the
North/South Conference CONTACT 1987 as part of the
750th anniverssry celebraticns of the city of Berlin.
It took place on 2-4 October 1987 in Berlin (West), at
the Technical University of Berlin (Msthematics
Building, Strasse des 17. Juni 136, Di0OG Berlin 2.
The prograsme included such topics as: development
theory and informstion theory; computers in
education; production; applications in sgriculture,
health and for grass roots; and implications of
information technology.

Restructuring industrislization strategies

The Institute of Development Studies at the
University of Sussex, Brighton, Englani is planning
another study seminar from 21 Scptember to
21 October 1988. The seaminar will updste the 1935
seminar on the same theme of microelectronics and new
work practices. The seminar will focue on lectures by
representstives in “he microelectronics industry, the
cspital goods industry and will include a one-veek
tour of British leading edge firms in sectors of
relevance t. participants’ home countries. The
implicetions for industriasl and corporate policy in
developing countries will be discussed. (Institute of
Development Studies, University of Sumsex, Falmer,
Brighton BNl 9RE, England)

National issues on computers in education

An intsrnational workshop oan the above topic was
held on 16-18 March 1987 at the Indian Institute of
Techanlogy (LIT), Bembay. It was jointly spoascred by
Technical Comsittee ) of the International Federation
of Information Processing, the Computer Society of
India and UIT, Boobay. The purpose ot the workshop
vas to arrive st recommendations and conciusions un
the effective exploitativon of computers in education.
Sixty participants tros 43 countries participated. i€
vas ayreed "+t the major proboles ncw tacing all
nation3 ts a3 lack ot adequately cosputer-trainec
teachers. 1lhis is a loug—term problem that nas no
simple solutiocn. The report of the workshop, wnich 1s
available trom the Ullice ot the Virectur, Llnaian
Inscitute of Technoloyy, Fowair, pombay «u0 vie,
ccntain® conclusions and recvemerdations which way e
adopted - adapted by individual countries depending
on their own national strategies.

CHEMEX ~ expert systems in chemistry

and the chemical industry

The aneeting will be held in Londom, in
November 1987. The major aim of this meeting is to
promote a greater awareness among chemists of the
iciustrial, analytical and other applications of
expeit svstems technology.

For information write to the organizer,
F. Edwards (LMEMEX), Department cf Physical Chemistry,
University of Leeds, Woodhouse iane, Leeds LS2 9JT by
) June 1987,

Yourth international congress on computer

applicaticns in fermentation technology

Ite congress will be held at Lambridye, Lrom
/5-it Septesber LY88, at Kobimson Lollege.

the cougress will be struclured to encourae
papers on both new discoveries and applicatlious ang on
descriptions of how new technology 1is veiny appiled in
practice. It is eavisaged thal the papers will
co.ceatrate on the tollowing areas:

Messurement - novel sensors and Diosensors;
intelligent instruments and estimation of
variables.

MKodelling - development and application of
biologicsl and reactor models; identification;
system and state parsmeter estimation.

Control - sdsptive end hierarchical;
systems; optimizstion; strategies.

expert

Dats mansgement - off-line data collection;
processing and interpretation; statisticsl
analysis etc.

international Conference on Artificial Intelligence

the 10th international Joint Lonference on
artifrcial Intelligence (al) was aeld 1n Milan, ltaly,
trom l,-28 august 1987. Ihe progfamase included two
Jistin:t tracks, science and cugineering. JThe science
sopels tocused on vomputational principles underlying
vognition and perception in man and wachines. lue
vagireersny rapers dealt with issues involved in
applying the computational principles. Ln sdadition to
the papers, an exnib,tion ot Al-reievant nardware asnd
software was svsilasble. laquiries can be sent (o
John Mcvernott, Depsrtment of Lomputer Science,
arnegie Mellon university, Fittsbusgh, PA 15413,
ii3A.  {(Phone: «]11-268-2599) (Lufopear. Science Notrs,
Hey 1987)




IFIP Congress ‘89

The Lith World Coz uter Congress wili take place
in San Francisco, California, YSA from 28 August to
1 Septeuber 1959. The programme will emphasize the
evolution of information processing. lts scope and
organization wili be geared toward EDP professionals
and application systems designers and developers. For
further information please contact A.J. Basili,
AT*T 30 Knightsbridge Road, Piscataway, N.J. 08854,
USA.

MEDINFO 89

The 6th world congress on medical informatics
will be held in Beijing, PRC on 16-20 October 1989.
The evenc is organized by MEDINFO '89 Secretariat,
Ms. Skan Huiqin, Chins Computer Technical Service
Corp., 55 Xueyusn Nalu, Weigong Cun 10081, Haidian
Districe, Beijing, PRC.

IT. NEW PEVELOPMENTS

More on superconductors

Superconductor research warms up

The hottest temperatuire at which
superconductivity works has reached a new record high
of 225 X. This is more than double the record
temperatures of 90 to 100 K achieved earlier this
year. A group led by Paul Chu, at the University of
Houston, discov:red this new phenomenon.

Trough 225 K (or -48°C) is far from room
tempersture, it exceeds the lovest temperature (of
-89.2°C) recorded on the Earth's surface. The
Soviet Union's Vostok station in Antarctica recorded
this temperature o2 2] July 1983,

Chu's group was working with the ceramic
materials in which the superconductivity st 90 o
100 X was discovered earlier :this year. Pei Hor, one
of Chu's colleagues, said that msgnetic measurements
showed that s very small swmount of the material (s
second phase) superconducted at 225 K. Hor said:
"The semple’s second superconducting phase is not
stable at 2I5 K; it comes and goes. You can observe
it once, then after a while it disappears, but you can
see it agsin.”

Lockheed's Palo Alto Research Laborstory measured
the resistivity of tie material, sn’ the National
Megnet Laboratory, ojersted by Massachusetts [nstitute
of Technology in Cambridge, Hassachusetts, studied its
magnetic properties. There have been persistent hints
of materials chat superconduct at temperstures of
about 200 X, but this iz the first evidence that this
is so, slbeit for part of a single sample.

Alex Zettl's group st the Un.versity of
Californis at Berkeley provided tke strongest hint
thet superconduction st temperstures above 200 K might
be pnseidble. Zettl's group observed an anomsly in one
of its semples st 240 K duriug the first burst of
high-tempersture superconductor research earlier this
year. 2ettl ssid thet it failed to confirm
superconductivity at that temperature., However, it
could resemble the results seen by the Houston group.

The messurements sre reliable enjrugh to convince
the Houston-Lockheed-MIT team that they have seen
superconductivity at 225 K. However, they are not
surc of the material'e structure or why
superconductivity seems to come and go. MHor ssid that
" e ere looking into” what makes the 225 K
suparconducting phase resppear. That second phase
sceme to have s different structure to the materisle
wnich superconduct at 90 K. Detaile remsin unclesr.

The houston group 1s keeping secret the chesical
composition of the new material, althovgh 1t 1s in the
same tamily of ceramics as the YU A super-onauctors.
Chu's tirst samples were of yttrium-tarium-copper
oxide, but some other rare eartits can be eubstituled.
Hor said that the {25-K sample was in the same l-1-3
phase, with one atom of rare earth, two of barium, and
three of copper, but ne would not ideatify the rare
earth. (This first appeared in New Scientisc, Loundon,
4 June 1387, the weekly review of science and
technology)

US spending to keep up with the Japanese

In tune with the pepular theme of industrial
competitiveness, the US National Science Fourdatien
(NSF) has announced that special funds will be
available for research into the ncw superconduc-ors.
The overt hope is that a solid foundation of research
will enable US industries to gear up quickly for the
anticipsted commercial applications.

Three materials research laboratories, at
Northwestern and Stantord Universities and at the
University ot Illinois st Urbana-Champaigm, will
venefit from an 1mmediate award of $1 miliion.
Aaother $60,00U will be distributes as "quick starc’
grants to researchers with promising techniyues tor
turning the ceramic superconductors iuto usable torms
and devices. (Nature, 7 may 1vs?h)

US: superconductor race attracts M.l

Microelectronics and Computer Technology tCurp.
(MCC} is pursuing 3 new research programme into
superconductive materials. The initiative was
proposed by the Austin, Texas, research consortium's
packaging researchers, many of whom had left the
superconductor field a few years earlier when the
ptospects of the techaology ever being used were dim.
Now that superconductivity is hot, MCC hopes to have a
major programme under way in the fall.

Laborat ;ries around the world are following the
progress, and many have set up at least small research
efforts. At this point, MUC perceives an opportunity
to help provide for even its smaller memdDers a level
of vesearch usually avsilable only to the biggest
companies. What the consortium aims to do is tind new
applications for superconductors and study Cechniques
for producing the new msterisls.

Moy ofticials admit that superconductor reseatch
is now ideally suiteda to the consortium, since lew
electronics companies are likely Co tund such researcn
on their own. indeed, they are hoping that tae
project will attract new members. ML vice-president
Barry Whalen says the consortium will present &
tinished proposal in July to s group of non-mesber US
companies that might be interested in joining the
programme and MCC. Outsiders note that the
superconductor programme csme at 8 good time for the
consortivm, which had been losing sembere during the
semiconductor industry recession. MCC wants to
develop saaistical modelling and simulation techniyues
to help identify applications, says Whalen. Ac firsc,
he adds, the progremme will have modest funding.
(Reprinted from Electronice, 25 June 1987, pp. 13-4,
(c) 1987, McGraw—Hill Inc., all rights reserved)

USA Government calls for joint superconducting effort

President Reagan has called for e joint
industry-government progremme to develop new
superconducting electronic devices snd circuits with
incredible speeds. MHe said the Delense Lepartment
will launch & thr2e-year $150 million prograsme to
help develop new devices, and the Lepariment ol rneryy
and hational Science Foundation will vastly edpanu
funding ot supercompuling research st the national
laboratories and at universitius.




Federal sgencies were also asked to reallocate
some funds from the current fiscal year's budget to
nev superconducting research projects and "put a high
priority™ omn such programmes in coming up with future
fis~al year Ltudgets. The President launched the new
superconducting research initiative at a White House
conference of industry and government, wvhich also
heard reports on advancas in the new materials.

John Rowell, director of AT4T Bellcore
Laborstories superconducting programmes, waraed,
hovever, that fsr grester research must be done on
waterisls and device processing before viable
electronic units will be possible. He estimated .t
may be at least a decade before ussble devices are
available.

Reland Schaitt, General Electric's (US)
vice-presicent of research, told the conference that
Japan, although hard at vork on developing new
superconductor devices, is at atout the same stage as
the US. But he wsrned that the US could not afford to
let up on any effort to exploit the nev techuology,
lest the Japanese beat the US to the market aad
achieve leadership in the field.

Mark Rochkind, director of North American Philips
Research Center, reported that Europe is only now
starting to jump into superconducting resesrch, with
GEC expected to have 65 scientists working on the
project, Siemens of Germany sbout the same, snd
Philips somewhat less. He feared thst European
research might once again be fragmented because of
national interests preveating any joint endeavours.
(Electronics Weekly, 5 August 1987)

Japan:

Research on new superconductor materials

Followiang the success achieved in nev types of
superconductors, s ber of large electronics
companies in Japan (Fujicsu, NEC and Hitachi) are
stepping up their research and development efforts in
this field in order to be the first to lay the bases
for this future icdustry.

More than one hundred groups of specialists,
headed by Prof. S. Tanaka of the Faculty of Applied
Physics of the University of Tokyo, sre csrrying cut
experiments at & ‘_." rate in order to discover which
waterisls are wost vresistant even at relstively high
temperstures snd which can therefore conduct
electricity without s dispersion of energy.

The Japanese are expanding their research in the
{ield of ceramics, non-metallic and non-orgenic
materisle hased on nitrides and oxides. Advanced
studies are under wvay on the reaction of elewments
such as silicon and zirconis st various temperstures
and in controlleu environments. The aim is to
develop certain ceramics called 'engineering ceramics’
which, due to their lightness and strength, are
patticularly sdapted to serospace applications.
According to MITI (cthe Japanese Ministry for
Internstional Trade and Industry) the domestic market
for superconductor ceramics will reach US$7 billion by
the yesr 2000.

There has sleo been a strong interest in
amorphous silicon, 8 non-ceystallizad foim of silicon
commonly used for the production of semicondctors.
Thie material, which i{s currently very expensive to
produce, presents numerous advantages, for example
betcer electric characteristice for application in
photocopiears eud solar celle, as compared to the
crystaliized form.

Arprouianlcly US$4 billinn have veen esrmarked by
several large Japanese firms which founded the Jap-n

Space Utilization Promotion Center for resesarch .in the
possibilities of producing conductor materiale in

srace taking advartzge uf the absence of gravity.
According to the prosoters, within the next few
decades sewmiconduyctors, medicines and alloys will be
able to be produced in sprce in their pure form.
(Bulletin IBLPHESS, No. 149, 31 August 1987)

United Kingdom:

Britain's supercoaducZor teams compare notes and
Bus ets

The tirst msjor meetiug ot oritish scientists
working ot high-temperature Superconuucting ceramics
vas held at the hutherford appleton Laboratory. [he
seeting, arranged by the SCience and Loglneerinyg
Kesearch Council (SERUC), simed to rdentity “the
strategy that should be tolloweda by the UK tor the new
high-tenperature superconductors”.

The organizers hope that the meeting will result
in greater collaboration between various groups, to
avoid duplicating and mrke best use of scarze tfunds.
Talk of room-temperature superconductivity has now
largely ceased, and the British groups are
concentrating their efforts on the fundamental physics
of the new ceramics. But chronic shortage of funds
remsins the major obstacle to Britain's chances of
competing realistically with foreign ¢ ountries,
particularly the United States and Japan. ...

In the short term there seems little hope of cash
from other sources. Industrialists were prescnt at
last week's meeting, but it was felt that the
potential importance of the present work was uot
impressed upon them sufficiently strongly. The
Yepartment ot lrade and Industry (Ull) seat a
representative with a3 statement o assufe Jdelegates
that ULl was aware of the importance of the 1:iela.
liowever, he had no hard proposals tor tunding, and lew
delegates held out wuch hope tor the rapid cash
suppurt that is neeced. {(MNature, 7 May ivel)

Plessey's super chip bid

UK's Plessey plans to make superconducting chips
in the laboratory within the next two years, and sims
to build them into electronic systems in the early
1990s, accordinz to the cospany's technical director,
Professor Williss Gosling.

Such chips could be used in fast computers,
opticsl communicstion systems, signal processors for
big redsrs and switches for wideband
telecommunications, said Gosling., The major advantage
of the superconducting chips is chat they will be
between 10 and 100 times faster and will use less
power than comparsble silicon chips.

The chips will be based on a superconducting
switch, callea a Squid, sand can be manufactured in
much the same way as conventional chips, according to
Gosling.

"They will use the same sort ot tresolution as
silicon semiconductors and the same photolituographic
processes, 80 the packing densities should be about
the same,” Gosling ssid.

"Kight now, with silicon, we're running out ot
speed and straining cooling systems.
Superconductivity opens the door for tuture
computers,” he ss1d. "We had hoped to use jallium
srsenide but it looks like it will he superconductors.”

But he pointed out that the superconducting
switchez are only really suitable for digitsl
applications and that gsllium ars:mide will still be
used for fast snalogue devices arnd microwave
applications.

Scientinte at Plessey’'v Caswell research
laboratories working under Dr. Frank Ainger have




developed a ceramic material svhich superconducts at
~1820C, some 149C sbove the boiling point of

liquid nitrogen. This margin is iwportsat because all
electronic systems generate heat. Gosling thinks

14°C enough to engineer systems with liquid
nitrogen—coolea components.

He expects to increase the margin by about
another 100°C within a year or two. He is less
confident sbout room—temperature superconductors. He
thinks that liquid nitrogen cooled superconductors are
wore practical than esrlier superconductors because
liquid nitrogen cooling is more economic and
relstively essier to work with than either liquid
hydrogen or liquid helium-based cooling systems.
(Electromics Weekly, 20 May 1987)

UK _advince in superconducting

A British company has ed a robust
superconductive material, working at liquid aitvogen
temperatures, which can be used immediately for
certein commercial applications.

The tubular svlenoid, which handles large currert
densities, was developed by Dr. Tavares and his
company Basic Volume. The applicstions claim has been
msde by Dr. James Watson st the Scuthampton
University, vho tested a Basic Volume solenoid.

One of the drawbacks of current superconducting
waterials is that they are brittle and hard to use.
But Basic Volume is claiming i”s material is much wore
durable. "These are the finest ssmples ['ve ever
seen,” Watson said. The magnetic separation of
winersls is the initial spplication identified by
Watson, and a $100 billion market in mining beckoms.

Basic Volume made its claim through the Advanced
Energy Research Institute. This recently formed
private body was set up as a "nev kind of research
vehicle, an invisible college of professors”,
sccording to Leonard Holihsn, AERI's chief executive.
AERI. has also made public s prototype superconductor
quantua interference device (SQID), developed by
Strathclyde University.

The SQID will be used in the detection of small
magnetic fields and works with linuid nitrogen ss
opposed to the conventional supercooling method using
costly liquid helium. Holihan expects thar the
Strathclyde device will slso be commercially applied.
(Electronics Weekly, 22 July 1987)

Canadas:

Superior supzrconductor

Scientists at the National Research Council of
Csnads (NRC) have masde & msjor breskthrough in
ssterials research, defining the stomic structure of s
new superconducting msterial. This revolutionary
waterisl is slresdy foreseen to have applications in
computer science, spplied physics and medical
technology. The superconductor could slso improve the
design and construction of power-transmission lines.

Dr. Yvon l.e Page, 8 crystallographer with NRC,
solved the puzzle usiag X-rsy diffraction. Running
experiments day and night, Dr. Le Page beat out
researchers throughout the world in a race tc analyse
the atomic srrangement of a chemical vhose composition
had been identifed by scientists in the United States
snd Chins juet two weeks before. The superconducting
mate-ial, & yet-unnamed oxide composed of yttrium,
barium, copper and oxygen, loses all resistance to
electricity ot 90 K (-183°C). The relatively high
temperature st which the material becomes a
superconductor maans i% cen be cooled with liquid
nit:ingen at relatively lov cost. (Cenads Report,
Summe. 198/)

The Netherlinds:

Dutch filiip for supercoaductors

Philips of the Netherlands has tormed a team of
25 top scientists to seek a breakthrough in the
development of superconducters for cosmercial
applications. The team, working in Eindhoven in the
Netherlands, Aachen in West Germany and Briarcliff
Manor in New York State in the US, is the first
privately funded initiative in E.rope aiwed to produce
a superconducting material that has no electrical
resistance at room tespersture.

Speaking in Eindhoven last veek, the team's
leader, Piet Bongers, said that Philips would work
closely vith researchers st several lutch
universities. The researchers are to rely on a
technique called electron microscopy to tind the best
combination of materials to achicve their objective.
The compsny will ulso call on applieu physicists whose
wvork on Josephson junctions and simple switching
devices cvuld lead Lo new methods ot producing ou a
large scale supercouducting chips. (This frrst
appeared in New dcientist, Londen, lb June 1Y87, the
veekly review of science and technology)

Seminar cools conductor tervour

Do not, warus 1IBM, place an order yet tor your
superconducting computer -~ there is a long way to gc
before shipping starts. Alex Mueller of IBM’'s Zurich
Research Laboratory, discoverer of hot
superconductivity, brought this note of realism into
the superconductivity hype at s London seminar
recently. The seminar also heard that IBM will not be
reviving its Josephson Junction prograsme, abandoned
in 1983.

According to Praveen Chaudhari of IBM's Yorktown
Heights Research Centre, the problem is not
temperature, but gain, which for the Josephson
Junctions is only a factor of 2-4. As switches they
canrot yet compare with transistors, which show a
signal gain of between 16 and 20. A major invention
is needed betore superconductive logic is practicable.

Instead, IBM is coucentrating its e torcs oun
superconductive interconnectivons - the wiring between
the switches. The critical tactor here 1s oot
voltage, as for switches, but current, untal recently
the bigg=st current was lUU nmps/cm‘, Dut lnn
snnounced in April that it had achieved over
100, VW A-pc/cn‘ at 77 K. Even once s suftficiently
large superconducted current has been attsined, the
ms jor problem of turning the black lumps of
superconducting but brittie ceramic 1nto usable
devices remsins.

18M is developing tecnniques of "spray-psinting”
surfaces with superconducting material, but, says
Chaudhari, "A great deal still needs to be done.”

Simuitsnecusly with refining the processing
techniques, work continues on testing more compounds
for superconductivity and raising rhe stable
transicion Cempersture st which it switches on.

The scientific comaunity is also busy
investigating the physice of hot sup=rconductivity,
and contending theories are proliterating. Alresdy it
seems that the established theory 1s being
re-eveiuvsted. (Computer Weekly, 9 July 1vs7)

More superconducting surprises

Physicists already 1n & high state o excitement
over the discovery ol 8 nevw Ltorm of superconductivily
opersting at relatively high temperatures now have
something else to watch out tor. Accoraing <o
Qi~Guang Luo, of the Chinese Academy ot Sciences, and




Rong-Yao Wang, of Tsinghua University, Beijing,
cobalt, & ferromagnetic element previously regarded as
an unlikely candidate for supzarconductivity, should
indeed be superconducting a” low enough temperatures.

Luo and Wang make this predictioa on the basis of
a study of the electronegativity of various elewents.
Electronegativity is a concept introduced into
chemistry more than half a century ago by the
pioneering quantum chemist Linus Fauling. It can be
regarded as a measure of the pover of the grip an atos
has over the slectrons with which it is asscciated.
Atoms with low electronegativity easily lose their
grip on electrons, vhich can wander through an atomic
lattice, carrying electricity - s typical property of
wmetals.

Metals are good conductors, by snd large. Some
physicists have suggested that all metals should
become superconducting at low enough temperatures and
high enough purities. But there .s no obvious
relationship between conductivity at room temperature
and superconductivity at temperatures of a few degrees
Kelvin.

Some metals that are relatively poor conductors
at room temperature, for example, turn out to be very
good superconductors at the right teaperature. In
their attempt to find out why there is so much
variation in the properties of metais at
superconducting temperatures, Luo and Wang seized upon
electronegativity as an index of just how metallic an
individual element is.

When the two Chinese researchers plotted out the
elements in order of electronegativity, they found
that all the superconductors occur in a band of
ele:tronegativity from i.3 to 1.9 (Journa! of the
Physics and Chemistry of Solids, Vol. 48, p. 4253). By
the usua! criteris, an element with electronegativity
greater than 1.9 is very nonmetallic, whereas an
element with electronegativity less than !.] is very
metallic. The superconducting elements in the band of
interest include copper, silver and gold, all of which
sre certainly regacded as metals in everyday life
(they are all good conductors, for example) but which
chemigts sometimes describe as "inert metals” because
they are reluctsnt to combine with nonmetals, and they
do not oxidize easily.

By this criterion, all superconductors are in »
senge intermediate between metals and nonmetals. If
the idea holds up, cobalt, which has an
electronegativity of 1.7, should certsinly be a
superconductor. This has not yet been tested by
experiment, psrtly becsuse it used to be thought that
no ferromsgnetic substances were superconducting. In
the late 1970s, hovever, some special cases of
ferromagnetic compounds which become superconducting
at low temperatures were found. "We suggest,” say Luo
and Wang, "that it would be worth while tu search for
the superconductivity of cobalt.” (This first
appeared in New Scientist, London, & June 1987, the
veekly review of science snd technology)

Superconductors dig into mining

The discovery of high temperature superconductor
materials is to start as big & revolution in the
mining industry ae it slready has in the electronice
industry.

Rare carth elements, such as yttrium snd ecandium
sre the viral ingredients in the newly discovered
superconducting compounds. Until & few weeks sgo
hardly snyone had heard of these elements and their
uses were fev and fer between. Now the race is on to
wmine these elements which may become a thousand times
mote precious than platinum.

Yttrium and scardium are tound in & mineral
called monazite. Rich deposits of monazite are tound
in the United States, China an. Australis.
Substantial quantities of monazite are also mined 10
India, Brazil and Malaye.ls. ILhe latter tihree
countries and the US have their vwn monazite
processing tacilities and so are well uvlaced to take
advanlage ot the expected bouvm 1n these exexents.

in burope, processing 1s concentrated in Frauce,
Federal Republic of Germany, Austria, bBurway and the
UK. In Japan there are a nuwber ot companies invoiveu
in processing rare earth elements irom various mineral
ores. A mining company in Australia, Allied bneaba
Led., has announced that it plans to build a
processing plant with a capacity to process up to
12,000 tone of monazite & yea-.

Scandium has never been produced or used in
commercial quantities; indeed a single pound of
scandium produced in 1960 had been the largest amount
of scandium ever produced at the time. Yttrium, on
the other hand, has several applications and 1s
recovered from the 50,0CJ tons of monazite and
bastnasite dug up by mining companies each year.
Yetrium's mwost important application before the
discovery of high temperature superconductors was in
neodynium/yttrive aluminium lasers, used extensively
for surgery. {(Reprinted irom Electronics Weekly,

15 April 1987)

Supercomputers

Cray Research's 7¢ per cent strangle-nulu on the
world supercomputer marxet 13 aboul to be seriousiy
threat 'ned by rivals taking advantage of the rapia
advances in parsllel processing techuology. The
threzt facing Cray comes trom at least Lwo Separate
quarters ~ giant Japanese electrunics companies ane
apgressive US start-ups. an assortment of exotic
supercomputer techaologies were beinyg bramdished by U3
hopefuls at the recent world supercomputer exhibition
in Sants Clars, Cslifornia.

Although Cray dominates the market with
70 per cent of all supercomputer sales, nev companies
are attempting to exploit the lower end cf the
market. The demand for supermiricomputers has spawned
s variety of start-up companies touting new parallei
processing architectures that promise Cray-like speeds
atr much lower prices.

Twn Californian companies, Chopp Computer and
Saxpy Uomputer created a stir at the conference by
demonstrating for the first time their unique
supercomputer architectures.

Chopp claimed that its new machine is capable ot
computing speeds lU times higher than any other
commercially available systewm. The Chopp computer 1s
dcsigned tor scalar computations and can achieve a
throughput of <200 megatliops compared tu 1Y megatiops
on other systems. Ihe air-cooles system vill be reaay
for shipping 1n mid-1988 costing about $+ miliion.

Saxpy is slso claiming high computationsl speeds
through the use ot what 1c calls Matrix processing.
This sllows for computational speeds ot between
250 million sand 1 billion operations per second at a
system price starting as low as $896,000.

Californian company Cydrome also showed its Cydra
minisupercomputer, The Cydra 5 uses & dataflow
architecture to schieve high computational speeds
through multiple 68020 Motorols microprocessors.

Low-cost supercomputing power means that
commercial spplications are now feanible. The large
$20 million Cray supercomputers have so far been




restricted to the Government defence and scientific
users that can afford them.

Gene Amdahl, founder of Amdahl and now president
of superminicomputer manufacturer Eixsi Computer, said
that although supercomputer architectures may vary,
there is no reason to -hange from silicon-based chips.

"Gallium arsenide has been the great hope of the
future but silicon ecl (emitter coupled logic) isn't
quite dead yet. In sowme izplementations, silicon ecl
ram chips have faster access times than their
equivalent gallium arsenide devices,” Amdahl said.

The international nature of the conference did
not prevent some dire warnings to US supercomputer
companies about threats from abroad. Peter Patton,
director of the Minnesota Supercomputer Institute,
predicts that Japanese supercomputer manufacturers are
poised for a msjor breakthrough.

He described how the Japanese have designed their
supercomputers to be IBM scitware cowpaiivic. "The
Japanese sre working on using their supercomputers to
run manufacturing processes and create large and
complex engineering datahases that will help improve
the productivity of Japanese factories,” Pstton said.

Jupanese supercomputers have had very low
penetration into the US market because of the highly
technicsl epplications that have been the favoured use
for supercomputers. But Pation now sees the IBM
compatible capacity that Japanese supercomputers have
an advantage. He foresees an embarrassing time vhen
Cray software way have to be rewritten for Japsnese
supercomputers. ... (Computing, 21 May 1987)

The desk-top supercomputer

Electronics engineers at UK's Southampton
University plan to unveil ¢ supercompater this year to
match the most powerful machines now in service, but
which could be produced aad sold at sbout only
one tenth of their price. Designed by
Dr. Chris Jesshope and Dr. Denis Nicole in the
University's Department of Electronic Engineering, it
has been developed as part of the ESPRIT progrssme,
the Europesn initiative st government level which aims
to keep sdvanced technology in Western Europe well
sbreast of that in other countries.

The main reason for the low cost of the
Southampton computer is that it is built on a modular
principle. It is assembled from 350 so-caslled
transputers, each of which is a complete computer in
ministure with its own memory snd an appropriate set
of connections to link it to other transputers or to
other computers, 21l on a single silicon chip of sbout
100 mm* srea. This contrasts with the design of the
Cray supercomputer, for example, which is composed of
four linked mainframe computers.

Transputers sell at about $500 spiece. A
commercial computer built on the Southampton denign
could be sold for around $800,000; & Cray costs
somevhere in the region of $6 million.

So far, such enormously powerful computers are
used in only a few specialized spplications such as
westher forecasting, aircrefc design and some areas of
scien ific research. But reducing the cost of
supercomputing power by & factor of 10 would obviously
open up far more applications and bring supercomputing
pover within the reach of many more potential users.

The transputer has been developed and is being
marketed hy the British silicon chip company INMOS,
EZach carries a processor that can be progrsmsed to
perform various tssks, a memory that contains & large
part of the information the processor needs for ite
job, and all the connections for linking into other
devices.

A single transputer i3 as povertul as an average
full-sized mainframe computer. it 1is sble to pertora
one~snd-2-half million vperations every s:coud. its
citcuitry s as complex as a complete streel map ot
Longon wita all the yas mains, electricity caoles ana
severs superimposed. It wurks taster than cumparable
processors, is easier to progrssme ang 1s wole
compact. But from the point of view of assembly iute
supercomputers, ils most mportant advantage 1is the
ease with which 1t can de lianked te other trausputers
or to other computers with no need for extra
electronic circuitry.

Because of the Southaspton project’s significance
for the future of the company, [NMCS supplied the
University with the first of a new generation of
transputers, the IMS T 800. This model can bandle
decimal points or fractions as well as integers; it
is the first microprocessor to incorporate &
floating-point processor capable of dealing rapidly
with decimal digits on the same piece of silicou as a
cenventional processor handling integers.

In technical language, the IMS T 80U includes 3
32-bit integer processor which is the world's tastest,
with special instructions to support graphics
operations, a b4-bit floating-point processor, four
kilobytes ot fast on—chip KAM and tour standard INMUS
communications links, all on a single chip.

Jesshope and Hey see no problems in linking as
many as 1,000 tranputers 1nto a single computer.
Beyond that, radical redesiyn will be nceded Lecsuse
of the complexities of communication between so many
modules. But there is clearly a vast amount or
developasent potential 1n the present design.

The cost of the transputer is counridentiy
expected to come down as European companies now beyin
to make it a mainstay of their bid for sales in new
areas. The Southampton project is being backed by two
French companies as well as by the UK Royal Signals
and Radar HResearch Laboratory. Half of the
development costs have been born by the LSPRIT
progtamme. French znd British companies (TELHMET and
Thorn-EMI) are expected %o build computers based on
the Southampton design. When these and the
transputers they incorporate come into wide use and
their cost advantages become apparent, it is predicted
that large sales will reduce transputer prices still
further.

Because of their ability to work co-operatively
in parallel on a number of different but related
tasks, transputers are well suited tor use in
so-called parallel processing. By designing computers
which work on & number of tasks simultaneously,
instead of doing everythiing in sequence, JdcSiyners aim
to mimic more closely the workings ot the humau drain.

Transputers are alsv veing assigned to less
futuristic applications, including desk-top
supercomputers, laser printers and what huve been
nicknamed turbochargers where the transputer is used
as an 4dd-on unit to an cxisting system Lo upgrade its
performance. High-pertormance graphics, engineering
workstations and robotics are other sress where the
transputer is already beginning to make an impact,
(British Science News, SPECTRUM, No. 208/1987)

How silicon is going to copy CaAs

Advanced semiconductnar devices based on
epitaxially grown superlattices, quantum wells, and
other exotic structures have so far been largely the
otuff of gallium arsenide. But as silicon devices
move toward the limits of conveational bulk
structures, the ssme kind of epitaxial device work may
soon be done in silicon.

One major indicator comes from Perkin-blmer
Corp.’'s Physical Electronics Division. In Novemoer,




the Eden Frairie, Minn., manufacturer of
wclecular-beam—epitaxy systess plans to become the
first US supplier of molecular-beam—epitaxy equipment
designed for silicon research. The division is
building five prototype modules tor delivery b_tween
Novesber and mid-1988. The rechnology will be a
standard option for its modular 30 MB: series.

The Ferkin-Elmer entry comes at in opportune
time. Silicon molecular-beam-epitaxy research is
unier way st a number of universities and at firms
including AT4T Bell Laboratories, AEt-Telefurken, IBM,
and Texas Instruments. The researchers are looking
for a way to circumvent the 0.8-xm barrier expected to
stop the advsnce of conventional silicon devices.

That interest also exter's to the Defense
Department. Perkin-Elmer's first module will go to
California Instityte of Techs. . .gy as part of an
extensive 43U system that includes separate modules
for ILI-¥, II-VI, and metals epitaxy, plus electron
spectroscopy for chemical anaiysis, all linked by
transfer tubes to pass wafers among mndules within the
system’s ultrahigh-vacuum environment. The system was
funded to the tune of $1.6 million by the Defense
Advanced Research Projects Agency and the Office of
Faval Research.

Unlike systems used for ILI-V compounds such as
GaAs, silicon molecvlar-beam epitazy requires
electron-beam evapotators. CLompared with resistance
heaters used for flux generation at oLUOC to
1,100°C in the I1[-Vs, the e-beam guns can hit the
1,3009% to 2,000° needed to provide an adequate
flux with silicon, a low vapour-pressure material,
szys Peter Chow, Perkin-Elmer staff scientist.

Perkin-Elmer isn't the only one to spot the
opportunity. The Riber Civision of Instruments SA in
Ryeil-Ma!mason, France, entered the silicon
molecular-beam—epitaxy market two years ago, while VG
Sewicon Ltd. of Sussex, UK, has supplied equipment for
use with silicon for several years.

In fact, next month VG jemicon will deliver to
Bell Labs a silicon MBE system believed to be the
first cae to accommodate multiple wafers, Based on a
patented AT4T design, the system can handle up to
fifteen )-in. wafers or seven 5-in. wafers.
(Reprinted from Electronics, 25 June 1987, (c¢) 1987,
McGraw-Hill Inc., sl rights reserved)

Uniting silicon and gallium arsenide*

Silicon is plentiful and easy to work with, but
its shortcomings are becoming increasingly evident.
It cannot practically be made to emit light, 32 it 1s
useless for making the lasers and LEUs that form the
heart of fibre optics, optical disc readers, and
future optical computers. 35peed is asnother
limitstion. Silicon devices perform poorly or not st
all at microvave frequencies (nften tens of
gigahertz); in digital systems, silicon’e relative
sluggishness puts a ceiling on the number of bits per
second that a circuit can handle,

Callium arsenide shines where silicon slumps.
Electrons arc about five times as mobile in CaAs as
they are in silicon, resulting in proportionately
higher operating speeds. Moreover, GaAs devices can
emit light, withstand higher temperatures, and survive
higher doses of radistion (such as the alphas particles
emitted by some electronic packaging wmaterials).

Among the letest digital GaAs circuits sre ultrafast
memories and "'gate array” chipe, which users can
configure into high-spered number-crunching elements.
Supercomputer manufacturers are testing these devices
in preparstion for their next-generation systems,
which will employ GaAs for some crucial functions.

* By Johr G. Posa, High Technology, March 1987.

Unfortunateiy, Lans t.as i1ts oun ~evere
dravbacks: 1t 1is diftacult to produce and to wurk
with. whereas silicon crystals czn De grown six
inches in diameter land erghi-inch crystals are i1a the
ntting), Lans 1ngols yiela substrates varely Cuaree
1nches in diameter. And unitke nard, s:ivery siticon,
gER¥IsSh Lans is solt anc tragile, tending ta breax
during sliciug, scratch during pulish.ag, and crirp
during haudling. Typically tewer than halt ot the
wafers remain intact. Such difticulties have kept
gallium arsenide expensive; 1its use tor large
integrated circvits has been limited mainly to
miittary systems in which high speed and radiation
hardness are essentisl.

But recent developaents sugges: that gallium
arsenide will ride into the commercial mainstieam
literall: on the back of the now dominant
semiccnductors. The coancept is simple: deposit Gaas
on top of silicon to reap the advantages of both
materials., The resulting vafer; would cenbine the
speed snl optoelectronic properties of Galis with the
mechanical ruggedness of silicon. And almost
overnight, the process could doutle the diameter of
CadAs starting materials from three inches to six, with
an attendaat incirase ia production throughput. with
silicon as a stronger base material, gallius arsenide
substrates could be processed with lar tewer damaged
during production, ane could be mure casily handles oy
automated touls such as rotot arms.

Although a0 Laas-on—d1 devices have nit tae
market, o tIVIiLy 1S Wildespread; commercidiization
seems likely during tne next lo montas. lexas
instruments recently built a l-xilovit wemory in
Gaas-on-51 that pertormed :denticaily to versions magde
with straight LaAs. Stsrt-up company mopin, a
spin-off of MIT, promises production vl Lvars-on->1
wafers sometime this year. WNearby, voth tlc
Laboratories and Spire are building solar cells in
Gaas=0on-5i. The two materials absorb slightly
different portions of the sun's spectruw, so i»f they
work together thev might convert as much 1s
30 per cent of incoming light into electricity - about
twice the efficiency of conventional silicon solar
cells.

And the trend toward growing one electronic
wmaterial! on top of another won't stop with
GaAs-on-Si. Already, great progress is being made iu
depositing other materials on silicon - and on
GaAs-on-silicon. Ford Aerospace § Communications, for
instance, 1s working with such muit.layer striuctures
in order to increase the size of intra-red delectors
used in many wilitary systems. The active ingredient
in these Jecectors - mercury cadmium Lellur:de
(HgvdaTe) - works best 1f Jdeposited ont. cagmiua
telluride (Udle); unfortunstely, 1t is extremely
drfficult tu tavricate large, high-quality cdle
waters. Ford sttacks the prodlew Dy starting with <4
sturdy silicon toundalion and coating 1l wWilh Lans, 3
material with which LaTe 18 wote cowpatiple. ule ts
grown on top of the Gars, and Hyudie on Tup of that.
Not only can Ford produce bigger sensors this way, but
the silicon in the resulting device could be used tor
signal-processing circuits.

When GaAs and other materials are cowbined with
silicon, each material can handle the tasks it's best
suited for. Inte.ligent camera imagers or flat-panel
displays, for example, could mate nonsilicon picture
elements with silicon image~processing circuitry. And
in fibre optic telecommunicstions, lasers and light
detectors made of gatlium sarsenide could team up with
silicon circuitry that handled memory and signal
processing chores, all on the same chip.

Taking A step in this direction, researchers at
HMIT's Lincoln Laborstory recently reported the
integration of & Lahe light-emitting diode ans &
silicon transistor on the same silicon substrate.
Such & combination permits very-large-scsle ICs to
communicate with each other optically, svoiding the




electromagnetic interference that plagues electrical
interconnections.

. An extension of this woik could result in a
single~chip repester for fibre optic communications.
Light from the fibre would strike a silicon
photodetector; the resulting electronic signal would
be amplified and perhaps reshaped by other siliconm
signal-processing elements, and Lhen fed into the GaAs
laser, which would launch a light beas into the output
fibre. An optoelectronic chip with several inputs and
outpuls couid serve 8s 3 crosspoint switch to match
parties on the telephone network.

While CaAs-nn-Si devices hive been demonstrated
in the laboratory, several major technical probleas
are impeding attempts to launch thes into the
marketplace. Among the biggest difficulties:

. Silicon oxidizes easily. In conventional IC
fabrication, the ready formation of silicon
dioxide (5i02) is helptul; the oxide can be
eiched to produce insulating layers and masks
during device fabrication. But in order fcr
GaAs to adhe e, the oxide must be stripped
avay to ex: 3= & bare silicon substrate.

. Gallium ars:nide expands with hest sbout twice
as fast ss silicon does. Thus the cocl-down
to room tempersturec after the high—temperature
deposition of GeAs results in a bowed wafer.

. Gallium arsenide can grow in two different
orientations, or phases. In some areas of the
substrate, gallium atoms are the first to
altach to the silicon; in other aveas,
arsenic lands first, When islands of Gass
from the two types of starting pcssioilities
meet, gallium will hit gallium a2ad arsenic
will hit srsenic. These "antiphase” defects
hinder the flow of current.

. The atoms in a crystal of GCaAs are sligntly
farther spart than those in silicon; at the
intertace there are abjut 2¢ gatlium and
arsenic atoms for every 25 silicon atoms.
This lattice mismatch accusulates during
growth, causing defects.

One way to lessey the effcct of the difference in
atomic spacing between siliron and gallium arsenide is
to introduce a buffer lasyer of a third material.
Germanium, for example, forms a strong alloy with
silicon, and its crystal lattice matches that of
GaAs, Germanium interlayers have been widely
studied - at the University of Il1linois (Urbana), the
Tokyo Institute of Technolcgy, and Pippon Telegraph &
Telephone, for example - but the technique is fall:ng
into disfavour in part because germanium stoms tend
to diffuse into the CaAs layer, causing undesirahle
changes in the material’s electrical behaviour.

In another approa:h, researchers at lagoya
University separate the GaAs from the Si by a stack of
thin layers, each differing slightly in composition
from itas neighbours. They deposit on silicon a layer
of gallium phosphide (CaP). Then comes 8 series of
extramely fine lay:rs of CaAsP, each containing a
higher ratio of ersenic to phnaphorus, until at the
top the material is pure GaAs. This "s’rained-layer
superiattice” graduaily relaxes the large lattice
mismatch arisany from the unequal atomic spacing.

But the edvent of new direct-growth techniqiirs
may eliminate the need for such superlattice
structures. Oki Electric (Tokyo) uses a simple
two~atep growth procesa: a relatively thin GaAs layer
is grown or, the silicon wafer at about 4507C; rthis
Ilayur does not possess good cryatslline quatities, but

it provides a siagle strained bond between the silicon
and a thicker GaAs film that 1s deposited on top of
tt. Oki has fabricated transistors and LEDs on wvafers
narie with this process, and has found that such
devices parform identically to those made with pure
Gads wafers. GTE Laborzatories has developed a

similar process, and aims to use Gads-on-Si to build
solsr cells, high-speed transistors, and digital gate
arravs.

Most Gads-on-Si tabrication irvolves one of twe
fabrication techniques: wolecular beam epiriaxy (Mbz)
or metalorganic chemical vapour deposition (MULVL).

In MBE, a silicon wafer is heatea inside an evacuated
stainless-stee! vessel. within the chamber are
shuttered celle containiryg the elements that are to de
deposited - that 1s, galtiuw znd arsenic. VUpenin, tue
shutters permits atoms te escape trom Che container;
some of them tly toward tne wvater and adhere to 1its
surface. ln MUCVU, by comtrast, the silicon water
S1ts in 3 container &t or rear atmospheric pressure,
and the elements tor depusition are contained in such
compounds as arsine and trimetnyl gallium. teat

from the wafer dissociates the compounas;

the molecules' metallic constituents (ygallium

and arsenic) stick to the wafer while the remain:ng
portion is exhausted a3 hydrocarboms and hydregen

gas.

MBE is an extremely powerful tool that can grow
just about any material onto eny other material with
extreme precision. The process has several drawbacks,
however. For one, the machines are expensive, costing
upwards of a million dollars. Also, the need for
radically low pressures reducas throughput; even Lhe
fastest MBE machines process only a tew small waters
&t a time, whereas some MOLVD systems can hangle
10-20 wafers at once. Thus while MBL will continue to
be used as the proving ground fcr new Gais-on-5i
structures, MUCVD appears descined to become a
production workhorse.

altnough Mbe and MULVL can aepusit ‘recise Iilms
to ease the latrice mismatch between stlicon wnd
gallium arsenide, they do not allevizte tue materials’
thermal incompatibility, which remaing a major hursle
to commercialization. Uans-coaled silicon waters
sometimes bow to a radius of curvature as stall as
5.5 metres, according to Koss L. pean, principal
scientist for advanced semicounductor techuoloyy at
Ford Aervspace; ordinary silicon waters, he says, are
10 times as flat. The warped witer 1s prone to cracks
and breskage. As one possible solution to this
thermal mismatch, Bean proposes growing GaAs only on
those portions of the silicon wafer that will be
occupied by the circuitry; GaAs could be efched away
from all other areas so that warps would nout
accumulate.

Fven when fabrication problems ate solved, there
are some applications for which CaAs-on-5i will not be
suitable, at least not right away. This exclusion
applies, for example, to devices that rely on the
conduction of positively charged "holes” ax well as
negatively charged electrons - a category that
includes certain types of efficient solar cells as
well as bipnlar transistorr. Tue problem 1s that the
stresses created 1n the Lans layer torm sites where
electrons and holes recombine, degrading device
performance.,

Another area wirte Lank=on-b1 mizht not soon
compete with bulk Lans 58 extremeiy-high-ireyuency
analog citcuscs such as millimetre-wvave Ctansistors.
Theae Jevices requive a haghly resistive substrate
material mo that current does not b eed trom one
device tn annther on the sare chip; silicon 1s more
conductive than Gans and so leada to poorer
performance,




And those who ave sceptical about the future of
GaAs-on-5i cite the fate of an earlier technology -
silicon-on—sapphire (50S). Such devices were touted
as superfast and radiation-resistant alternatives to
plain silicon circuits. Despite valiant attempts at
commercialization by RCA and other companies, S0S
remained too expensive frr its speed advantage, and
the technology was relegated to costly aerospace
programmes.

Unlike SOS, however, GaAs-on-Si offers features
that are attractive for larger markets. Kopin's
President Psul Smith predicts that marrying the two
premier semiconductors "might finally bring gallium
arsenide into commercial viability”. Gallium srsenide
on silicon, he contends, could garner up to
35 per cent of the GaAs substrate business. Moreover,
GaAs-on-Si wafers may have half the defects of those
in conventional gallium arsenide production. With
silicon as the substrate, Smith maintains, yield could
soar to 70-90 per cent; and with breakage less of a
problem, GaAs chip mskers will eagerly use larger
vafers. Smith ssys that Kopin will offer six-inch
vafers of GaAs-on-Si at a price competitive with
three-inch gallium arsenide wafers. (Heprinted vith
permission, High Technology Magazine, March 1987,
pp. 39-41. Copyright (c) 1987 by High Technology
Publishing Corporation, 38 Cor '-cial Wharf, Boston,
MA 02110, USA)

Wetware

Asshi Chemicals of Japan is planning to lsunch a
connectionist speech-recognition device. Nestor, an
American company, has developed a neursl device which
can read some handwritten texts directly irto
computers. Synaptics, another American company, has
produced & neurasl device which imitates the retina of
the eye. ATST Bell Laborstories has built an
electronic circuit which has 512 neurons on a single
chip of silicon. The European Commission has
announced 8 programme for the development of a
neurocomputer. The California Institute of Technology
has produced an experimental pattern-recognition
system as a first step toward an optical
neurocomputer. TRW is slready marketing s
neurocomputer in the US and is poised to release
another.

Developers involved in these programmes and other
researchers in artificial intelligence are attempting
to build machines which model the processes of the
husan brain by wmimicking its anatomic structure of
dencely-packed cells, or neurons, and synapses, or
brain-cell junctions. They are hoping that these
machines will eventually be able to organize data
using rules that have been developed, through
learning, by the mschines themselves.

Host experts sgree that the wetware of the human
nervous system functions as if it were a perallel
computer. It contains no centrsl processor:
processing power is dispersed throughout the network
of cells. Each neuron, vhich is connected to as meny
as 1,000 others, collects, combines and prucesses the
nignals it receives until its resting threshold is
exceeded. It then merely fires output to other
neurons, which aggregate inputs in turn. Although
they switch perhape one million times as fast as
neurons, transistors on chips do not have this
capability to sct as sluice gates.

Prototype neuron netwvorks use amplifiers to
replicate tZe neuron core of the brain and algorithme
to determizie hov each pseudo-neuron will process
data, Incoming lines for other cells are run through
s set of capacitors and resistore that control the
neuron resting threshold.

Neuron networks are able to learu by 1mproving
the efficrency of counections as they are used. 3JSowe
researchers use network energy as the criterion ot
learning. As with neuron synapses 1o the brain, the
net voltage ot each neuron chauges in response to
input signals from connected cells as data are ted
into the system. This collective moaification
continues until the entire network reach=s an
electrical equilibrium, the sign that it is close to
solving a problem.

Uther researchers use the back-propagatior of
errors as the criterion. In this method, the
neurocomputer compsres each solution with the expected
answver, corrects the errors, seands the error codes

back to the layers of processing cells hidden in the
wmachine, and tries agaln.

In both cases, each neuron in the system modifies
its own equations. The researchers do not know
exactly how this is accomplished, nor are they able to
predict exactly where the machines will store
knowledge, but, as in the human learning process,
neursl networks are already programming themselves.
(Bulletin LBIPRESS, No. 130, 31 May 1947)

Developments 1n biosensors

Une ares ot biotechnology currently attracting a
g09d deal of attention is that of biosensors acd
assocliated developments in molecular electronics.

Biosensors are devices which reg:iscer electrical
signals as a result of biochemical reactions. Enzyme
electrodes, the most common biosensors., use molecular
mediators to shuttle electrons between the catalyst
and the electrode surface.

To date, cnly one compound, ferrocene, and its
derivatives, has been able to satisfy the criteria for
a successful medisztos: namely chemical stability, low
toxicity and the sppropriate redox potential.

However, Tony Turner of the Cranfield Biotechnology
Centre told delegates of a new compound,
tetrathiafulvalene (TTF), which in tests has shown
certain advantages over ferrocene. For example, it is
more pi sensitive and less oxygen sensitive.

Turner expressed hope that TTF would be able to
ceplace ferrocene as a mediator for amperometric
biosensors, the only biosensors commercially
svailable.

Biosensors are currently finding applicetions in
the aress ot blood analys:s, fermentation snalysis ana
food analysis. (n additjon to their use in enzyme
electrodes, mediators can be used 10 UNa probes and
tor immunosseay enzyme amplitication.

On the subject of aolecular electronics,
Professor Peter Day ot uxford Univers:ty told
delegates that savances in the reduction 1n size of
electronic components had put them on a par with
certain biological components, e.g. viruses,

Explaining thet silicon-based technology was
reaching certain limits imposed by, smongst other
things, the sensitivity of microscopic components, Dsy
outlined the advantages mnleculsr conductors promised,
including their sensitivity to impurities, their
self-assembly properties snd their potential for
high-density pascking. Molecules also offer the
advantage ¢ being able to work in thiee dimensions.
However, Day explesined that resesrch on molecular
electronice still faces several obatacles. The
synthesis of molecular conductors, "heir chemical
stability and their stability to heat are atill
problem aress. (Chemistry and ladustry, 1 Juune 194/)




A 16—megabit memory chip frowm Japan

Just as dynsmic randow—-sccess memory (DRAM) chips
storing 1 million binary bits of information begin to
enter the market in large nusbers, resesrchers from
Rippon Telegrapt and Telephone's (NTT) Atsugi
Electrical Communications Laboratories near Tokyo have
leaped shead two generations with the introductiom of
a DRAM with 16 times that storage capacity.

The announcement vas made at the International
Solid-State Circuits Conference in late February in
New York, where five other Japanese companies snd IBM
also discussed 4-megabit (4-Md) chips. Three other
firme introduced expecimental 4-Mb DRAMs at last
year's conference. None of these advanced DRAMs are
yet ready for production, but they indicate the types
of microcircuit technologies future cosmercisl
versions will feature.

The Japanese domination c¢f the session devoted to
advanced DRAMs suggests their continued control of
this segment of the integratei circuit industry.
Japanese firms last year reportedly made 65 per cent
of the DRAMs sold in the United States, where the chip
wvas invented, and held 80 per cent of the world
market. Becsause DRAMs are a high-volume product where
new technology often sppears first, leadership in
their manufacture is often taken as s marker of
overall position in a highiy competitive business.

Concern in rhe United States over loss of
leadership is at a peak right now. Last week, the
Semiconductor Industry Association, which represents
American integrated circuit makers, anuouncei an
sgreement to establish a joint research and
development consor:ium to be called Sematech for
Semiconductor Manufacturing Technology Institute.
Although funding arrangements for the venture are yect
to be vorked out, most proposals call for substauntial
federal contributions to an anaual budget that could
be in the neighbourhood of $30U million. Earlier this
year, the Pentagon's Defense Science Board released a
report calling for more than $1 billion of federal
spending over five years on microelectronics, much of
it focused on DRAMs.

A November report from Brookhaven National
Laboratory outlined a specific plan for the
development of the advanced technology needed for
future generations of DRKAMs. The result of a series
of workshops with participation by Brookhaven,
industry, send scademic researchers, the plan
highlights one role that US nstional laborstories can
play in aiding industry. In particular, it focuser on
the use of synchrotron radiation for the X-ray
lithography that could imprint circuit patterns with
minimum feature sizes of 7.25 micrometer. Cost would
be $395 million to be spent over six years. ...
(Science, Vol. 235, 10 July 1987, p. 1,324)

Memory chips take on finer dimensions

An American compsny claims to be well on the way
to producing s transistor. According to computer
maker IBM, tranmistors with components one tenth of &
micro scross could be used to build memory chips
capable of storing one billion bits - & gigabit - of
data.

The present one megabit memory chips are made
from lines one micron wide. The next generstion of
memory chips, 16 megabit chips, will have dimensions
of half-s-micron. At present the parts in LEM's
experimental transistor very between a quarter snd one
tenth of a micron (a thousandth of & millimetre), but
IBM maintaine it is ahead of ite rivals in the
miniaturization game. The company's scientists are up
agsinst viiat is known as scaling theory, which

predicts the points at which parts get so small that
they vwill not work any wore, For instance, at & tenth
of a micron, the voltages needed to switch a
transistor would also dsmage them.

At lov temperatures, smailer voltages -e needed
to switch a transistor. 1IBM has had to cool its
devices in liquid nitrogen to get them to wvork.
Fabricating trasnsistors of sizes around one tenth of a
@icron is not easy either. (BM has had to develop its
vwn electron beam machines to inscribe the small ana
complex patterns on silicon. ...

The laboratory transistors are a-channel metal
oxide silicon (MMUS) transistors. 1BM plans to apply
i1ts shrinking techniques to cowplementary-channel
{LHOS ) chiips which vork in s difterent way from tie
NHUS chips, but are faster at swilchiug. lon
acknowledges it will have to improve the techniques
used to transfer chip designs to silicon still further
if it is to produce what is called a tully scaled chip
(one in which all elements measure s tenth of 8 micron
or less scross). (This first appeared in New

Sciencisg, London, 20 August 1987, p. 27, the weekly

review of science and technology)

III. MARKET TRENDS AND COMPANY NEWS

Winds of change sweep the industry*

A massive restructuring is now sveeping through
the worldwide semiconductor industry, causing as
profound and dramatic a series of changes as the
business has ever experienced in its short but
tumultuous history. Buffeted by the need to keep up
with rapidly~changing technology on tiie one hand and a
host of dangerous economic and political torces
popping up on the other, wany chip makers tace what
amounts to a do-or-die struggle. as a result, tne
industry will look vastly different by the year iuvuu;
and along the way, chip makers will have to maxe 1t
througn at least two severe dislocations.

By the early 1¥90s, the ewmergence of nignly
sophisticsted computer-aided-desigu tools will cause
further restructuring when it becomes possibie for
nearly every potential user to develop nis or her own
circuit and then farm out the design to a foundry to
fabricste., Then, by the late 193Us, the industry may
have to face 2 restructuring at least as significant
as the shift of the main integration vehicle from
bipolar to M0S in the late 196Us. Indeed, if the
increases ir circuir complexity are to go on, it may
be necesssry to shift not only to s totally new
transistor structure, but to new materisls.

The basic factor that chip makers mus” face up to
is that as chips grow more highly integrated, they
look mor.: and more like systems than components. The
upshot is that the long-established importance of
standard chip products erodes, and semi-custom or
application-specific integrated circuits become more
and more important. Although stundard commodity chips
otill account for well over half of the units shipped,
they generste only about half ol the industry's
revenue, by some estimates. More and more, the money
is in semicustom parts and Asils,

1t 18 cosmonly believed within the Us industry
that the Japanese drive tor major market share 1s tue
major factor behind the wrenching changes that it is
going through. That drave obviously is having strong
shore-term effects, but the technology itself is
behind the more fundamental, long-term shifte that cen

* Excerpted from a Special Semiconductor Issue
in Electronice, 2 April 1987,




slready be seen. With standard products losing their
dominance, the merchant IC companies will decline -
unless they capitalize on the anowballing ASIC trend.
But to do that, they must forge the kird of
relationship with customers that ASIC houses
pioneered: very close ties emphasizing large smounts
of service.

The design process also must change radically,
with more of the design being done by the customer
with CAD tools, and with the design task focused more
and more narrowly on specific systems or niches within
the marketplace.

Because of these nev imperatives, s landscape
once dominated by a few manufacturers that pioneered
in the technology can now be seen as a spectrum of
many types of chip wmakers - at least in the US - with
companies clustered in four sain areas: the
traditional merchant IC houses, the vertically
integrated conglomerstes with captive semiconductor
operstions, ASIC specialty Louses, and the group of
niche specialists who either focus on an area of
design expertise or on a targeted process expertise.
The wmembers of each of these four groups each bring
their own brand of strengrhs to the new ball game, and
they esch face a unique set of challenges. ...

The lines between these groups are not always
clearly drawn. Intel and National Semiconducter
Corp., for example, have ASIC operations and sre
expanding their systems activities. The semi:onductor
arms of Motorola Inc. and Texss Instruments Iirc. have
alvays been more or less sutonowous segments of
vertically integrated systems houses. And NCR is s
leader in the standerd—cell ASIC fie:d.

Companies in all of these groups are struggling
to stay on board the fast-moving roller-coaster of
technology. And they wust deal with an acrray of
limiting economic and political factors that will
deterwmine the new shape of the industry. Amsong the
foremost is the increasing cost and wmore rapid
obsolescence of capital equipment. Autowated
submicron fab lines cost upwards of $100 willion and
way have a useful life of only two or three years. By
the lste 1990s, calculates market researcher Dataquest
Inc. of San Jose, Calif., a fab line will have to
produce $650 million in snnusl revenue to ji.stify
itself.

Another key development is the shift ¢f the bulk
of IC production and consumption to Jspan an' the Far
Esst, U.S. companies have tried a variety of methods
to win greater entry into Japan - from sllisnces of
every stripe to a trede dispute of wmajor proportions.
Their inability co gain eutry in any large wra:ure, or
to stem Asian dominance of US commodity ma "~'s, has
profoundly affected the strategy of the US . “chant
chip makers.

Becsuse they are effectively shut out of the
Japanese market, these companies are turning to making
advanced niche products with higher selling prices,
notes Cene Norrett, head of Dataquest’'s semiconductor
service. "Commodity products sre gone,” he says.
"Japanese companies will maintain their closed market
st howe and sacrifice chip profits to support their
verticelly integrated structures. US companies will
make high-end chips like digitsl signal processors and
sell thew to each other.”

The alliances are one sspect of s consolidation
that is picking up speed. Another sspect is the
incressing importsnce of joint projects, such as
Sematech, the proposed manufscturing consortium,

Beyond that, mergers sce expected to reshape the
induetry. ...

Lt is in this cootext that the traditional it
merchanls are trying to survive and the cever
technology-driven companies are attespting to gais a3
foothold. Most executives at mainstream companies
agree that the trend towsrd higher integration is a
major challenge to makers of stancard lis, vecause the
mote integrated the chip, the more system—specific or
aspplication-specific it mwst theretore be. They
acknowledge that their companies ire slower than the
specialty houses to react to the trend. But they say
they are attempting to develop focused strategies -
such as starting ASIC divisions - while at the ssme
time maintaining a broad product line.

The big companies acknowledge that commodity
products may have turned into a losing game. But they
insist that standard products will remain parasount,
and that niches can't stay hidden tor long. Therefore
the merchants are putting top emphasis on developing
proprietary standard products, while miny of them move
cautiously into ASICs.

And where the small newccmers make great claims
for their intimate relativunships with customers, 1l
and the other sajors can oiter oune-stop shopping. all
ot the big merchant IC sakers claim their customers
want to cut the number ot suppliers in order to
improve quality and recuce their paperwork.
Consequently, systems houses are reducing the number
of their suppliers, and the ettect on a chip maker who
doesn’t make the cut is severe.

The majors offer deep product lines. Motorola,
fer example, is buying dynsmic randow—access-smesory
dice from Toshiba and even is getting back into DHAM
production itself so that its sslesreople can carry a
complete portfolio. National also has put top
emphasis on the design of standard VLSI chips.

Getting into ASICs is forcing the majors to
rethink their operations. The big merchant houses
haven't been willing to allocate sufficient resources
to provide the kind of s.pport ASICs require, and in
addition big-company buresucracies defeat the whole
point of ASICs: fast turnaround. Motorola therefore
has isolated its ASIC operation and has made it into a
quasi-independent unit.

While they change directions, the older chip
makers may Sraw on their arsenal of patents to keep
the newcomers at bay. Suddenly, "intellectual
property” has become ot tsr wore than intellectual
interest. Encouraged by TL's success in extractin,
DkAM royalties tros Japanese suppliers, the merchants
are, in the words ot lntel’s Moore, "awskening to a
nev opportunity”.

"a lot of new entries don’t have s patent
position,” Moore says bluntly. "Some companies could
be shut down. Patents and copyrights will change the
ground rules in tavour of big, established companies
that have developed intellectual property.”

Rodney Smith, president and CEO of Alters Lorp. in
Santa Clars, Calif., agrees that intellectual property
is the key to future success in the industry - but mot
just for the big, established companies.
“manufacturing is no longer an art,” says Smith, whoee
company has no fabricstion facilities of its own.

"The real sdded value is in architecture, design, and
tescing.”

As the merchant [C houses lumber into place, the
ASIC early birds sre slready jusping shead with the
next generstion of tools for design, simulstion, and
tayout. This kind of sdvanced engineering and the
service with which it is supported remsin thear edge;
ASIC companies make it essier tor their customers to
design complex systems. With thece tools and the veiy




nature of their business, the al!” nouses sre best
able to cspitalize on the central problea of
increasing integration: as the chips get more
complex, they look more and zore like the system they
implement.

These companies are expsnding in twe directioas.
They are spinning off customer designs into standard
products, and they are developing their own complex
macrocells, such as LSI Logic's multiplier/
accumulator. But the principsl strengths of companies
like LSI Logic remain in their ability to wake use of
higher levels of integratiom quickly, acd to provide
customers vith sophisticated design tools and
fast-turnaround service on designs.

Even as the ASIC houses distance themselves from
the mainstrean companies, they are finding competition
from the nev breed of niche companies. These
companies also emphasize service and advanced
engineering. Yet because they are specialists in one
design area or process technology, they can
concentrate their resources. At Weitek snd Brooktree,
for instance, that ares is product definition and
design. Aad because these nevcomers do not bear the
crushing burden of replacing expensive fab lines, they
can spend more mouney on technical support, sales, and
mirketing. At Weitek, in Sunnyvale, Calif., there is
one applications engineer for every field sales
persou — vhereas large IC merchants way have one
engineer for every 16 salesmen.

Having & vafer—fab line requires a company to
scramble all the time to keep it operating at
capscity, says Brooktree president James A. Bixby.
Without a fab liné, the Saa Diego company is free to
focus on product definition and design, which Bixby
considers the industry's fundamental art. Success at
design innovation grows from close relationships with
custoears, he says.

But not all of the newer compsnies avoid owning
fab lines, and some of them even specisiize in it.
For exsmple, Cypress Semiconductor is known for a
flexible high-performance process and s fab line
implementing it that can sultiplex 75 different
producis, including fast 35-ns prozrasmabie read-only
memorizs and 15-ns RAMs.

One of the strengtl.s cf the small niche
companies - 8 close relsationship with the customer -
is also & hallmack of vertically integrated systems
houses vith their own IC operations, such as NCR,
because the customer is very often within the
company. And the other big advantage of the
verticals - the deep pockets of the psrent
corporstion — i3 taking on more and more importance.

The Japanese chip mskers sre the quintessential
vertical companies. But unless they change the way
they do business, says T. J. Rodgers, president of
Cypreess, they will not be able to compete in the new
markets, vhich are dominated by niche products and
system—specific solutions. US merchants have
sufficiently diversified product lines to survive, he
ssys, but the lapanese sre too slow-moving and too
averse to taking riska to compete in such markets.

That situstion may not last. Dataquest reports
thst the Japsnese sare turning avuy from volume
manufacturing snd sre investing hesvily in KeD for
lesding-edge technologies, such as 16-Mb DkaMs, 32-bit
wicroprocessors, three-dimensionsl CAD syetems, expert
systems for designing VLS circuits, new materials
such ss galliue srsenide, snd bioelectronice. Between
1984 and 1988, Dsrsquest says, Japanese manufacturers
will have opened st lesst 80 basic resesrch
laboratories end spent an avesome $2 billion on them.

-l)_

Moreover, an incressing number of US startups are
trading technolegy to Japan for capital, sanufacturing
capacity, and market access. And shifts in low-end
manufacturing to other Asiasn countries ave driving
Japanese companies into direct competition with the
US companies in th: market for chips with a higher
level of design-value content than such chips as
commodity memories have. That's one reason for the
increasing atteation US companies arc giviag to the
protection of intellectual property, Dataquest says.

Becsuse of their internal synergies and their
financial strengths, iategrated companies are widely
seen as the best equipped tu survive in their curcent
form until the yesr 200¥. It 1s not surprising, them,
that traditional US semiconductor sanutacturers are
looking to emulate these streugths. Auad there is more
than one route Lo vertical integratiom.

The now—aborted attempt by Fujitsu Ltd. to take
over Fairchild Semicuaductor Corp., ana Thomson Ldt's
acquisition of the remains of Mostek Corp., are
examples of moves toward the classical vertical
model. But vertically integrated IU companies have
never done well in the US; they have not been able to
integrate the volatile chip operations with the broad
interests of the parent companies.

Another path is being blazed by Intel and
National Semiconductor. They are turning themselves
into a2 new kind of vertical organization, a systems
outgrovth of an IC company.

Even horizontal integration migit appear, with
large IC houses acquiring smaller ASIC houses and
becoming corporate hubs for satellite operations.

Another survival strategy is co-operation. The
merchant houses have turned to the government, looking
to the Department of Lefense for help and to Congress
for some way of sccommodsting joint 1udustry projects
by bending the antitrust laws. The manufscturiag
consortium the chip makers have pruposed, dematech, 1s
supposed to put US companies on a par with the
Japanese in manufacturing. 1lne big question is
viiether Semstech can unite an industry that has alweys
prided itself on its diversity.

Tais diversity has aslways been one of the
strengths of the semiconductor industry, and it's
likely to halp merchant houses, aSiv suppliers, cesign
and process specialists, and vertically integrated
giants all live to see the year 200U. There are many
strategies for survival, and the companies that
successfully carry theires out may look very different
than they do now - but they'll still be around.
(Reprinted from Electronics, 2 April 1987, (c) 1987,
McGrav-Hill Inc., a1l rights rescrved)

The look of the industry in 2000

It hes never been essy to predict where the chi
makers are heading. But long-term technoloygy trends

still foretell the most. With much of the technology
that will be in place by the turn of the century
already in vsrious stages of development, the picture
for the yesr 2000 emerges. By thea, the 1ndustry will
be completely redetined 1n terms of its structure, the
participants, and, wmost 1mportant, the way picau~ts
are designed, wanutactured, and warkated.

The semiconductor wotld will be divided i1nto two
cempe, each wvith its own distinctive set ot ssrket
characteristics. une will produce high-vuluse
commodity parts, and the other the wany furms of
semicustom chips, including system-, customer-, and
applicntion-specitic integrated circuils, as vell as
other parte targeted st low-volume market niches. Tlne




commodity side of the industry, which will be in the
hands of a relatively few players, will focus more on
lov—cost manufaciuring than on int=sraction with
custometrs. The semicustom side vill represent s
completely different way of doing business, with
especially close customer relationships and high
levels of service and support. Om this side, the year
2000 will see a free-for—all with every type of chip
maker — from the gisnt commodity producers to the timy
design house - still in the fray.

Some industry observers see the semicustom side
of the business becoming overvhelmingly dominant by
2000, and commodity parts very nearly disappearing, as
higher levels of integration and ~asy customization of
chipe lesd to s vorld populated by highly
individualized systems on chips. Even memories asre
beginning to be application-specific in nature, they
point out. The noncommodity side of the marketplace
is slready flezxing its muscles: Pasquale Pistorio,
the chairman and CEO of SGS Microelettronics of
Agrate, Ltaly, argues that while commodities now
represent 80 per cent of all parts shipped, they
account tor ouly 30 per cent of the dollars. He
predicts these high-volume products will comtinue to
lose market share all through the 1990s.

Not everyone agrees wvith Pistoric's scenario.
Charles K. Phipps, a former TI xarketing vice
president vho is now a consultant, clesimss that
"generic” products - sny part that makes it to
high-vclume sales without requiring extensive sales
support - will account for 70 per cent of IC dolisr
volume and will still provide 6V per cent of sales by
the mid-1990s. As a result, he argues, merchant
houses will retain s stroang role.

Bu- all sgree that even if the noncommodity side
of the industry does not push the high-volume vendors
out of the market, it will be & force to be reckoned
with, creating its own market environment. With the
advent of powverful design tools for ASICs snd other
semicustom chips, the design prerogative, once firmly
in the hands of the chip maker, will have shifted to
che systems designer by the end of the century. In
sddition to intimate vendor-custoner relationships
during the design cycle, fast turnaround and ongoing
dedication to custower service will be far more
important than the ability to turn out millions of
low-cost chips.

By the year 2000, innovative design and
atchitecture will have superseded process and
manufacturing as the keys to product success, an
industr: environment that will continue to spawn
young, spirited companies whose strength lies in the
development of unique proprietsry producte without the
burden of costly fabrication facilities. These
fast-moving design specialists will flourish alongside
s group of specislists of the opposite type:
companies specializing in leading-edge process
technologies with applications in niche markets.

Straddling the fence between sesicustom and
commodity markets will be a number of powerful
vertically integrated companies. With their deep
pockets, design etaffs, production capabilities, and
extensive research and development faecilities, this
type of compsny may hold the ultimate edge in the
buttle for survival. :

Meanvhile, technology in 2000 will be continuing
ite inexorable drive into submicron geometries,
bringing the promise of generations of faster, denser
chipms holding s billion devices. The ramifications of
such functional power on 8 chip are barcly imaginable
for both IC maker snd eystem designer. Newv device
structures and design toole will have been developed

tor them; voltage levels will have been reduced; ana
longstanding architectural spproaches will by then
have been abandoned. The process technoloyies
required may escalate the cust ot fabricat:ion
facilities to levels that cnly a tew organizaticas can
afford.

as chip makers move raggedly toward the <(lst
century, the semiconductor landscape vill coatinue to
change radically - as it has every decade (see
chart). Looming is yet amother shakeup in the lineup
of the top 10 merchant suppliecs, capped by a
succession of Japanese wegacompanies. OUmly if IBM
Corp. turns merchant in the next decade, as nov seems
likely, will a US chip maker lead the list, snd only
one company, Texas Instruments Inc., can boast of
having appeared on the list for 20 years. With the
predicted decline in commodity markets, some observers
doubt the industry can support as many as 10 merchants
by the year 2000.

Underlying this turn-of-the-century industry
superstructure will be a fast-developing vast and
complex network of international slliances in the fors
of mergers, acquisitions, aad technological
partnerships. These alliances are being forged out ot
the realization that no one company can x0 it aloue 10
exploiting the protean semiconductor tecnnology. laies
will oe formed between all companies ot all stripes,
crossing internationai borders (o compiement oue
another’'s strengths, bolster gaps in proprietary
product lines, ana provide manutacturiny cspacily.

Furthermore, such international alliances will
help the IC makers penetrate oveiseas markets. Hot
just the US and Japan will be active in these
allisnces in 2000, Luropean chip wakers,
traditionally laggards, are already showing new
determination to close the technological and marketing
gaps. Aud new forces are gathering in Asia as the
Pacific Rim nations emerge as both consuwers and
suppliers of ICs.

One thing is certain. After all the upheaval and
turmoil, though the semiconductor industry may look
different and its participants may change by the year
2000, it will emerge ss the single most 1sportant
industry the world has ever seen. (Reprinted from
Electronics, 2 April 1987, pp. ou-61, (c) 1987,
HcCrawv-Hill Inc., all rights reserved)

[he Japanese crowd into the top lU serchant IC make:s

1906 1v7o r [$2.1-1 lyvo
! (estimate)] (torecast)
1. | Fairchild It NEC LM
1. ] Texas
Instruments Fsirtchild| TIi NEC
3. | Motorola Philips/
Signetics | Fujitsu Fujitsu
4. | Signetics Nationasl Hitachi Hitachi
5. | Westinghouse | Intel Motorols Toshiba
6. ] Sylvania Motoruls Toshiba TL
7. | Raytheon NEC Philips Matsushits
8, | RCA Gl Nationsl Mitsubishi
9. | Philco RCA Intel Samcung
10} Ceneral
Instrument Rockwell Matsushital Siemens
|

* Source: Integrated Lircuit Engineering Corp.

(Electronics, 2 April 1987)




The great AS!C wave gathers force*

Application-specific integrated circuits are a
tidal wvave about to break over tke semiconductoer
industry. In fact, the takeover is coming faster now
than most people had expected. ASICs sre selling eo
fast that witkin three or four years they should
constitute wore than half of the $15 billion worldwide
logic merket. Because of this acceleratiom, the big
semiconductor houses are going sll out to establish
themselves in the surging market. At the same tiwme,
the semicustom houses that pioneered this market ave
looking hard for ways to hold on to what they've got.

Along with this accelerating growth is rapidly
broadening ASIC uvsage. A spreading universe of
customers is expected to fuel exploding sales.
Dataquest Inc., for example, predicts that inm four
years ASIC sales vill nearly quadruple (see
figure 1). Today, wost ASICs are gate arrays sold in
vast quantities to a small nusber of customers,
notably computer mskers. The aew users stre equipment
makers capitalizing on the sdvantages of ASICs to
build wmique performsnce features intc their products
aad to get to market faster. The number of worldwide
ASIC design starts will z00m up dramatically from
£,000 in 1985 te 90,000 in 1990, predicts Technical
Insights Inc., an Englewood, N.J., technical
publishing house. That totsl includes design starts
from both the systess and equipment suppliers as well
as the semiconductor houses.

Equipment suppliers are turning to ASICs even
faster than expected because they find themselves in
an increasingly competitive situation. .roduct life
cycles keep shrinking, spurring the need for ever more
rapid psoduct turnsround. The availability of
improved computer-sided engineering tools - fast,
poverful computers slong vith impressive applications
software - means that equipment designers need no
longer vait for standerd ICs. They not only can do it
themselves, bui they can also do a better job of
differentisting their products from the cowpetition.
ALl this leads to accelerating equipment obsolescence,
hesting up product development even more.

The ASIC wmarket itself is changing, too, making
it that much trickier for users, chip makers, and
semi-custor houses slike to figure out what to <o
next. Top industry executives point oul thst the
dominant ASIC market segment, gate arrays, is maturing
and price-cutting is rampant - just as the next wave
of ASICs is coming to msrket. Standard-cell-based
designs are assuming new importsnce, sand their growth
rate will soon outstrip arrays.

For that metter, it’'s pretty hard to figure out
what is and is not sn ASIC, much less hovw to sake,
sell, or buy them. By the most common definition,
"ASIC” wmeans only gste srrsys or standsrd-cell parrs.
But a fair number of people expand the definition to
include programmsble logic devices in the ASIC camp.
Othera argue strongly thst the PLD is not an ASIC,
because, by definition, it is a commodity device that
comes off the assembly line with no specific functions
in silicon. 1f PLDs are included as ASICs, thst adds
snother $417 million or so to the value nf 1987 ASIC
revenues, and aleo changes the lineup of players. For
example, Monolithic Memories Inc. is & pre-eminent PLU
supplier, with 1986 esles of $150 million - about half
the PLD market.

* A gpecial ASIC issue in Electronics,
6 August 1987, from p. 60 onwarde, discusses
magatrends in the ASIC market.

Given the growving importance of the ASIC market,
it's not surprising that lesding chip houses are
preparing a formidable market sssault. They need to
protect their ownership 5f the vast standard-logic and
VLS! warkets, both from foreign competition snd irom
the increasingly stinging penetrativa of the
pioaeering semicustom houses.

The 2SIC thrusts by the major US semiconductor
makers build oo their strengths as standard logic
suppliers. For example, they are tLrying to buila
large libraries ot standara cells dased arvunid therr
existing stsndard iines, incluaing their 3z-bat
microprocessors. With these broad-based product
lines, they hope to compete in every seyment Ot the
ASIL market. They also hope to beat vack the growing
toreign compelilion im aSlls, mustly trom the Japanese
semicoaductor houses that already are amouy lLhe worla
lesders in gate ar-ays.

This 1s the second time around tor sust ot the U
ms jors. They tirst jumped into AdiLs 1in the early
198Js, when the semicustos houses opened up the
busicess. But almost without exception, they
stumbled, fell back, and regrouped. Nov companies
such as Motorola, [ntel, Texas lastruments, and
National are solidly back ia ASICs with new strategies
for success.

However, #xecutives at the semicustom houses
believe that the msjors will aever take over in aSICs
becsuse they can't provide the kiad of services that
their customers will need. The startup ASLIC outtits
of the early 1980s, LS1 Logic Lorp. and VLSI
Technology Inc., to name tvo, wvere organized expressly
to pursue the semicustom business, mainly gate arrays
snd standard cells. They were the innovators and
provided the vital software tools necessacy Lo carve
functional desigus im silicon. 1lhe cornerstone of tue
newcowers' approach was tvin cesign bombshells: the
ability to emulate virtually any logic device ans Lo
integrate entire systems Vithin one Or just a tew
chips.

But their real strength came from building
customer relationships. Mok haviuy, 2 standard
catalogue of otf the-shelf functions like those from
the major IC houses, the semicustom intruders broke
new ground - they worked closely vith customers ta
define, design, and supply working silicon. Working
so closely amounte to handholding - it wmakes the
custower feel that he has selected s stable
semiconductor vendor with the right technology and
fast turnaround of reliable parts.

This, say the major semiconductor suppliers - who
have yet to make s big dent in ASICs - is something
they now understend sfter seversl false starts into
ASICs. They ssy they will bring a barrage ot
technology to the fray, and satch prototype turnaround
times snd production runs more clusely to customers’

needs; cthey will provide design training and help
wvith the systems imsplesentation, too.

Even if the established semicustom aouses are
sceptical about the latest eftorts ot the pig chip
firms, they are not tsking any chances. Iney are
seeking haven 1n nichie markets or moving up n
technology, toward jate arrays with UU,VU0U gates or
ones with on-board memory or progremmadle logic; or
they ste unwrapping nev a3iC slternatives sporting new
:eruino:o;lel; semistandard, value-added semaicustom,
or customizable standard ILs. ine 1dea here 1s to
leversge ASIC technology into the VLdl arens sud to
teilor or customize chips to greater degrees of
tunctional specificiry.




Of course, the msjor semiconductor houses csn try
to make their chips easier to custemire more fully,
too. But they are likely to take 2 different route -
by way of PLDs or gate arrays, or by incorporating
custoner-alterable sections into standard products,
threugh sask-prograsmable citcuits or compiled cells.
(Reprinted from Electromics, ¢ August 1987, pp. 58-59,
(c) 1987, McGrav-Rill Inc., all rights reserved)
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Some chipmakers sre taking & gawble on "RISC™

The cuivent leaders in microprocessor t=chnology,
Intel, Motorola, and National Semiconductor, figure
they have locked up the msrket for so-called 32-bit
chips. These microprocessors are the "brains”™ of
today's speediest desktop computers, sand they promise
to bring minicoeputer pover to tomorrow’'s desktop
wvorkstations and other electronic products.

But whil~ the three semiconductor giants centrol
roughlvy 90 per cent of the pivotal 32-bit market, that
isn't deterring a flock of new hopefuls. Now in the
funning are s dozen or more US chipeckers, st least
tvo American computer ~ompanies, and the Japanese.
Most of these nevcomers believe that they can steal
busiress vith a special breed of 32-bit chip. They
claim their RISC chips, short for reduced
instruction-set computing, sre much faster than the
uaual wodels.

The struggle boiled over when both Sun
Microsystems Inc. and Mips Computer Sysrems Inc.
snnounced that they would sell to all comers the RISC
chips that pover their latest and festest
workstations. Sun and Mips are believed to be the
first computer companies to sell the specialized
32-bit chips that are the core of systems designed to
solve heavyweight engineering and scientific
problems. Sun explsined that it wants to capitalize
on the $15 million it spent to develop the chip after
conclading three years ago that the 32-bit entries
from the ususl suppliers would not provide enough
oomph for its next high-end computers. Now the
company has licensed three chipmakers - Fujitsu
Microelectronics, Cypress Semiconductor, snd Bipolar
Integrated fechnology - to manuflscture snd market the

design.

RISC chips owe their speed to their simplirity.
Rormally, a microprocessor has a couple of hundred or
more data proressing instructions embedded in its
cireuitry. This "firmeare” vastly simplifies writing
the snftware that ensbles the chip to work in & new
application. Other things being equal, the user will
tend to purchase the chip vith the richest instruction

set becsuse that will reduce the time it lekes to
vrite progremmes. For special-purpose applicstiocas,
however, many of the embedded instructions are used
rarely, if ever. The old L0-20 cule applies:

25 per cent of the instructions do B0 per cent of the
wcrk. If the little-used commands are eliminated, the
remainiag instructions can "execute™ wuch taster.

Thanks to the coatinuing decline in semiconductor
costs, plus the lower cost of producing RISC chips’
simplified citcuits, & computer can nov be assembled
for $1U,U00 or less yet ofter pertormance approaching
that of sinicomputers costing $1UU, UV aad up. a:
such piice/pertormance (evels, zhe demand for
Risi-pased mazhines should be able to sustain several
niche-market competitors Lor coaventional 3L—01C chips.

The Japanese sesiconductor producers hope tnat
the segmentation ot the milroprocessor business Wil
ptovide the chance they have been wailting tor.
Mitsubist: =lectric, Hitachi, Fujitsu, and Mol are
vorking oa speedy 32-bit chips and hope Lo steal some
thunder from the US. Toshiba Corp. in late June
announced a RiISU chip for artificial-intelligence
apolications that it clisias is the worla's fastest.

The Japanese snd other niche players hope that
getting their chip designs established at the high end
could put them in the runming tor the oig-volume
"supersasrt™ products Chat marker researcher Dataquest
Inc. predicts will emerge afcer 1990. OUance tke price
of 32-bit chips has tumbled from seversl hundred
dollars each to less thau $50, 32-bit chips could be
the spriagboard for whole new classes of products
designed to mske life easier. ...

In resl-life situations, says Motorcla, its
tegular chips sre YU per cent-plus as fast as RISL
designs. UVatajuest analyst Brad Smith says RiSC may
provide gains of >0 per cemt tc 7> per cemt, tut that
may not be enough Lo persuade customers Lo drop
full-instruction sets. [hat's especilally true decause
ooving to KISL can r2uire a Neavy lavestuent 1n New
softvare.

kven claims of such a perlormance agvantaze aay
not last long. To appesl to more custumers, many wiSe
supniiers are grudgingly adding mure instructions,
wvhile the designers of regular micropruocessors ate
working to refine their circuits and speed up their
chips. Linia E. Nar‘e!li, manager of microprocessor
markezing st ATsT Components & Electronic dystems,
believes the next generation of 1ll-bit chips will be
sble to execute virtually any instruction in just one
tick of their internal clock. That would make the
number of instructions 8 woot issue. So the newcomers
may discover that their gamble is riskier than they
thought. (Reprinted ¢-~= the 20 July 1987 issue of
Business Week by speci.. , :tmission, (c) 1987 by
HeCrav-Hill Inc.)

Computer integrated manufacturing (CIM) - {astest

groving sector

The Unite. States manufacturing industry -
US$30u,u00 million produced annually by U milliun
employees - hopes to use computer integrated
manufacturing to tegain 1ts competitive pusilion with
the computerized tactories of Japan, whose 1> milling
employees generate an annual total ot
$350,000 million. Gtufrope has also undertaken
inttistives and Lol projects wiich point in Cie same
direction, all geared towverds stimulsting s sector
which employs 47 millzon turopesns tor an sunual
turnover of $/4U,000 million. As was alfcady apparent
from the comparative study of american snd Japauese
initiatives published by th~ liarvard Business Neview,
the United States would do well to consider the
contrast hetween the mastodontic projects sponsored by
e number of its larger zorporstions, on the one hand,




and the excellent results obtained by middle-range
companies vith much more practical, econamical
systems. The US should also keep in mind that the
Japanese success »tory can be traced to other factors
a3 well: the servicing of large corporations by
swmall, subsidiary coacerns; a high level of trainming
of the operating persoanel; collateral reforme in the
industrial organization.

Azcording to the Natiomal Data Corporation, the
computerization of menufacturing will be one of the
fastest growing subsectors of the emtire computer
industry: while in 198> it represented )V per cent of
this US$11,300 million market, in 1990 i will reach
39 per cent of what will then te a US$38,90U million
total. The percentage for the subsector involving
process regulators will slso grow (from 21 to
28 per cent), as will the robot subsector (from 5 to
6 per cent). The other areas will decrease:
computerization of inspections and controls (from
1Z to 10 per cent); aumerically coatrolled
menufacturing machines (from 12 to & per cent);
equipment for traasporting materials (from 9 to
S per cent); prcgrammable controls unchanged:
manufactured informations systess will slsy st
2 per cent, vhile sachines for computerized numerical
control will rest at one per cent. (Bulletin
IBIPRESS, Me. 138, 26 July 1987)

The world arcificial intelligence market

The results of a study carried out by the BIPE
(Buresv d’Information et de Previsions Eronomique)
were presented recently during an event organized by
the Artificial Inteliigence Associstion. While up to
trecently the Al market has been mainly concentrated in
the United States, a shift can now be seen touards
Europe and Japan.

First of all, it should be pointed out that
estimates have only been made for the United States.
Moreover, the results only concern the ares strictly
linked to artificial intelligence, basically
constituted by expert systems, wvhile the vider sres
comprises learning, represemtation of knowledge,
understanding of natural Vsnguages, recognition of
forms, etc. Moreover, these estimates do not take
into account the nev sivanced technologies vhich are
emerging from srtificial intelligence laborastories.

At present, the Al market is strongly
concentrated in the United States which holds
72 per cent of the vorld market. While the American
share is expected to decrease from now to 199¢, it
vill nevertheless slvays remsin sbove two thirds.

The evaluaticn could work in favour of Europe,
vhich would incresse from 17 to 19 per cent while
Japan would increase from Il to 17 per cent.

The European efforts, vhich up to novw have been
mainly concentrated on the development of expert
systems, should be re-directed towards other Al
technologies, thus cansing & rebslancing of the shares
in the merket.

From now to 1990, artificial intelligence
softvare should grow more rapidly in relation to the
waterials devoted to Al, in a warket relationship of
2/3-1/3.

The total world market of Al could increase from
US$700 million in 1986 to US$4 billion in 1990.
(Bulletin IBIPRESS, No. 130, 31 Mey 1987)

£S2 opens foundry

European Silicon Structures (ES2), the
pan-Luropean custom chip house, has opened for foundry
business and its plant at Rousset in the south of
Trance hax been qualified by some of Europe's largest
electronice companies.

Une is Philips, the $16 dl1lion Dutch electronics
giant and another is EB Techrology, the Norvegian arm
of L. M. Ericeson of Swveden. For large companies like
these, the maie sttraction is quick turnround silicoa
prototypes: for small companies, the sttraction is
cheap silicon.

the possibility of £S2 spawning a clutch of new
SERMLCONIUCLIT CompBales IL LuTope is approachiog
feasibility. Mow it will be possible to torms rurupean
companies purely for the design ot integrated circuits
and it will not be necessacry tu raise the emormous
sums {around 3)U million) reyuires to set up silicon
production plants for each compauy. (Llectrouics
seekly, 29 July 1vel}

The Latamstion European <5

i
1986 | 1985 {
Rank { Rank | Company ! Headquarters
: i
1 1 IsM 1 ts
2 2 Siemens aC ; ®. GCermany
i} 3 Digita'! Equipment Corp. tous
L A Ing. ¢. Olivetti & Co. SpA f Italy
S 105 sroupe Bull i France
6 - Unisys Co-p. [
7 6 Nixdorf Computer AC ! W. Cersany
[ 9 §.V. Philips Cloeilsmpen-
fabrieken i Netherlands
9 12 hewlett-Packard Lo. ;U
v 10 STC ple CUN
1 {13 | MK Corp. S
12 | 8 L. M. Ericsson ! Sweden
13 17 Lowvagnie uénérale !
l a'Electricité ;. krence
1o | £ tioneywell lac. iU
15 lo Wang iLabcratories lnc. P
1o o Control bata Corp. LS
17 19 Commodore Interrational Lta. US
13.] 20 Mannesmann Xeinzle i-mbi | ow. Vermany
19 21 BASF ! W. Germany
20 2 Atlantic Computers plc POk
21 - Rank Xerox (1
22 23 Apple Computer Inc. us
E] - Norsk Data AS , Norway
24 - Cap Gemini Sogeti i France
25 | -1 bsta Genersl Corp. us _

(Datamstion, 1 August 1987)

The combination of the weak US dollar and the
continued steady growth in Europe’s main markets
F2lped the 25 highest and mightiest Eurnpean dp
companies smash Chrough the $40 billion barrier in
1586. The combined revenues of the top 23 companies
in Lurope last year - $44.> dillion - represents an
impressive increase of (Y per cent over tYo>.

For most of the Ud dp compunies tacin, deyressed
fevenue increases 1n their home markel, Lburope
provided a growth opportunity not tu be missed 1n
1y¥¢o. But while U> suppliers sought to bolster
flagging corporate revenues with strony overseas
ssles, turope's incigenous suppliers oore than neld
their own. Last year, the European dp market - valued
at over $70 billion - helped tirms trom both sides of
the Atlantic achieve revenue growth.

Though t.¢ meinframe market only shoved modest
incrreses in most countries, the demand for
win.computers, personal cowputers, and communications
producte was strong.

The 1986 DATAMATION European 25 survey also
reveals & number of more specitic trends, The revenue
difference between the [irst- and last-place firms on
the list was again considerable. While IBM, taking




its traditional place in the number one position,
recorded Europcan dp revenues of $15.7 billion inm
1986, Data General vas in the chart's basement with
sales of $283 willion. That revenue threshold for
entry to the top 25 is much higher chan the

$219 million level in 1985, due, for the wost part, to
the effect of the veak dollsr on currency

coanversions. ...

Most of the Europesn companies had little trouble
maintaining genuine grouth rates either within Europe
or vorldwide. There sre l& European companies fros
seven countries on this year's DATAMATION European 15,
compared to 1) in 1985. These European firms
accovnted for 41 per ceut of the combined revenue
totsl cf the 25 companies in 1926, up from
35.5 per cent in 1985.

What's more, the combined worldwide revenues of
the top 20 European-ovned companies rose to
$23.4 billion - an increase of J6.6 per cent over the
previous year.

This healthy growth among the major Eurcpeun
vendors did not affect the positioning of companies at
the top of the Europesn 25 table, however. With Ibd
rtill 1im its ailable ber one slot, FRC'e
Siemens remained at nusber two, with 4.5 per cent
grouth on 1986 revenues of $3.9 billion. If its foray
into the UK computer market, which began last year,
turns out to be successful, then it csn expect to do
even better in 1987.

Measnwhile, Digital Equipment Corp. kept its
nusber three position with another strong yesr,
registering European revenues of §2.8 billion, while
Italy’s Olivetti snd France's Groupe Bull maintained
their respective nusber four and nusber five rankings,
with each recording growth rates of around 12 per cent
in local currency.

Data Genersl re-entered the list at number 25
sfter having been knocked off the chart in 1985. The
minicomputer company’s 31 per cent increase in
Europesn sales reflected last year's strong growth of
Europe's wini market. That trend benefited Digital
and helped Norvay's fsast-growing sini msker Norsk Data
enter the rankings for the first time, at number 23,
vith revenues of $318 million and an astounding
84 per cent sales increase, weasured in local currency.

Xerox's European joint venture, Rank Xerox, also
climbed back into the rankings during 1986 after
dropping off the chart in 1585. Raunk Xerox's 1986 dp
sales of $371.6 million were up hy & hetty 48 per cent
over 1985, putting the compsny into the 21lst position
in 1986,

Falling off thc chart in 1986 was the
UK's recently privetized telecommunications suthority,
British Telecom. The incorrect inclusion of dp
revenues gsrnered from internal sales had placed it at
number 15 in the 1985 ranking, but sfter the proper
sdjustments were made in the 1986 survey it dropped
off the tahle. The merger of Burroughs and Sperry to
form Unisys accounts for the second slot that vas
filled by s newcower. Unisys grabbed the number six
position nn the 1986 chart, knocking West Cermany's
Nixdorf down one place ro number seven, deapite its
respectable 18 per cent incresse in sales, measured in
deutschmarks.

But the Luropesn company that reslly took s
nonedive last year wan Sweden's ailing
telecomunications company, L. M. Ericsson, which fell
four places to number 12 after & disastrous Y per cent
drop in Eutopean sales. That fall tollows a two-place
slide in 1985, and while some say most ot its problens
are nowv sorted out on the dp side, Ericeson has an
ennrmous task ahead of it to regain ground in the
European marketplace.

kricsson's cov-iouing tall Irom yrace, and the
merger of burroughs and Sperry, helped many other
fires move up the rankings 1n 19806. The butch Philips
group managed to rise oue place to aumber erght
despite only a modest 5 per cent increase in sales.
Also moving up one position was US micro cowpany Apple
Computer Inc., which benefited frum strong European
dsmand for its Macintosh. Apple’'s Furopean revenues
wers up by 62 per cent, weasured in dollars, to
$325 million. Uffice systems specialist Wang
Laboratories also recorded a healthy growth rate of
34 per cent and woved up one rung to the number 15
position.

The big climber in 1986 wvas UK leasing company
Atlantic Computers plc, which jumped five places to
ounber 20 after entering the chart for the first time
in 198> at nuaber I5. The company’s SU per cent
growth surge was largely a result o! iacreased numbers
of high-value leases tor 181 WU wmainframes.

Climbing tour places to number 1J was krance's
telecom giant CLompagnie Lénérale u'btlectricité, whicn
recorded dp tevenues in turope ot $%«3 million, up by
10 per cent 1n local currency. Ihis company will
not appear on the chart next year, howeve:, due to

the werger of its dp and commmnications interests with
ITT.

Recording much stronger yrovth in its business
last yesr was US company Hewlett-Packard, which saw
its buropesn ssles grow by 37 per cemt to
$1.5 billion, pushing it three places up the ladder to
number nine. Five compsnies edged up two places in
the 1986 survey: NCR, Control Data, and Commodore
from the US, and Mannesmann and BASF from West
Cermacy. Only six companies remained in the same
position as last yesr. ... (Repriated with
permission of DATAMATION' magazine©,

1 August 1987, copyright by Technical Publishing
Company, A. Dunn and Bradstreet Company, all rights
reserved)

Can ASICs drive AT&T’'s chip business?

ATOT Co. set out to conquer the semiconductor
market tour years ago with sn arsenal ot coemodity
memory products. By every account, the strategy
failed. The phone company's chips were yreeted
sceptically, well-entrenched Japanese suppliers nelgd
their g-ound, and vitnin two years, Aldl haa changed
its focus to uiche markets.

Now old Ma dell 1s trevamping 1ts eiforts again.
With a new managesent team at the hels and a new
cha.ter 1n its grasp, nTel's Lomponents snd clectronic
Sys.ems Livision in Berkeley Heights, N.J., is setting
its sights on the burgeoning market for
application-specific integrated circuits.

The division's new scrategy is based on tw>
premises. The first is that whether or not AI&T sells
chips on the outside, it must produce them for
internal use in order to be competitive in its
equipment markets. Second, ATST has unique design,
development, and manufacturing capatilities that sre
veluablez copmodities in their own right. The idea now
is ro market those talents co the growing number of
companies that sre abandoning standard ICs in favour
of semicustom designs - designs that offer higher
functionality and that can help differentiste a
product from 1ts competition.

A1sT, though, has 8 long way to xo. Last year,
only 1] per cent ot the component division's
$1 billion 1n sales went to exterpal customers. aud
even though haif ot the division's total Lusiness in
semiconductors, chiips represented only about
J per cent ol i1ts 1746 anles. lIne division's otner

products include power supplies, connectors,
printed-circuit bnards, and other components.




The division'y goal is to grow the entire
business “dramatically™, paying special attentior to
semiconductors, says Williax J. Warwick, the nex
division president. He expects to double chip
production overall by 1995, vith about two thirds of
that growth coming from outside sales, particularly
ASICs. ASICs curreatly account for about 30 per cent
to 40 per cent of AT&T's MOS chip business, a figure
the company hopes will grow to at least 50 per cemt by
1990. AT4T is betting thet total chip sales will
reach sbout $400 million by 1995.

To reach those gosls, Warvick has left no stone
unturned. He has streamlined the marketing operation
and imposed a new Japsnese-style business philosophy.
Internal sales no longer must generate s profit; it
is enough if they just generate technology. “We were
not optimizing the value of vertical integration,” he
explains. “We're trying to bring that back.”

The key to attacking the cuvopetitive ASIC market
will be ATST's ability to cultivate more reiatioaships
like the one it now enjoys with Hughes Aircraft Co.
ATET has compieted three designs for Hughes in three
years, and & fourth is in progress, says ASIC product
manager A. Edvard Walker. "We hsve a half-dozen
similar arrangemen:s™, he adds. including an unnamed
European partner for whom ATST has produced 15
designs. These long-term deals are being used to
caaplement sales of the division's standsrd products,
such as digital signal processors, microprocessors,
and other linear snd digital devices.

ATET's ASIC line is built around digital standard
cells in 1.25-um CMOS technology but also includes
bipolar digital gate srrays and full-custom
cspabilities for digital and linesr chips built in
either bipolar or QMOS technology. The division
expects to unveil its C.9-um cell library in less than
s yesr. ... {Reprinted Trom Electronics,

23 July 1987, (c) 1387, McGraw-Hill Inc., all rights
reserved)

Will Intel-TI desl speed standards?

Everyane in the application-epecific IC business
is trying to figure out just what impact the sweeping
five-yesr agreement closely linking the fortunes of
Texss Instruments Inc. and Intel Corp. will have.
begin wvith, observers expect the joint spproach in
CMOS devices by two of the lsrgest US chip houses to
speed standardization in a field that sorely needs it,
fragmented as it is among upwerds of 200 vendors and 8
dizzying selection of design options. On the negative
side, they question whether two huge companies, each
of which considers itself a top gun, can coexist
peacefully.

To

For the two companies, standsrdization sssumes
the highest priority. "Putting T! snd Intel’'s name on
s standerd will help sec a clear direction for the
ASIC market,” says Jack C. Carsten, lutel senior vice
president and genersl wanager of its ASIC Lomponents
organization. “Thia agreesent can help allsy customer
confusion by estsblishing new ASIC standards for sll
makers to work toward,” he sdds. But their motivation
isn't pure slitrusim: they know thet a better-ordered
ASIC business can only help the biggest supnliers.

Industry analysts agree on the need for
standards, but they are equally intrigued by other
provisions of the agreement. Among these sre
developing & common cell librery, making current CMOS
processes compatible, snd jointly developing & l-um
process by next year. Combining the 150 cells in
Intel's VLSi-CELL library with the 200 in Tl's TSC500
1ibrary should rvesult in 200 emelil- and
medium-scale-integretion-level celles immediately, they
say. As for processes, the l-um goal ie likely to
center around TI's more scalable EPIC technique
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(Enhanced Performance lmplanted (MU3), which curreantly
is in production at l.Z/un. Intel's «4> (MOS process
is ar 1.5 wm.

But the uestion of vhether the agrecment can
vork remains. Based on the evidence ot the past
decade, the odds are against such alliances petueen
big chip companies. an ASIL Jeal 1n 1Yos belween
National Semiconductor Lorp. and Motorola imc. tailea,
for example. A secoru-source link between Lntel auns
Advanced Micre Uevices lnc. broke up. veals betveen
supplier and customer, such as the oue inveiving
Ngrional and Xerox Corp., have a better chance, say
the experts.

Not surprisingly, [l and Intel executives
mgintain thst they have & yood chance tu succeed, for
several reasons. For oane thing, they say, they do not
for the most part compete hesd-on. For another, their
product lines complement each other: TI has what is
probably the most comprehensive library of logic
functions, and Intel needs those functions to support
its industry-leading microprocessors and controllers.

Also, the new partners have put an immense amount
of advance work into identifying difterences and
removing cbstacles, says Wally Rhines, semior vice
president of the TI Semiconductor Lroup. The joimnt
vork, which amcunts to several man-years of etfore,
includes identification of the most ditticult parts to
reconcile, detailed process cowparisons, anda thorough
analysis of key software simulation and veritication
tools. (Reprinted trom kiectrunics,

23 July 198/, p. 32, () 1987, Mevraw-inll Inc., all
righte reserved)

Computer glant plays its ace

The American computer company Lo unvelled 1in
April this year four mew personal computers which will
replace its existing six-year-old personal cosputer
range. The company, whose earlier products were
videly copied or cloned, hopes that its new
architecture will deter coapetitors frow producing
duplicates of the System/2, as the latest range 1s
called.

IBM has designed its own 32-bit bus (the bundle
of wires thet connects masjor components inside a
computer}, called & Micrechannel. Rivals will not be
sble to purchase Microchannels from [BM. They vill,
however, be free to produce their own and, in thst
way, build compatible machines. The bus, combined
with a proprietary operating system, should protect
the System/2 from all bul the most determined copyists
until the 19950s, IBM believes.

In all, IBM snnounced 193 new products. The tour
System/l computers start with the hodel 30 (1,100 to
€1,3259), a small, desktop compuler with & three anc
halt i1ach floppy <isk drive. [he nodel >U, slso s
desntop machine, 1s designed around the LIntel Bdulbo
chip. It comes with a 20-megzabyte hard uiec drive and
costs between £Z,653 and vi, 847,

The next machine 10 the line, the Model oU
(£3,886 to f4,404) has « separate processing cabinet
which stands on the tloor. This computer also
incorporates the 80280 chip and /U megabytes of cata.

The top-end Model BO (t4,91t to L7,050) 13 based
on Intel’s BUJB6 microprocessor, it can support up to
230 megabytes of herd disk storage. The machine can
act ss 8 communications device a8 well ss handling
run-of-the-mill processing. But it will not be
available unti) later this year.

Microsoft, the noftware company thst produced
MS/DUS, the existing IBM PC operating softvare, has
devised a new system called Opersting System 2. Thise




"house-keeping” softwvare is designed for the ncw lntel
microprocessors. Customers wvill have to wart until
next year for Operating System 2.

IBM has also produced & five and quarter inch
optical write once read many times or "WORM™ disc to
go vith the System/2 computers. Each disk will hold
200 megabytes of data, which wust be srchival material
since it canmot be written over once recorded.

European production will take place st Greenmock,
in Scotland, where IBM has invested £3)0 million in &
highly automated plant to assemble surface-mounted
printed circuit boards. The IBM PC is slready
produced st Greenock, but the new technique of fixing
components to both sides of a board will cut
production costs.

Other British contributions to the System/2
include the design of high resoluticn screens for the
computers. Thic vork vas done at 1IBM's Hursiey
Laboratory near Winchester. [mmos has sold IBM colour
graphics chips for its screens.

IBM, which holds s stake in the chip company
Intel, has not been as quick as many computer
companies to incorporate the 32-bit Intel 80386 chip
into its computers. In the six wonths since Compaq
Computer became the first manufacturer to unveil a
personal computer (PC) designed around Intel's 386
wmicro-processor (as the chip is known for short) over
20 European manufacturers alone have committed
thesselves to producing systems based on the 386
chip. Previous IBM-competible personal computers,
built sround the Intel 286 chip, were hamstrung by the
fact that the processors in the machine could only
address 640K bytes of memory. Prograss could not taske
up more mewory than that. That restriction has now
gone.

In addtion, the 386 will run several different
programs at once., [t is also multi-user, vhich means
thet seversl operators can use those programs at one
time. Apcicot, the Brizish PC firm, has produced s
386 system which it hopes to sell as an slternative to
smaller minicomputers. Many preposed 386 computers
will not be multi-user, but extremely powerful
single-aser machines. In effect what has happened is
that the hardware has leapfrogged shead of the
opersting software on which the personal computers
run. (This first appeared in "New Scientist”,
London, 9 April 1987, the weekly review of science and
technology)

Intel, AEC in sutowmstion pact

The systems group of US chip maker Intel is
joining forces with FRG electronics gisnt AEG to
develop factory automstion products.

The two companies are co-opersting in s
multi-million dollar effort to develop s resl-time
operating system for 32-bit industrisl computers.

The opersting system will run on & machine based
sround Intel’s 32-bit 80386 chip and the new
Multibus [I architecture. AEG is siming st the
fest-growing market for industrisl sutomation where
distributed computers and robots are linked by
communication networks.

An Intel spokesperson ssid that the compsny would
not comment on a report thst Intel was talking with
another FRG company, Siemens, sbout the joint
development of sn advanced comwputer. (Electronics,

29 April 1987)
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Philips and Plessey: cthe latest strategic allisace 1n

chxg!

n a wove that could pave the way for more
far-resching technology agreements in the future,
Philips and Plessey Semiconductors Ltd. will jointly
develop 8 circuit for digital TV tuning. In their
first co-rperative agreement, the Dutch and UK
companies will combine the functions of s prescaler
and » phzie-locked loop on one chip. Each will then
manufacture and market the chip on its own. Peter
Haywood, mirksting manager at Plessey, says che
companies are talking about technical and commercial
collaboration only and sre not planning a corporate
werger. "We are feeling our way with this venture to
see how beneficial it is for us to Join lour
technology) together,™ he says. "Lt is looking
extremely promising, and ve have agreed that we will
co-operate sodca van future cnips.” (Electromics,

11 June 1987)

Agreement between loshiba and Motorola

Motorols (USA) and the Japanese Toshiba are about
tc sign an ayreement tor setting up 3 joint venture 1in
Lzumi City in the Morth of Japan. These tvo tirms,
which hold leading positions i1n this sector, will
inject the joint venture with part of their advanced
technology. The expected investment for each of the
partners will amount to around US$120 million.

Toshibas will supply its poverful one-megabit
integrated memory circuit thanks to which it took
world lead in the manufacture of these products,
whilst Motorola will supply all the technology
relsting to microprocessor design - a field in which
it rates smong the top three cowpsnies in the vorld.
These microprocessors which constitute the brains of
the cosputers represent, among other things, one of
the main strengtns of American industry.

Moreover, each firm wiil have access to some of
the technologies of the other. Toshiba 1s to transfer
the technical processes used for manufactrring its
integyrated circuits and, Motorola will allow the
Japanese group to buy some ol its micruprocessor
components. As regards the distribution ol tne
Motorols products in Japan, as stipulateac in the
contract, this will be gone througn Toshiba.

(Bulletin IBIPKeSS, No. li¥, 24 May l9d])

Can IBM kill the clones?

After months of speculstion, IBM finaliy detailed
its Personal System/2 (PS/1) tamily ia April.
Deliveries of the BUBb-based Model 3C, runming
PC/DOS 3.3, bezan straightsway. The 80286-based
Mode's 50 and 60 followed in July, ~ith the
80386-bssed Mode! 80 due this fall. So much for the
hardvare.

On the snftvare side the outlook is not ss bright.
IBM's Operating System/2, which will breask the 640KB
wemory sddressing barrier of PC/DOS, is not due until
the first quarter of next year. When it arrives it
will open new doors to application software houses and
users alike, sllowing the 80286-based AT as wvell as
PS/2 Models 50, 60, and BO to use their protected mode
and sddress up to LoMB of main memory per progras.

The festures that (BM has buiit into PS/2 may ada
up to more of what the user wsnts, but the company 1is
no slouch when it comes to protecting its own interests.
By wmodifying existing de tacto standacds, Lbh nas
declared its intention of nanging on to Che crucisl
msrket of end-user wicros withiu lurge corporatious.




As predicted, IBM has made the new PS/Z tamily as
open to independently written applications packages as
the previous PC range. ILudeed, by giving softvare
houses advance information on the zpplications progras
interfaces to the new 05/2, IBM could counter
criticisms of & lack of software right from the time
of its hardware lsunch.

IBM has also made PS/2 open to independently
manufactured extension cards by publishing the
electrical, signal, and size interface specifications
of the exteasion card slots on the new PS/2 Model 50,
60, svi 80 MicroChannel 1/0 bus. But life will get
tougher for the sdd-on suppliers. The smaller nuaber
of slots - notably on the desktop Models 30 and 50 -
and PS/2's improved screen definitions, sas well as an
extended range of hard disk sizes from IBM, have
reduced the opportunity tor offering add-on
improvements.

While these twvo measures illustrate IMM's
eagerness to encourage third-party development around
?S/2, it has tgken a third ster "ith mur: far-reaching
consequences. By making the system design as closed
as possible to imitation by manufactures of
99 per cent PC compatibles, IBM has declared that it
vill no longer tolerste competitors for key corporate
accounts.

In an attempt to make imitations of the PS/Z at
least time-consuming and costly, if not impossible,
IBM has modified previous PC standards in three
important respects. First, it has introduced much
better screen drivers, as s standard feature on the
system cards of all PS/2 models. Five years ago,
IBM's CGA card offered 320-by~200-point definition in
no more than four out of 16 colours. Now the bssic
Hodel 30 has s mixture of clearly legible aslphanumeric
characters and 640-by-480-point, all-points—
addressable graphics in two colours. The larger
models handle 256 colours. The graphics chips driving
this higher definition are, in part, IBM proprietary
and sre supplied tc the compeny under an exclusive
contract with U.K. chip maker Inmos.

IBM’s second modificstion to FC standards is in
the addition of s 64LKB A-BINS ROM. It is used by the
nev 0S/2 to coaplement the original 64KB C-BIOS used
by PC/DOS 3.3. But unlike the originsl ©-BLOS, IBM
has not published the source code of A-BIOS. Instead
it has registered the copyright of the code, making
copying it both difficult snd illegal.

The third alteration to IBM's previous de facto
stendards is the replacement of the original PC Bus
for 1/0 devices with a myltiplexing Microthaanel
(slthough PC Bus continues to be used in the ¥S/2
Model 30). MicroChannel has a sophisticated priority
algorithm to optimize channel throughput. Agsia, this
has not been published, but patented.

It seems unlikely that these steps will meke it
impossible for other manufactures to produce fully
compstible PCs and thst IBM can ring the death knell
on the PC compatible industry. But some of itse
competitors will fare worse than others. IBM's highly
antomated PS/2 p. :ats may give it the lowest unit
production costs in the industry, but the computer
giant has not brought the retail price of its
entry-level PS/2 Model 30 down fer enough to compe’e
vith many cheap clones... (Reprinted with permiesion
of DATAMATIONT magszine®, (I July 1987,
pp. 13-16)., Copyright by Techmnicsl Putlishing Compan:,
A. Dunn and Bradetreet Company, all rights reserved)

Zuropesn computer makers try to pull the plug on
clones

The clone wars are getting too hot for some
Furopean computer makers. Angered by surging imports
of cheap Far FKast knock-offs of IBM's Personal
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Computer, European manutacturers are quaetly prejaring
to tile an antidumpiay complaint with the turopean
Lommission agsinst Korean and lLaiwanese copycats.

lealy’s Ul:ivetti 1s trying to galvamiz® huropean
manufacturers, such as Frauce's Groupe Bull, plus U.5.
companies that manufacture in hurope, such as LB,
NCR, and Commodore lnternational. They will tight the
“no-name” clones, whick sell for as little as halt che
price of the European-smade models. The no-names nave
only about b per cent of Europe's market now, but
their share is growing fast. (Reprinted from the
23 March 1987 issue of Business week by spezial
permission, (c) 1987 by McGraw-Hill, Inc.)

IV. APPLICATIONS

Computerized hospitals in Singapore

Singapore has entered che second phase of a
programme for the development of the cowmputer system
to exchange information betweern various clinics on the
medical background of citizens.

By the end of this summer, 2+ hospitals and
16 clinics will be linked to two lod mainframes whaich
will collect all the dats concerning the clinical
situation ot each patient: previous pathology,
surgery, medication, etc. In addition, they will
manage all the information coucerning nosprtal
admissions, medical visits sand the admimistration
procedures ot all the clinics and institutions
concerned. The clinics and 1institutions will be
provided with & doze: minicomputers, spproximately
SU0 cerminals and 390 printers. The first phase of
the project, begun i1n 1984, has just been concluded.
The experditure made up to now has been US$7.5 million
and will serve to build up the basic information for
the system. It is foreseen, in any case, that the
whole programme will be extended for another three
vears with sn additional cost of US$10 million.

Up to now, the system has archived information on
550,000 patients. The programme cf medical visits
manages around 5,000 daily appointments. A software
house of the region has collasborated on the
development of four programmes concerning: tve list
of the patients admitted, released and/or transierred
from the hospitals linked in the network, s system for
invoicing the patients, s system Lor an inventory
concroi of t° clinics, and 8 system tor orpanizing
doctors’ appoi. tments.

The 1ntegretion of the 1ntormation and cata
collected will ensble poth the plannin, and tne
sclection of the most agprupriate weans [OT WaNa,ing
the country's health services. Horeover, the
possibility of exchanging clinical dats allows the
progress of diseases in general aud of epidemics 1n
particular to be studied, in addition Co 1ncreasiny
efficiency in disgnosing and caring tor patients.

Even though at the moment only State-run
hospitals ard clinics are included in the system, it
is exvected that msny private clinics will soon
request to be linked up to the system in order to
integrate their own information and benefit from the
existing dets. (Bulletin IBIPRLSS No. 135,

6 July 1987)

Medizal research anJd informatics

French and Italian companies have recently
introduced computer-tased tools which will have an
important impact on medical research in
electromyography end histology.

A French group has develuoped a portable medical
unit which can be used to examine disease-related
electrical activity 1n muscles and nervous systums.




The unit has a screen, keyboard and built-iu ther=al
priater. Using the unit, a doctor cam directly
programme electromyography tests. Readings can be
immediately seen on the screen.

The unit can aid doctors in diagnosis. Muscular
and nervous-system readings can be stored in the
memory of the unit, which can also snalyse readings in
a rwmber of wvays in order to maximize their diagnostic
value.

Because it is portadle, the unit can be used to
carry out snalysis and research in areas in which
wvell-equipped hospitals are not available.

The collection and processing of such data would
constitute a significan: source of knowledge on
histology. The computer—assisted snalysis and storage
of data on the 63 million pieces of informstion
contained in an individual cell would lead to a better
understanding of processes in biotechuclogy and new
applications in medicine. (Bulletin IBIPRESS No. 136,
12 July 1987)

CAD/CAM being employed to make dental crowns

Scientists in the USA, France and 3witzerland are
vorking on the use of computer-aided design (CAD) and
computer—sided wanufacturing (CAM) to automate the
production of dental crowvns. according to Diane Rekow
of the University of Minnesote. Crowns are
substituies for all or part of the tooth above the gum
line. Rekow reported thr work thst she and her
associates are doing isst month in Cincinnati at the
1987 Bi~mechanics Symposium of the American Society of
Mechanical Engineers.

Crowns are fabricated vowadays by casting in gold
or ceramic. The process is time-consuming and, in the
zase of gold, expensive. CAD/CAM systews can make
crowns so rapidly that they may eliwinate the need for
temporary restorations, Rekow says. A major goal of
using CAD/CAM is to permit crowns to be made of less
costly materials, such as precast ceramic or stainless
steel.

In the procedure being developed a. Minnesots,
the tooth to be repaired and its neighbours are firer
scanned by & laser. The digitized ivages then are
processed by softwars developed at Massachusetts
{nstituts of Technology. The system calculates, fros
6,000 dats points, what the repaired tooth should look
like, The completed restoration is accurate to within
ZO/un, as required by the Minnesots Dental Board.

The internal dimensions of the crown are taken
from the shape of the prepsred tooth, Rekow says. The
external surface is designed to take sccount of the
constraints of the motion of the jaw and the
relationship of the tooth being repaired to other
teeth, The design completed, CAM software crcates a
program for machining the crown from s block of the
selected material. Machining is done by a compact,
five-axis milling wmachine. Rekow expects the system
to be able to produce s fuil crown sutomaticslly by
the end of this year.

A complete system will ccst from $150,000 to
$200,000, Rekow esatimates. She suggests that large
group dental practices may be prepsred to invest on
that scale., Dentists who can't hack it would probably
have terminals with image-collecting equipment, an
investment of about $5,000, in their offices and have
the crowns made st o central laboratory.

{Chemical & Engineering News, 27 July 1987)

Computers for agriculture

A series of experiments sre being carried out in
the agricultural mector thanke to new technologies.
The use of these technologies has given rise to the
avsreness that the agricultural sector needs to be
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transformed by agronics, the science concerning the
application of electronics and informatics to
agriculture. A nev systes, called Tom, is about to be
wade available vhich will enable approximately

60 diseases sffecting tomatoes to be identified. This
instrument will be very useful for the truck farwers
in France for rejucing the damage caused by epidemics.

Cognitech, a cowmpany specialized in artificial
intelligence applications, has developed this very
sophisticated softvare which will enable computers to
simic human thought.

The truck farmers will be able to commun:icate
vith this compuler thanks to a miniCel linked to a
telephonc. Tom will pose questions to the user on the
symptoms, with the assistance dt 1llustrations
displayed on the minitel screen. atter 2 cialopue
ccuposed of approximately iU questions snd answers,
the computer will be anle tu Jia,nose the disease and
indicate the steps to be taken tor eradicating 1il.

At a later stage, the same technology will be
able to be used to identify othes diseases atfecting
ci:ltures such as fruit trees, potatoes and vines.

The cowputer has become an indispensable tool for
the sound mansgement of agricultural production.
Today, in order to be competitive on the market, it is
no longer enough to know how to work better, with or
without the assistance of technicians, to be
intuitive, to have experience or will.

This jurp in quality, which is a necessary step
for the optimization of sgricultural production, is
alresdy being sade by many farmers in couatries such
as the United States, Japan, Federal Republic of
Germany, Great Britain and France. (Sulletin IBIPRESS
No. 137, 21 luly 1987)

Computerized diet for poultry

At the UDepartment tor Matiematical Studies of the
Polytechnic Institute, Hong Kong, & programsme has
recently been finalized wh.ch enables poultry tarwers
to select the most nutriticus, appropriaie and leastC
costly diet for poultry, tacing into account factors
such as the brees, state of growth and physscal
environment ot the aniwmals as vell as the type ot
ingredients available 1in that particular gecgraphical
ares.

This programme will enable the poultry farmer to
produce, by himself, the feed mixture to be given to
his poultry oan the basis of scientific and ratinual
criteria besides economical needs.

The database of the programme contains details on
& hundred or so ingredients vhich are easily found ir
the area, includirg their price and nutritional value.

The various purposes for which poultry is raised
is taken intu account in the programme: {or egg
production, as edible meat or for reproduction. CLreat
importance is 2lso given to the state of growth of the
pouvitry when defining the diet.

For the finalization of the programme, which
taxes i1nto mccount many varisbles, a mathematical
linear programming model was used, partislly woditied
in order to best satisfy the needs of the larmers. in
this way, specilic 1ugfedients which the tarmers may
want to use can be entered into the <omputer and the
appropriate diet duly tormulsfed, moditying Che Jossge
of the other feed ingrediento. (Bulletin iblPxLbdd
No. lau, 31 auguet 1987)

How PCs can police the mating ot animals

Zoos in Britain now have asccess tn & computerized
database that will contein informstion sbout the
pedigreen of all their animsls., The system vwill make




it such essier for zoologists to devise eftective
breeding plans for animals in captivity.

There ts alveady an International Species
Inventory System (IS1S), based in Minnespolis.
Although the data in the system are computerized,
wesber zocs m:st rely on printouts. The 1SIS does not
yet have the global cover essentisl for rational
captive breeding. The British system, wvhich is called
NOAH (Na"ional Online Animsl History), could mcvs good
these deficiencies.

NOAH a'lows zoos o interrogate the database
directly. This weans that 200 can seek a mate for
one of their ¢nimals, or can work out superior
breeding and managewent plans. Because NOAH stores
pedigrees, it shows how closely two prospective
psrtaers are related. This information is valuable to
zoologists because they can avoid the harmful effects
of inbreeding.

ISIS does wake availabie to its member zoos a
computerized record-keeping system. The British Zoo
Federation wodified this system to allow online sccess
to the database. For roughly £1,800, each zo0
receives an IBM personal computer, a modem, and the
NOAR software.

A zoo can keep its own day-to-day records on the
cosputer, 2ad esch wonth send 8 disk to the nerve
centre of the system st London Zoo. This disk helps
to keep the countrywide records up to date. The
London centre, which runs on a machine donsted by IbM,
forwvards all its British records to I5IS. (This firsc
sppeared in "New Scientist™, London, 23 April 1987,
the weekly review of science and technology)

V. SOFTWARE

Intelligent maciiines

One of the first true Al programe was written in
the mid-1950s in America by Or. Allen Neveli and
Dr. Herbert Simon of Carnegie-Mellon University along
with Dr. Clifford Shaw at the Rand Corporation.
Cslled "Logic Theorist”, this was a prograe designed
to prove theorems in mathematics. In at least one
instance, the program deduced a proof chat was
actuslly neater and shorter than the standard textbook
snsver.

Logic Theorist was the first of a number of
surprises that Al has sent rippling through the
scientific community. Indirectly, it slso led to the
crestion of Al se a separste scientific discipline.
During the summer of 1956, 10 American researchers
gathered for s two-wonth "think-in" at Dertmouth
College, New Hempshire, to discuss some of the strange
nev goings-on in computers, mathematics and psychology.

The founding group - including Dr. Marvin Minsky,
Dr. Claude Shannon snd Dr. John McCarthy, a3 well as
Dr. Newell and Dr. Simon - wen: on to establish three
scsdemic centres f Al excellence. To this dsy,
Carnegie-Mellon b.iversity in Pitteburgh, Stanford
University in Palo Alto, and the Massachusetts
Irstitute of T-chnology in Cambridge remain the
world'e most crestive poverhouses for clever computers.

The Dartmouth meeting also set the research style
for AT. As @& result, the brightest idess have tended
to come from the use of computer langusges that
manipulate symbole (representing mental concepts)
instead of the numbers (representing information)
manipulated by conventional languages.

Anothe: advance came in the mid-1960s when
Dr. McCarthy (of MIT snd later Stanford) developed o
symbolic language called Lisp., Short for 'list
processing”, Lisp was designed to menipulate lists of

ob)ects sand has becowe the standard research toul uses
5y al scientists 1n the United States. anvther
computer language called Frolug ("prograsming in
logic™), develoged in 1772 at the Uuiversity of
Marseilles, is now widely used by al resecarchers in
Europe. Japanese al scientists, who normally totluw
the lead ot their american colleagues, have avupted
krolog instead or Lisp tor their “tifth-generation™

computer project

Prolog has a simplicity that makes it easier tor
nevcomers to use, wvhile Lisp requires programmers te
be expert in haandling its tortuous syntax. But
Prouliog, vhile it can run on smaller (and cheaper)
computers, is a "declarative” ianguage. Lt is really
a means for declaring everything that is kaown about a
problem, rather than a means - like Lisp - for solving
at.

Computer languages like Lisp and Prolog have made
it possible for Al scientists to capture aspects of
the way human experts solve problems. The inspiration
for these so—called "expert systems" came in che late
196Us from Catnegie-Mellon's veteran researchers,

Dr. Newela and Dr. Siron. They argsed that much ot
humen kaowledge could be represented by a series ot
tairly simple "1r-tnen™ statements - e.g., 1t it looks
like a duck, and if it waddles like a duck, and if 1t
quacks like & duck, then it probably 1s a gurk.

An experl systems neeas two things. Lt has to
have some kind ot reasoning mechanism; and 1t Needs a
database ot knowledge about the field :t i1s concerned
vith. The reasoning mechanism i3 known 1n the trade
as an inference engine, the most popular ot which is a&
set of if-then rules. 1ts other component — Che
knowledge base - has to be built up (painfully) trom
thousands of cause-and-effect relaticnships. This
involves getting human experts to explain precisely
how they approsch a particular problem and each of the
steps they go through in solvinyg it. The
cause—and-effect relationships are then programmed
into & computer as & lengthv list using s language
such as Lisp.

When it is fed & problem it has not encountered
bSefore, the expert system’s 1nfereuce engine looks up
the corresponding Jats in the knowledge base and
examines the causes and effects involved. It then
starts making a series of decisions on how well
elements (f the new problem match elements ot the
expert’s solution - and goes on doing so, just like a
human, until 1t is confident 1t has the right answer.

All of which 1s tar casier said than done. as
they stand, expert systems are only just beginning to
have au 1mpact. There are still only a ccuple ot
dozen or sv expert systems earning their keep 1in
Amertcan industries. There are probably tewer than
twice that many 1n the whole wurid. amuny the more
successful ones are Stanford University's Lenaral,
which works out the chemical structure of compounds,
and Mycin, which is used for the diagnosis of
infectious diseases,

Todsy's expert systems can cope with perhaps
500 rules before they pack up under the weight of the
mathematical worklnad. but a chess master has no
trouble handling the mental equivalent of 50,000 rules
or more. To make things essier for machines,
Al acientists have gpent the past decade trying io
find ways of coditying intormation so that computers
can deal with problems better.

Two promising approaches have emerged. Une,
proposed by MIT's Professor Minsky and known as
"frames”, provides an encyclopaedic deccription of sny
chosen topic, complete with cross-references. lhe
other, develo,ed by LUr. Roger Schank ot Yale
University and known as "scripts”, preseuts the
sequence of steps invulved in achieving a pattlicuiar




goal. Researchers are using scripts to codify the
intuitive grasp some people have of music or
wathemstics.

Three years ago, expert systems such as
Internist-1 (for internal wedicine), Prospector (for
oil prospecting), Puff (for lung complaints) and ALUN
(for customizing Vax computers) got such publicity
that investors wvent chasing Al scientists with
cheque-books in hand, because they believed that a new
boom business wvas in the making. It was not, and the
fad for finsncing Al ventures has nov largely fizzled
out.

When they work, expert rystems can be useful as
assistants, carrying out some of the more routine
tasks for a professional; or as instructors, passing
on the skills of experienced workers to newcomers.
But treating each individual applicstion as a unique
problem (as expert systems do) is tediously slow and
inefficient.

Moreover, expert systems recuire sxperts fo know
how they reason. A lawyer, or a doctor, might be sble
to show you their reasoning; but try asking an art
critic or a cook how they veich particular
conclusions. More to the point, ask snybody how they
understand speech, or recognize their grandmother.
They csnnot begin to tell you.

Host researchers have nov come to realize that
human senses such as vision and hearing, snd human
skills such as movement and speech, rely heavily on
unconscious intuition, and that it is no good looking
to huvans for training. They have slso come to
realize that it is futile to replicate intelligence in
the absence of these senses and skills. A robot that
is intelligent but deaf, blind, dumb and immobile is
not useful. If they are to replicate intelligence,
scientists will first have to understand the brain's
rules for unconscious intuition.

Speech recognition is & good example. Seversl
companies are on the brink of replacing secretaries
with machines that can turn dictation into
typewriting. These machines may or may not work in
the same way as humsn beings., They take two separate
spproaches at the same time. The first 1s to analyse
the sound the mschine hears and try to mstch it with
some stored version of each wotd. This means
dissecling each sound by pitch, harmonics, inflection
and 30 on, and, st the ssme time, distorting the
time-course of the sound in varicus ways to fit it to
stored examples. The second is o use elementary
rules of grammar snd so predict what kind of word the
wachine is most likely to hear in & given rontext.
For example, "in Americs", makes wore sense than "it
America”,

The grammatical rulzs sre like an expert system,
because they are if-then rules. But they are not
derived from a human expert; they sre worked out
specially for this purpnse. Human experts (everybody
is sn expert at this tesk) may use entirely different
rules to reach the same interpretations.

The accustic mechanism is even less like an
expert system. It does not consist of if-then rules,
but of mathematical tcricks for finding similericies
between patteins. In recognizing s visusl image, the
expert-system idea must be sbandoned sltogether and
replaced largely by mathematical techniques for
pattern matching.

To these twvo spproaches ~ debriefing experts and
tiguring out rules from scrstch - a third is now heing
sdded: copying human learning., Not only do
Al researchers need to find out more about how people
go shout learning new thinge, they sleso need & hetter
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grasp of the mental processes people use in adapting
the knowledge acquired in solving problems in one
field to solving problems in another.

Just how do people perceive, recognize, draw
inferences, understand analogies and learn?
Kesearchers do not have answeres to these questions.
They cannot, therefore, teac! computers the answers.
They must instesd ask their computers to work thes out
for themselves.

The most successful method so tar ot getting
mazhines to learn 1s by usiny exsmplies. Une gpproach
that sl scientists are watchiny caretully :is marvin, »
wachine-learning prograa proposed by Ur. Llaude Sammut
and Professor Hanan baner): at >t. Josepn's University
in Philadelphia, based on a language that gets
"richer” the more it learns. Marvin not only lLearns
trom experience (with the help, of course, of a human
trainer), but also stops itself from falliny intc the
trap of over-generalizing.

Twe outstanding difficulties must be resolved
before machines can be programmed to learn as people
do: how to handle analogies, snd how to behave
crestively. The concept c¢ analogy involves viewing
tvo dissimilar things as essentially similar. In s
sense, creativity is even more irrational. Creativity
typicslly involves — at the very least — seeing a
relationship between two things that nobody had
noticed before. In Al, researchers call this the
"Eurexa” or "Aha" syndrome.

Some attempts have been made to develop programs
that handle analogy by comparing and wmatching elements
of two sets cof ideas. Programming a computer to make
such nalogous leaps uf imagiuation is a mind-blowing
task. lImagine trying to teach a computer Lockney
rhyming slang (in which, e.g., & "suit” 1is kaown as
"whistle”, because 1t rhymes with "whistie-ans-tlute”).

approaches to learaing, have
success, but noue Nas emerged 4s
scientist's wain problen -
namely, how to get & macnine to solve general (rather
than nairowly specific) problems. Lhe frustration has
led a group of Al researchers, most ot them
ex-physicists, back to an idea first floated in

the 19003,

Such rule-based
enjoyed s messure of
the answer to the Al

Brains are much rore complex than computers, but
both work in fundamenrally simple ways. Both
manipulate electric currents. Computers consist of
many electric switches. Each switch can be on or off
and can represent the ones snd zeros of binasrv
srithmetic, or the true and false of elemeatary
Boolean logic. Brains conaist of cells that sct like
amplifiers, picking up, adding together and passing on
sigrals from other cells. This feature aione gives
Al scientists & glimmer of hope.

The "new connectionists”, as they are called,
believe that all they have to do is wire up cifcuits
in the same way as Drains sre wired up and, hey
presto, the things will start to learn. [0 one sense
they are plainly right: brsins derive much of tneir
power from beiny 'parallel” machines that can do lots
of things at ouce, and computers would do well to
emulate this.

At present, most computers work by sending Jata
trom their memcries through & central processing unit
in sequence. But in another sense connectionisw
sufters from hubrie. Braine learn certain things
because they srte wired up in certain ways: Lthey sre
not 1andom collections of cells, Computers that copy
brains will sleo have to be vired up, ur progtanmed,
in certain ways., back to square one. (The Economist,
20 June 1987, pp. Bo-8/; excerpted from "Schools Brief")




ek, 1115 erther ‘mtefagence’, or i11s
not ‘miefgencs ' Where do you get
nat artihCiai’ stutt?”

(Machine Design, 11 December 1986)
Expert systems

At a recent colloquium on artificial

inteiligence, a keynote speaker woke up an early
morning audience with the following story:

Suppose you were working with one of the expert
system programs that is designed to diagnsse human
diseases. Further suppose that the symptoms you
entered were true, but did not pertain to humans.

Enter patient’'s name: 1978 Chevy
Enter patient’'s age: 9 years

Does the patient have brown spots? Yes
Conclusion: The child has measles.

The speaker's point was that expert programs,
like most computer softwsre, have no way of knowing
their own limitations. The program is helpless if
faced with a situation its suthor did not santicipate.

Few people understand this insight about expert
software. Early successes with the technology have
resulted in unjustified expectations. Without & good
understanding of expert system limitations, it is hard
to know where the expert approach ruus out of steam.

Fortunately, limitstions of the approach are
becoming more widely understood, as are the
technology's less publicized benefits. Ome such trait
is an inherent logical flow. Expert programs are
orgsnized into rules and facts with & structure that
is easy for non-orogrsmmers to grasp.

This is important when working with individuasls
vho sre unfamiliar with prograsming. People se-ving
as sources of expert information can often look at the
programe code and understand the intent of tne rules
and facts, simply because the information is expressed
in ways that resemble English sentence structure.

This enables the human expert to exsmine program code
and see at a8 glance vhether it 2xpresses the right
rule or fact.

The logic structure of expert programs is also
such that programmers cean come up to speed quickly
vhen joining a project. This is especially gnod in
large sofetwrre efforts where personnel may turn over
several times. Similarly, expert programs are often
essier to maintain and chsnge than softwere written in
languages such as Fortran or Basic.

In all, many problems tacklied with expert systems
could be handled with conventional programming
techniques as well., But the branching and decision
trees needed in nrdinary languages sre often morcu
difficult to implement,

Typical uses lor expert systems tc date include
situatious vhere the expert program substitutes tor
service manuals or inmstructions. [n spplications
currently uuder development, such sofiwvare serves as a
ssart business lorm by guiding users through
instructions. Programs check entered aansvers tor
reasonableness and consistency and verify entered data
to sake sure they do not contradict other information
entered elsewhere on the form.

Mary such spplications are in manufacturing aad
industrial settings. For example, estimates are that
over 1,000 expert systeas have been started tor use in
manufacturing planning. Sowe 90 expert projects are
in progress within IBM slone. Omne program in the
company’s San Jose plant diagnoses 98 per cent of the
faults in disk drives. The softvare replaces about
30 1b of manuals that guide technicians through the
diagnostic process. Another IBM program performs
capscity planning for Jystem 38 computers, estimsting
the CPU and disk facilities needea to provide
specified response time for a given number of
terminals.

The term expert program is actually a smisnomer.
Most expert systems tielded today provide advice that
is not rezlly at an expert level. at best, such
progrems give guidance that ailows rank amateurs to be
mediocre performers. As the person using the expert
system gains enough experience to make better
judgements, the software is oftea usea less and less.
In this maunner, wany expert programs rucction simpiy
as training and productivity aids. Thus, a rule of
thumb is that expert progrsms make sense where less
than optimum performance is acceptabl=.

One key reason for the subpar performance of
programs fielded thus far is that most solve problems
by selecting solutions from a predefined list of
possible candidates. Problems that these programs
solve are tormulated ss diagnosis. This format has
vorked well with troubleshooting applications in
electronic equipment, and in plsnning schedules for
manufacturing machines on an assembly line.

In genersl, the diagnostic approach can be
appropriste when the problem s hand involves s finite
number of strategies or solutions, each of which can
be prescribed based on the existing conditions.

Lxpert programs can give good advice it all possible
solutions have been identitied and entered in the
program.

However, an expert prograa csnnot sugygest a
s2lution that it does not know about. il a wore
creative plan, disgnosis, or answer can solve the
problem better, the program will miss 1t. This 19 &
significant limitation of the :xpert system techniyue
that potentisl users and developers should understand.

Qualities that expert programs lack include
insight, inspiration, and common sense. People often
rely on these human trsits when solving problems that
do not fit easily defined categories. Thus, the best
problems for the expert program approach are
vell-ordered and narrowly focused.

The planning and diagnosis programs that typify
most expert applications to date are sometimes called
first-generation systems. The term refers tn programs
that employ only bssic expert techniques. Though a
number of basic methods are used, most involve »
simple search through existing rules to determive »
best anaver.

However, first-generstion systems may be
impractical for more compliceted spplicstions. One
shortcoming 1s 1n vorking with & large number of rulwes
or facts., Most simple expert systems slveys secarch
through their rules 1n the same order each time they
receive nev informetion. ihis approsch may dbe tou siow
vhen hundreds or Lhousends of rules must be checked.




More sophisticated second-generation systers may
use vhat are called oppotrtunistic search methods to
deal with large bodies of rules. The principle is to
start exsmining rules that are sost likely to spply to
the situation at hand, thereby reducing the sesrch
time.

An example of the approach can be touad in an
expert system that plans kitchen layout.. Developed
at Carnegie-Mellon University, the Wright program uses
the fact that sinks and stoves asre likely to be placed
near unmovable architectursl objects such as vindovs.
The program uses these placementa as a stsrting point
tor applying rules, rather than folloving a
predetermined order each time.

Another example of a second-generation expert
system is a program called Grease. CarnegieMellon
researchers crested the program to select cutting
fluid in machining. The program firet disgnoses
machining operations to determine the fluid qualities
needed, then selects a cutting fluid.

The diagnosis part of the problem is simple, but
picking the single best fluid is difficult. The fluid
selected must provide the best mix of qualities for a
variety of machining operations. Complexity enters
the problem in that s suggested remedy can be produced
in many ways. For example, lubricity can be hoosted
by any number of different cowbinations of incressed
fatty content and increased viscosity.

Many satisfactory solutions are ususlly possible
in such situstions, but Grease is designed to find an
optimal fluid that maximizes tool life. To do so, it
generstes an ideal fluid, then determines the closest
wmatches to this ideal from an available product lirme.

A second area vhere simple expert spproaches are
likely to suffer is in handling unanticipsted
problems. Most such programs employ shallow
knowledge, predicting outcomes based only on the
experience of the human expert who provided knowledge
for the program. If the program runs into an
unforeseen situation, it has little informstion to
guide it to a solution.

In contrast, second-generstion systems employ
what is called deep knowledge in an attempt to
disgnose unforeseen problems. Deep knowledge refers
to facts about how the underlying process or machine
operates. The progrss uses deep knowledge to predict
outcomes based on principles of operation when none of

the humsn expert’s rules seem to apply.

Researchers now exploring the use of d:ep
knovledge say that the technique sllows modelling the
human expert’'s world, rather than just the expert’s
knowledge. Eventuslly, deep knowledge programe may
provide a level of performance exceeding that of a
human expert.

Just as spresdsheets provide s structure for
entering calculations, shell programs provide an
analogous fremework for construcling expert systems.
Basically, shells enable s user to easily enter rules
and fscts just ss s spreadsheet allows the entering of
formules. The snell progras takes over much of the
underlying logic needed to compute results.

Many shells are available on personal computers.
The programs are often categorized in terms of the way
they represent knowledge. In general, oshalls sre
based on rules, facts, or lesrning by examples. The
Istter type usually employs an algorithm called ID]I,
which takes & sec of exsmpies and clessifies the
results, This clessification allows the program to
derive rules from the data.

Shell programs on PCs can serve as an inexpensive
way to construct simple expert programs. However,
PC-tased shells are probadly best for comstructing
seall, narrowly focused systems typified by
first-generation progrsms. Une reason is that
PC-based shells often provide only simnle
rule-searching techaiques. This may prevent thems trom
handling complicated problems calling tor novel
searching to reach s goal.

Some recent Yl-based shells provide ways ot
overcoming some such barriers, however. vUne called
turu, tor example, allows programmers 2o search rules
in different orgecs, basc: on ¥4 selective criteria.
The prograa might tirst search through rules having
the least nusber ot unxnown conditions, then pertoru
another search using an assigned priority, and so
forth.

Another feature in newer shell programs is the
ability to cooaect with external programs and data.
This facility sllows the use of infurmation from a
spreadsheet or dstabase file as input to the expert
systes. The Guru program, for example, directly
addresses spreadsheet and datsbase files.

In all, PC-based systems seem best for both
developing expert programs comprised of a few hundred
rules at wost, sand as vehicles for fielding expert
system that have beer perfected. [udications are thst
few shells provide an adequate framevork for
particulariy complicated expert applications
charscterized by the use of innovative rule searching
or clever knowledge representatica.

Dedicated engineering workstations are otten
preferred ror developing more sophisticsted eaperts
and larger programs containing sevcral hundrea rules.
The development ot expert programs coataining
1,u00 rules or more calls for more specialized
hardware such as workstations that have architectures
optimized tor artiticial intelligence langusges such
as Lisp. (machine Uesign, 21 may 1987)

UX rapped over expert svitems use

Top managers in British industry are ignorant of
the benefits of expert svstews, and this could put
them at & disadvantsge with fcreign competitors,
sccording to Brian Oakley, director of the Alvey
Directorate.

Expert systems can help people make better snd
faster decisions, snd managers in Jepan and America
are slready using them, according to Oakley. "It
vorries mey' he ssid, "but the evidence of what one's
competitors are doing is perhaps the best spur.” He
zade these cosments last week at a3 presentation of the
findings of a8 report into the use of expert systems in
British business, that wvas prepared tor the Alvey
Directorate by information technology consultant
Alex d’Agapeyeff.

Tne report highlights the lack of swareness ot
expert systems smcny seni.ct mana,ers in Uk industry.
It slso points out that the spread ol experl systems
is being hemperes by excessive secrecy as well as
ayths and talsehoods sbout the nature ot these
systess. ... (hlectromics Weekly, 1> July ivel)

Al tor MIS managers

NIS mansgers seeking nev weys o improve
spplications development and productivily can now tufn
to the rctifirial intelligence (Al) srena for some
snawvers. There are & number of knowledge prograaming
tools on the market and more are uon the way.

NIS chiefs shopping for these products cs3n make smart




bays in everything from small expert shells to lacge
expert sytem building tools that speed the development
of wore massive and complex applications.

The wost important thing for you to keep in mind
vhen examining the alternatives is that Al is not a
product. It is an scadewmic discipline, just like
physics or biology. Therefore, it is going to be
sround for a long time and will coatinue to spawn new
developments. The curtrent focus of commercial
activity is on a set of concepts, techmiques, and
methnds that have come out of Al labs over the past
decade. While some of the techniques sre linked,
others are only loosely related.

At the most basic level, Al offers techniques to
MIS that vill aid application development and
naintenance and ease user/computer interaction. On a
{roader scale, Al promises a competitive advantage to
those companies that implement the technology in ar
effective manner.

Several industrial sectors will be changed in
fundamental ways when some of the large strategic
systess nov under development berome operational ie
the next two to five years. Those changes should be
wost spparent in the financial services vorle, where
big improvexents in productivity snd in the quality of
decisiocn-making are expected as a result of the
application of Al.

Before you can make 8 smart buy, you need to have
3 strategy. There are roughly four strategies that
have been adopted, either individually or in
combination, by companies that are sctively and
successfully using artificial intelligence
techniques. They include using Al technology to:

. Improve conventional mainfreme applications;

. Improve or develop midsize micro or workstation
applicstions;

. Support users who van? to purchase or develop
small- to medium-sized applications; and

. Implement major new strategic applications that
will traneform the way a company does business.

A decision to focus on improving conveational
wainfrome applications alinus MIS to control the
introduction of Al technology. Since this strategy is
aimed at leveraging applicstions that are already well
understood, the risks sre relstively lowv.

Up until about eight months sgo, the products
needed to implewent this strategy were not available.
Now there are several cowpanies, including IBM and
Cullinet, vhich offer mainframe-based products. Most
of these vendors would like to see the MIS rommunity
using mainframes to develop snd deliver systems that
capture significant smounts of human expertise. In
other wnords, they would like their customers to purgue
an Al course that would lesc to the implementstion of
mediim-sized expert systems or to msjor new strategic
applications. (Many practitioners prefer
"knowledge-baned system” or "inference-based systes”,
but these terms are in fact synonymous with expert
system.)

Developing targe expert systems on msinframes may
eventually become a viable option, but today the risks
ore high and & big investment ie needed to resp teel
revards. A safer route, snd one thet could yield
significant benefits much sooner, is simply to use
Al techniques to reducs maintenance costes and boosr
spplicstions development. ...

vee Another tack that some companies have pursied 10
to develop or enhance midsize, knovledie-based
spplications that can be run on micros or mainframes.

This strategy, like the maintrsme approach, puts
emphasis on leveraging existing applicatioans and un
developing smart interfaces for dara trom spreadsheets
or databases. 1lhe risks are low becacse you can use
your oun programming staff znu your only costs are for
softvare and training. ...

The third Al avenue taken by some companies is to
concentrate on supporting users vho vaant tc purchase
or develop small- to wedium—sized applications. Many
fires have arrived at this approach by default.

Having acquired their own expert system building
tocls, end users and technicel professionals began to
develop their own applications. LIf the applications
are small, then MiS smansgers can probably relax. But
vhen the tool popularion reaches s critical mass, the
MIS shop should provide help and training.

The vendors at the low end of the market seli
easy-to-use products that nonprogrammers can work
vith. Seall expert system building tools are
analogous to spreadsheet packayes. with s
spreadsheer, uszrs are, 1n eitect, entering kncwied,e
and ietting the application manipulate i1t. Ihe small
expert system shell contsius an ":nterence eugine”
that also knows huw to manipulate some type ot
knowledge, uctually 1n tne tors of i1f-tnen ruies. lae
user entecs rules about some analysis st gecision
process that needs Lo be communicated ang then gilves
the system to soweovne who can use it to obtain
recommendations. The first generation of swmall expert
shells are being used by the ssme people who initially
breught electronic spreadsheet programs into cospanies.

The fourth and final strategy is to implement
=3 jor nev strategic applications that will transform
the way your company does business. This is a
high-cost, high-risk approach that can result in
increased profits and competitive gains for your
coapany if you choose the right spplication, have the
right development team, and have lots of support from
senior management. This strategy also usually
requires & major investment in Lisp programmers and
hardvare.

The main impetus for large strategic systess has
come trom the Rab departments or Fortune DUV
companies. tnd users who learn aboul systems their
competitore sre working on push tor similar projecis.

fie development of latge systems has uol been o
major concern of most MiJ departments. 1t could
become a concern of yours, however, when end users 1in
your company perceive that the compeiilion has
schieved a breskthrough in productivity or quality as
# rzsult of an Al system. Then you may ve asked to
Tesearcs and develop s system overniyght. Llheretor-,
some investment in producta that keep you in the know
about ihe high end of the Al technology market is
probably & good idea.

The smart MIS executive, considering what has
been achieved by several ccwpsnies that have made oaly
modest investments in AL, would be wise to start
training some people in artificisl intelligence
techniques. Al is a new technology that is just
beginning to be robust enough for use in the
I3 world. The prices of hardware and software
continue to fall as the quality isproves. Several
®ma jor vendors sre preparing products that, once they
finally hit the market, will lead to even better buys
in the Al srens.

nrtificial inteliigence s hese to stay. Users
will pe doing it. Cowpetitors will be dotng it. nand
sooner .r later suomeune will expect j;ou to de driux
1t. As the leader vl (he Mi> department, you will de
ssked to organize the cnarporale Al eltort. when that
time cumes, you will want to have enough experience
with the technoloyy to recusmend une of more
strategies for using the Coole tnat will help stape




(Reprinted with permission of

your compsny's fulure.
DATAMATION T magazine 1 August 1987 € copyright by
Technical Publishing Company, A. Dunn snd Eradstreet

Conpany - all tights resetved. Excerpted from "Smart
Buys in Actificial Intelligence™, pp. 62-66)

Expert systems and computer sided desi!E

Expert systems will revolutionize computer sided
design (cad), vhich is currently more centred on
graphics snd computer aided drafting than on design
itself. The major role which intuition, technical
judgement and personal creativity plays will encourage
the spplication of srtificial intelligence and the
creation of expert sytems geared to producing
projeccs. Ideally, expert systems should be able to
be used in the preliminary design, that is in the
multidisciplinary phase before the more specific
intervention of the cad systems which currently
operate. These latter systems will see their services
increased by the expert systems, especially in their
capacity to optimize and handle knowledge.

On the basis of sn operstionsl diagrem of the
project and of its technical characteristics and
constraints, the computer will have to apply
optimization slgorithms, consult s datsbase contsining
comporent catalogues, and simulate & test.

ln fact, products have slresdy been announced
wvhich are caspsble of optimizing the set of sechanical
parts, or the mechanized process of a plotting table
for obtaining a part, providing the description of its
manufacture and the type of machines used. Software
is available which enabies standard elements of &
cold-storage plant to be selected and the installation
diagram to be plotted. The preparstion has also been
announced of an expert system vhich wmemorizes the
design process, enabiing it to be subsequently read
and adapted to a new project. Finally, in certain
industriasl domains, such as the design and
optimization of electronic circuits, the large
industrial groups possess very sophisticsted cad
systems of which they have exclusive use. (Bulletin
IBIPRESS, No. 134, 28 June 1987)

Database software

Competition is hotting up in une corner of
America’s burgeoning market for computer software.
This is the $2-billion-s-year business of supplying
softvare for database management - programs that help
users to pick their way through the msze of
information stored in their computers.

Until three years ago, the market for such things
vas growing at an unspectacular 10 per cent or so a
yesr. 1 was divided into three discrete bits,
catering for users of mainframes, minicomputers and
microcomputers. Now the boundsries between the three
are blurring. Input, & research firm, ssys that the
market for datsbase msnagement systems is growing by
20-25 per cent a year, snd that by 1992 it could be
worth sround $6 billion a year.

The companies that have done moat to spur change
are Oracle, Relstional Technology Informiz (RTI), snd
Unify - all Celifornian companies that specialize in
selling what sre known a» relstiona' catabases for
winicomputers. Unlike esrlier database programs,
these require users only to tell their computers what
piece of informstion they need for their machines to
tind it for them. In the psst, detabsse software
required usere to specify not only what they wanted
but precisely how their machines should go sbout
looking for it.

Oracle han grown fsetest. It pinneered
relational detahase products from a set of resasrch
pspers published by IBM in the late 19709, and it has
not looked back since. Tts sales have more or less
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doubled in each of the past six years tto

$131.1 aillion in 1Y80). Last sonth it reported
profits after tax of $15.6 milliva for the year to end
of May, up 165 per cent oa the previous year. The
company's share price has trebled since it ottered
shares to the public in March last year. Oracle 1s
this year expected to overtake Ashton-Tate, an
American company specializing in datavare sottware tor
personal computers, to becowme the third diggest
supplier of database softvare atter lih and Uigital
Equipment.

Relstional products are already beginaing to look
old-fashioned. Companies like two-year-old Uatologic
of Billerica, Massachusetts, sre nov developing the
latest ian database softuvare: object-oriented
programs. These are cleverer than relational tools :in
handling awkvard sorts of data like photographs, maps

and documents of varying lengths. (The Economist,
15 August 1987)

How to speak Chinese faster

A computer in Washington, DC, lets you edit text
in 43 different languages. Doing it with Latin
letters, even with all the various accents, is easy.
Cyrillic slphabet need s special keyboard. Coping
with Arabic, where the letters go from right to lefc
and look different depending on where they cowe in the
word, is irksome. From Asharic to aArmenian, trum
Burmese to Bengali - every foreign language that has a
different slphabet presents one yroblem or another.
The toughest is Chinesa.

But who could possibly need such a computer 1n
washington, L1 Answer: an international
broadcaster, 1a this i1nstance the Voice ot america, s
government—financed raaio station. Frcom the bowvels ot
an office~block, the 4«8 members 3t 1ts Lhinese
broadcasting statf beam out to tne world =ach aay
3 1/2 hours of news and featu es in Mandarin Lhinese.
The "Voice™, #s its devotees cail it, speaks 1in
42 other langusges as well. Its veekly programmes run
to over 1,200 hours. When it computerized its
nevsroom, it decided to ask tirms making tenders to
cater for all its foreign languages - including
Chinese. Xerox von the contract: its bill for the
installation of the systes and 90U desk-top computers
by 1988 is nearly $10 million.

Chincse is a beastly language for computers to
handle. Its thousands of characters (or "morphemes”),
esch ususlly standing for a distinct ides, defy easy
representation. In the 1920s, Chinese telegraphists
assigned a number to each: to transmit the character
that means person, you would tsp out LUBo. (That
meant that Aserican sgents could decipher Chinese
telegraphic messages without speaking a word of
Chinese.) Unly specialists could do a telegraphiat’s
job, though. FPrinting-machines and typewriters have
suffered trom the ssme problem. with sodern
computers, things ace rsther diflerent. A
high-quality screen can easily dasplay Lhinese
characters; the problem 1s not how To edit them, out
how to type them in the tirst place.

Xerox came up with an elegant svlution. The
journslist types the words in Latin characters as they
sound: "Beijing”, for inetsnce. The computer then
looks up those letters in an internsl dictionary, and
produces on the screen the right Chinese equivalent.
lster, the text can be turned into hard copy on a
leser printer. When two different charscters fit the
seme sound, it displays the choices in @ little box on
the scrren. Like the Apple Macintosh, the computer
has 8 "mouse” to move sround the screen quickly: the
typist points the mouse st the right chsracter, and
carries on typing. One advantage is thst two- and
three-syllable words cen be looked up in one go,
rather than character-by-character. Another: phrases
thet sre hard to transliste can be shortened. Bssh in




the three letters SDI, and half a fine of Chinese
euphemism vill appear on the screen. That saves the
station’s sub-editors from having to check that every
writer is using the right "house-style™ phrase.

ith only four hours’ training, s good typist can
mske quite respectable speed. Editing is faster and
easier. The Chinese bit of the Voice of America has
used up the savings in time snd money in & curiszus way
(for a radio station): by publishing a newsletter for
its listeners. To their surprise, "he presenters have
found they can spesk faster Chinese: their radio
scripts have become more legible. They vere caught
out by this st first, and had tc insert extra nevs
items at the last minute to pad out the sllotted Cime.

A small problem looms vhen the Voice starts to
broadcast in Cantonese on May 2nd. People in Cantom
tead the ssme Chinese characters as Handarin-speakers
do; they just pronounce them differeantly. The Voice's
system of Latin-letter equivalents (Piayin, not
Wade-Ciles) applies only to Mendarin pronunciation.
If they want to read as well as write, the new
sefvice's journalists will have to be trilingual.
They will write the English transliteration >t the
Mandarin pronunciation of Chinese words - aa! then
read it out in Cantonese. Try to get your tuugue
round that one. (The Ecounomist, I8 April 1957)

Softvare bugs: a matter of life and liability

A computerized therspeutic radiation machine has
been blamed in incidents that have led to the deaths
of two patients and serious injuries to several others.
The deadly medical mystery posed by the machine vas
finally traced to s softvare bug, "Malfunction 54",
named sfter the message displayed on the operator
consoie. The affair is seen as epitomizing the
software reliability crisis st its worst, snd raises
the thorny legal issue of liability for personal
injuries caused by defective programs. The pending
lawsuits over the malfunctioning machine may set a
legal precedent that could affect all computer users
and vendors. Ultimately, such cases call into question
our increasing dependence on ccmputers for everything
from banking to national defence.

Whether or not the physicians snd cancer centres
are dropped from the suits, which are still in their
early stages, asy ultimately depend on the willingness
of the Canadian manufscturer, AECL, and its insurance
company to shoulder blame for the sccidents. If AECL
tries to deny or minimize its liability, the suits
could turn into s protracted Ilr~gal battle with the
physicians and cancer centres pointing fingers at
Therac softwere and AECL sttempting Lo shift the blame
to operstor errors.

Perhaps the paramount lesson to be learned for
the computer industry st large is whether courts will
view softwsre as a service or s product. (Reprinted
with permission of DATAMATION ¥ magazine®
(15 May 1987, pp. 89-91). Copyright by Technical
Publishing Cowmpany, A. Dunn and Bradstreet Company -
all rights reserved)

Software sales will lose a little steam this year

This year may not be s particularly robust one
for many software compsnies: A survey in Softwvare
News predicts that growth in ssles of softwere for all
computers will slow in 1987. The survey studied the
software-buying hebits of sbout 2,400 US customeres and
found that totsl software industry seles will hit
$17.5 billion in 1987. Although this represents #

14 per cent incresse, it zompares vith s 22 per cent
gain the yesr before.

Even winicomputer software, the star player
of 1986 vould sufter in relstive terms. Thanks
largely to stroag sales of Digitsl Equipsent Corp's
Vax machines, sales of minicomputer programs grew

79 per cent in 1980, to $2.5 billica. But custowers
are expecied %o spend only §$3 billion ia 1987, a

20 per cent iacrease because they did so much buying
the previous sear. Many microcoapuler sottware
customers, confused aboul the next generstiom ot
personal computers amd ¢ 1cations techaology, will
probably put off buying altogether. Ine resultany
sales will rise only L6 per cenl, says dottware

Nevs vs. 23 per cent 1m [Y30. MNMaintrsase soltvare will
fatre the worst: sSales growth wiil flatten tu an

il per cent rise over l¥8o - the sawe as tue previocus
year. (keprintes tros the io March lyoel issue ot
Business Week by special permission, (c) 1¥07 oy
Mcirav-Hill, tnc.)

VI. COUNTRY RLPORIS
Australia

ASIC action is heating up dowm under

Local chip makers ace rapidly gaining strength
down under. The latest Jdevelopment is the
construction by Amalgamated Wireless Australasia Ltd.
of a $42 million wafer fabrication facility near
Sydney to produce application-specific integrated
circuits for the Pacific and Southeast Asian markets.
Amalg mated, Australia's largest electronics company,
British Aerospace (Australia) Lid., and the state
zovermment of New South kales will be partners in the
plant, which will be geared tor 2 l.>- = to i~ =
doubie—metal LMUS process when 1t upens in mid-l1988.
Mot to be outdone, the Victoria state government 1is
also considering construction ol an adit plant and has
approached Plessey demicunductors, ol the un, tor

advice. (tlectronics, la May L1¥87)
Belgium

Belgium's quiet revolution in electromics

A transformation ot research in electronics is
teking place 1n Belgium. Its three main universities,
Lezuven, Chent and Brussels, have tormed an independent
company, the I[nter-University Microelectronics Lentre
(IMEC),* to work on the technologies and manutaczuzing
processes needed for the next generation of
semiconductors. Less than & year after opeaing, the
compauy is carrying out advanced research in
conjunction with more thaa 70 companies world-wide. ...

The Belgium Covernment backed the lsunch of
IMEC. JInitial funds consisted of Bfr 1.1 billion
(around €18 million) for a new R&D centre, which
opencd last year in Leuven, snd & further
Btr 1.4 billion tor the equipmen’. Some money also
came from the EEC's Regional Uevelopment Fund.

The nev centre at Leuven includes lv,%0 st ot
lavboratories and 3,600 mé of "clean rooms” - places
wihiere the Cemperature, pufity and humidity ol the air
ate closely controllea. Clean rooms are esseuntial lor
the manufacture of sophisticated chips with very line
citcuits. iMel's tactory 1s equipped Lo proauce chips
wvith circuit elements that sre just | micrometre
acrose, one-fittieth the widlh of human harir.

* See alwo lssue No. 16, p. «l.




IMEC has the facilities to produce prototypes ot
the chips it develops — 80 it car werify that the
devices it designs actually do rhe job intended, and
that it can munufscture thes efficiently and
economically. The centre will cost sbout
Bfr 1 billion a year to run, with 69 per cent coming
from the Covermment, and the rest from industrial
contracts.

Although IMEC is in Cthe business of saking money,
it aime o keep at the forefront of both fundsmental
electronics research and its spplications. Coatinued
Covermment funding will ensure that fundamental
research is not neglected. ...

IMEC was the ide2 of Roger van Overstraeten, a
professor at Leuven University. Although he is
president of the company, it is goverced by a board of
directors which includes industrislists, academics and
govecnment ministers. The chairman uf the board is
Eugene van Dyck, from the Bell telephone company in
Belgium.

The centre collsborates with companies in twe
different ways. It invites scientists from industry
to vork on problems of common interest; asnd it
carries out complete research projects and develops
vhole sanufacturiag processes thst caa then be
trsasferred to the company.

Engineers from Europe's Centre for Particle
Physics, CERN, came to Leuven to learn how to Jdesign
very large-scale integrated (ViSl) chips with IM's
softvare. The chips are now in production, for
inclusion in future generations of electromic
equipment needed by CERN.

Today's users of chips are moving more and wmore
tovards vhat are called application specific
integrated circuits -~ ASICs. These ate chips that are
built specially for s particular spplication, so they
make best use of the silicon and result in cheaper,
ssaller ways of implementing a task as an electronic
circuit. Building the sswe function from
"off-the-shelf"” chips means cobbling together the best
fit of electronic devices for vhatever you wish to
maka.

This is not only clumsy, it is also easier for
competitors to copy. According to Mike Morgan of
Eurcpein Silicon Structures (a pan-European company
specislizing in ASICs}, the European market for these
devices will be around Ll billion in 1990, twice the
current value.

Until ncw, ASICs have been the privilege of only
& few - those involved in applications such as
defence - because the initisl design is eo
complicated, snd because the world has so few skilled
designers of chips. The sophisticated software now
avsilable helps engineers to design chips by
describing what the end product will do, without
having detailed knowledge of chip design itself.
Centres such as IMEC mske this type of software
accessible to small companies, most nf whom cannot
afford either to employ chip designerz, or to buy
outright the expensive hardvare and softwvare st does
the job for them.

. But perhaps IMEC's most exciting plan is to
provide the people vho will design snd manufscture the
chips for tomorrow's computer and communications
oystems, IMFC's computers are linked to universities
and industrisl high schools. So students cen use ite
sophisticated softvere to design chips, snd have the
designs fabricated on IMEC's prototype manufaecturing
line.

Six months agn, the centre isunched an initistive
an "multiproject wafers”. These are silicon vafers
that contzin seversl different designe of chip fiom
diffe.«nt companies. Besides the design process, the

other prohibitive factor in makimg custow ckips lies
in waking the "sask™ - 3 s0rt ot stemcil from which
the circuit desiyn 18 transferred ta the wvater ot
silicoa.

By allowing companies to share vae mask, IhE\ can
reduce dranatically the :aitial cost of developing
custom-duilt chips. Morgan cxplsins taat a chip
typically aas 1 to I+ layers, cach needing a wash.
The cost of makiag masks is about $21,L0V per chij.
“Lf ten eesigns are doue on oae water, then Che cost
pet company comes down to $2,%0u." ... {(TIhais tirsc
appeared in “Mew Scientist™, London, & June 1¥&J, the
weekly reviev of sciemce and techaology)

China

Electronics in China: che great leap forward

China's present Covernment, determined to upgrade
the country's infrasstructure, modernize indust:y, and
raise the nation's standard of living, recognizes that
advanced technalogies - and in many cases manageseat
techniques borroved from other countries - are
essential ingredients. And because electromics is
basic to most modern industries, this ares of
technology is receiving high priority, says
John Callebsut, director of cevelopment and govermment
relations for tnhe Mational Council ter US-iunina Iradge,
an industry-sponsored group in Washinytom, ut.

By world standards, Lhina's eiectrcnics industiy
27111 has a long way tu go. ia sexicunductor
production, for example, “there is a big yap 1n many
areas”, admits He Mingchang, depuly director of mai
for National Llectronic Uevices, the 4rm ot the
Ministry of tlectronics Industries (McL; thnat
co-ordinates electronics development ana
manufacturing. The chief vbstacles to prugress, he
says, scte the country's lagging capabilities in
computer-aided design, engineering, and wmanufacturing,
coupled with a lack of adequate equipament in certain
key semiconductor production areas.

For example, while China has imported several
complete semiconductor production lines, it does not
have specialized chemical purification systems that
would help reduce contamination in critical
manufecturing steps. Also, the country is unable to
make the sensitive monitoring equipment need>d to
maintsin precise prccess control, says He.

Kevertheless, China currently produces an arrsy
of analog snd digitsl iutegrazed circuits for
communications equipment, instrumentation, consuser
products, and computers, including b4k KaM chips and
4- and 8-bit microprocessors, according to ie. 1lne
countty has slso produced prototype jallius arsenide
(“aas) yate arcay chips, though still at a iow to
wedium level of integration (fewer than 1,UUU devices
per chip). all equipment used (o tsbricate the
two-iich Gans waters trowm which Che chips are made 18
domestically designed.

sewmiconductor resesrch programmes tocus
components for telecomsunications

and on high-level integirates circuits,
He. [he most smbitious project is s
proposed $40 million plant to manufacture chips for
sutomated telephone exchanges. To be located in Wuxi
(s city near Shanghai that is becoming known as
China's Silicon Valley), the plant will be s joint
venture vith foreign companies; potentis’! partners
include AT4T, West Cermany's Siemens, and France's
Thomaon.

Current
on microvave
spplications
according to

In sddition to MEL's own activities, & series of
sveeping economic reforms announced by the Government
lase fall will have & profound effect on the
electronice industry, says Zhang Zhidong,
vice-president of the ministry's import-~xpor. stm.
These reforms will loosen the miristry’s grip of




China‘s central planaing sgencies, which until now
bave kept tight coantrol over every aspect of
production. As the reforms are enacted, planning
fumctions will shift to mumicipal governments and
individusl factories, thus “giviig factories and other
eaterprises wore decisionwmaking pover, including the
pover to initiate things™, says Zhang.

It will even be possible for them to forge their
own allisnces. One example is the Panda Group in
Kanjing province, vhich consists of several factories
waking colour TVe and tape recorders. "One factory
used to report to the Bureaz of Administration and
Brosdcasting, smather to the Adwinistracioa of
Components. Ian the past, it was unimaginable that the
two factories could get together and talk about common
problems™, says Zhang. But now, “they are able to
start co-operating”™. Another new alliance combines
Great Wall Microcomputer, Loagzin Electronics, Kualun
Electronic Printing, Morth Computer Auxilisry Design,
and China Computer Leasing into the China Computer
Development Corp., which will co-ordinate imports of
computers and technology as well as oversee domestic
sanufacturing.

Interestingly enough, the author of these
2conomic reforms is none other than Zhao Ziyang, the
aev secretary of the Chinese Communist Party's Central
Committee, wvho recently replaced ousted secrelary Mu.
Zhao's commitment to such veforms bodes well for
China's continued economic elliances with other
countries and its increased openness to foreign
ideas - despite tensions caused by this past winter's
student protests. "We will continue the policy of
opening to the outside world™, ssid Zhas in s
statement rveported in late Jsauary by Xinhua, China's
official newvs agency. "We will expand ins:ead of
reduce out co-operation with foreign countries” (High
Technolog:, June 1987, p. 55)

Chins tc estatlish nationwide data bank

Chins will earmark $1.9 billion by 1997 to
establish computer centres in 2,000 districts as part
of s data bank network to collect and analyse national
economic information. Now, each province collects
information and makes a report independently. This
takes & grest desl of time a9 does subsequent snalysis
and evaluation of the data. The network should speed
up this process to allow more timely decision making
in ecoromic policy. (AEU, No. 2, 1987)

India

Softwvare pover comes to Indis

"India has the potential to be & vorld power in
softvare like Japan is a world power in the
manufacture of hardware.” So says Charlie Simon,
managing director of Texzs Instrumeants (India), the
Dallss-based semiconductor firm's softvaere subsidiary
in the southern Indisn city of Bangalore. Texas
Instruments and other Americsn firms have set up
operation in Indis to take advantage of the country's
huge pool of technical and scientific manpower,
especially its highly trained computer progremmers.

India’s educstional and technological
institutions, offering training in engineering,
spplied science and advanced technology, sre respected
sround the world, snd many students sre now eatering
the computer field. There are estimsted to be between
80,000 and 150,000 trained computer programmers in
Intin. Says Simon: "Indians have turned out to be
very good progresmers because of their fundsmental
strength in mathemstics”.

Two years ago Citicorp, the largest Americen
banking firm, established in Bombay e wholly owned
subsidiary, Citicorp Overseas Software, to provide its
divisions eround the world with computer mof(vare and
consultancy services.

Late last year Motorols eigned
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au agreemeut with P51 vats dystems, an indian
computer-macufacturing company in Bengalore, tor tne
design of semi-customized chips to ve used in Moturola
products. 1lhe tiggest American 1mvestor, thougn, 1s
Texas lnstruments, vhich has spent $4 wmillioca oa 1ts
Bangalore plant, iacluding $1 million tor a satell:te
ground station that allovs employees in Indis to
traasmit programses directly to desiyn engineers 1in
Dallas for use in new integraied circuits.

The Bangalore operaticn curcvently has a staff of
about 7V, including 55 programsers. Hanaging Direcctor
Simon says that Tl was besieged by 2,500 applicants
vhen it first advertized 30 job openings. “There are
not enougt. prograsmers in the US™, he adds. "In
cheosing India, we matched Il's needs with India's
capabilities.”

Tl's starting salsries in Bangalere avecage $190
a munth, a fraction of the $2,50 a wmcnth that a
programmer in Uallas receives. Yet by ladian
standaxds the salaries are good, anu there are other
advantages. Says Ashok kumar Baceja, a Tl sottware
manager in Bangalore: "It 1s realiy satisiying to be
sble to remain 1n india and yet produce the kind of
work you can 1a the Us".

Using [I's sastellite chananel, which can traasmit
as many as YU,UUU lines of prograamsing in oU to
90 minutes, Software Manager Lanapa:i harayana says he
can talk to "technological gurus” at 5. locations in
17 countries and thus keep “in constant touch with
people who are on the same wave-lengtn as me”. The
Bangalore employees are showing how a programmer with
a satellite earth station at his disposal can vork any
place in the world. (TIME, 10 August 1987)

Japan

Working on synchrotrons

Ambitious plans in Japan to buiid expenzive
machines for fabricating the next generation of finer
silicon chips have created a deep rift within the
Government .

The country’s Science and Technology Agency has
angered the Ministry of bducation, >cience and Culture
by proposing to spend more thsn 2500 million on
machines cslled synchrotrons. They generate tine
beams of rafiation that technicians can use to etch
tiny teatures on chips. lhe testures may be less tnan
one millionth of a metre 1n diaweter, making the cnip
far more versatile than existing vtes with crudet
teatures. ...

The science agency proposes building
17 synchirotrons. 1hey i1nclude one big machane,
several medium-sized ones snd a number of small ones.

The largest one, several hundred wmetres in
diameter, will absorb energies of between b and
8 gigaelectronvolts to produce fine X-rays. The
agency estimates that it will cost about £250 million
to builé snd that it will teke seven to eight years to
construct,

The sgency says that it can afford such a2 la.ge
sum because it has cut oack on research related to
nuclear energy. Already, the Covernment haes slliocated
to it a preliminary budget of £4U0,000 for s
feasibility study to assess the merits of the
synchrotron, end it hae asked the agency to select &
site for the machine. The agency is expected to
chnose Nishi Harima near Ussks where the Lovernment 1is
offering lend st a substantial discount.

lhe minietry's rivel plan ts to modity Japan's
largent existing synchrotron to meet industrial
needs. The ministry operates 8 so-calied Fnoton
Factory at the Metionsl Laboratory tor migh-rneryy
Physica 1n feukubs., [t operates at voltages ol uy to




The laboratory also houses a

2.5 gigaelectronvoles.
lacrger accumulator ring, with energies up to

6 gigaelectronvolts, that feeds TRISTAN, s huge
particle collider that is used in physics reseacch.

It is this machine that the ministry wants to readapt.

Byt its proposal has several shortcomings. Ume
is that the machine is not optimized to produce
synchretron radiation; its besms are not concentrated
enough to meet the needs of solid-state physicists.
Moreover, the education ministry cannot afford to fund
another big facility; it can barely afford to run the
ones it already has. For example, the Photon Factory
runs for less than 3,000 hours a year. Rivsl machines
in other countries run for up to 5,000 hours a year.
The facility is salso desperately short of staft.

An extrs burden for the facility's BO or so
physicists is that they must accommodste researchers
from industry who work there. Last year,

194 industrial researchers booked in at Tsukuba. In
addition, the laboratory is conducting joint research
with 21 cempanics. They represent s broad spectrum of
industry, for steel and oil companies to those from
the chemicals and rubber industries.

Many of these companies devote their efforts te
experiments that produce quick, detailed information
about the atomic structure of materials. But the
overriding goal of researchers from industry is to use
the synchrotron machines to make the next-but-one
generation of microchip memories.

Four companies -~ Nippon Telegraph & Telephone
(NTT), NEC, Hitachi and, most recently, Fujitsu - have
each committed £4 million for construction of & "beam
line” (a channel through which synchrotron light is
tapped for experimental purposes). They hope to use
synchrotrons to etch chips with lines of less than one
quarter of & millionth of a metre in width.

Though synchrotrons are expensive, at least
£10 million each, they can be hooked up to eight or
wore beam lines connected to wafer exposers. So they
are well suited in theory to the mass production of
chips. The problem is that they are too big at
prescnt to fit on the factory floor. Chipmakers
world-wide are, therefore, hoping to make smaller,
more manageable synchrotrons.

In Europe, there ire two centenders, COSY
Microtec of Federal Republic of Germany and Oxford
Instruments, which recently received an order from IBM
for a compact synchrotron. ...

The Government's Research and Development
Corporation of Japan is giving Sumitomo Electric
around t5 million over the next four years to develop
a smalier synchrotron.

Another member of the same group of companies,
Sumitomo Heavy Industries, is developing its own
superconducting compact synchrotron independently.

The company hopes to have it ready by 1989, Other
companies seid to be building their own synchrotrons
secretly include Mitsubishi Electric, Hitachi, Toshiba
snd Furukawa FElectric. The biggest snd most guarded
effort is that of NTT, It is building two
synchrotrons at its Atsugi laborstories in Tokyo.

SORtec, 8 consortium of 1] manufacturers of chips
and chip-making equipment, is also actively making
smsller machines. The consortium was established to
develop synchrotrons and peripheral technologies for
micrachip photolithography. It plsns to build a
synchrotron that operstes ot energies of up to
) gigselectronvolt et a facility adjacent to the
Photon Fa:tory in Teukuba.
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All this activity indicstes that Japan is bidding
to dominate the microchip markets of the future. It
now seems likely that by the middle of the next
decade, Japan vill have more synchrotrons in operation
than any other country, including the Us. (Thas first
appeared in "New Scientist™, London, 13 August 19%7,
the veekly review of science and technology)

Malaysia

Home of electronics multinationals

Kuala Lumpur epitomizes the new cast. 1ihe city
is a melting pot of new i1dess aud old values.
Skyscrapers tover over a city Iilled with the clamour
ot a growing country.

On the ground, shining Mercedes race along new
highways, while in snother part of the city rickshaws
vobble through centuries-old street markets.

The contrast is typical of developing countries.
Nations whose economies have been based on agriculture
and natural resources are now rapidly striding into
the lste-20th century. Malaysia has been ateadily
industrializing over the past 30 years and is now
building up a formidable electronics industry.

Malaysis has immense natural resources. Tin and
rubber made it one of the wealthiest in the region.
But in the 1950s the country still relied heavily on
imports of manufactured goods. The Governzent
therefore began attracting foreign multinational
companies using an attractive package of tax
incentives and the availability of cheap labour.

when the tirst US electronic companies arrives 1n
Malaysia, the t:overmsent was concerned that they wouls
shut down once the attractive tax incentives which
drew them to the country ram out.

These fears have turned out Lo be untounded.
Thirteen years after National demiconductur opened the
first US factory in the country nearly all the top US
companies have followed. The US operations are wmainly
assembly and test, with circuit design and fabrication
being done in the US. 1In the 1970s, Malaysia seemed
ideal for sssembly because of its very low labour
costs which were M§3 a day (75p). Now, with increased
sutomation and wage rates rising to M$10 (£2.50) che
country no longer has this advantage.

On the surface it would make a lot of sense for
the US companies to move their operations closer to
their markets in the developed countries. However the
Americans have two good ressons for staying.

Firet, they have too much invested in capital and
human resources. Secondly, they are ideally
situated to serve the growing market in south-east
Asia.

According to Jerry Lee of fexas Instruments the
future ot the US companies lies tirmly 1n Malaysia.
"We came for the cheap labour and che tax advantages”,
says Lee. "but we are stayiny Decause ol the
expertise we have vuilt up here. ns far us assembly
and test are concerncd we have more expercise her:
than wve have in the US. We sometimes have to send our
Malaysisn engineers to the States to solve their
problems."

Rather than pulling out, the Americens arte
pumping willions cf dollars into the country each
year. This yesr the 16 US compsnies in Malaysis are
expected to invest nearly M$76,500,000 (£19,500,u000)
worth of some of the most sdvanced sutomated ssosembly
and test equipment.




The Japanese electrunics rompanies in the
country, which include NEC, Hitachi, Toshiba,
Matsushita and Mitsubishi sre ianvesting very much
less. But the Malaysian Government believes that many
Japanese companies will be forced offshore to avoid
high labour costs at ho-e and the soaring yen.

According to the Government's masterplan for the
clectronics industry the priorities are to diversify
avay from semiconductor test and assembly and to
increase Malaysisn involvement in the eiectronics
industry.

N. Sadasivan, director general of the Malaysian
Industrial Development Associstion (MIDA) expects that
some local Malaysian companies to emerge will serve
the semiconductor assembly, such as suppliers of lead
frames. But he does not expect the country to develop
its own indigenous electronics industry.

The priority as MIDA sees it is to develop &
capacity to replace imported components with those
produced locally.

"Our policy is to attract toreign multinatiovnals
to develop an industry here that acts as an engine to
stimulate other parts of our economy.” It will act as
an eangine by creating wealth and drawing botn
subsidiary companies such as lead frame suppliers and
consumer electronic companies. ...

Sadasivan hopes the established electronics
industry will continue to expand and hopes to attract
investaent from Singapore, where labour and land costs
have become too high or some companies. He believes
once a8 strong semiconductor industry is in place it
will be a matter of time before consumer electronics
and computer companies move East. (Electronics
Weekly, 20 May 1987)

Netherlands

Dutch flower power

At a time vhen rapid transportation and lower
costs are allowing competitors in countries such as
Colombis, Israel, Kenya, and Spsin to take advantage
of better growing seasons, the Dutch are relying
increasingly on computers to maintain their strong
lead in the world flower market.

Using computers and automated equipment to
control the armount of light and the spplication of
water and fertilizer in greenhouses, where 30 per cent
of the cut flowers produced in the Netherlands are
grown, the butch are improving their productivity in
an industry which they have dominsted since the tulip
age of the Ottomen Empire in the l16th century, when
the sultan traded silver and gold for new hybrids of
his favourite flower, thus encouraging s vignrous
market in what the turks cslled tuliband, or turban.

freshly-cut flowvers
catalogued by computnr

Before dewn every weekday,
sre sorted, assigned a code and
as they arrive from growers for early-morning sucticas
at markets around the country. Bidders in auction
pits use personalized smsrt carde to log in on the
computers. Then, during the suctions, as flowver-laden
trolleys, guided by chasins, pass before them, the
bidders listen through headsets to suctioneers, who
describe the flowers by grade and classificstion.

All transscticns sre registered on the computers,
which also quickly compile bille, so that the flowers
cen be picked up by the buyers within minutes, or sent
almost imredistely to shipping areas for delivery by
plane to export markets in Austrelis, Japsn or the US
on the same afternoon or ssrly the next morning.

Officisle feel that, without the aid of
computere, the Dutch industry would have difficuley
keeping up with the output. Well over 20 million cut
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flovers and one million house plants are bought im
auction halls throughout the Netherlands every weekday
worning, and the butch produce seven biliion cut
flowers and U0 million house plants each year -

6) per cent of world exports of cut tlovers and 51 per
cent of exports of potted plants. (Bulletin IBIPKESS,
No. 131, 7 June 1987)

United Xingdom

Alvey* cives ISF go-ahead

A project to make the UK » world leader in
Information Systems Factories (ISFs), a type of third
generation integrated project support environment
(ipse), has got the go-shead from Alvey.

A contract vorth more than t200,0U0 has gone to
GEC Research and STC Technology to conduct a stCudy,
with help from Edinburgh and Lancaster universities.

"Our job 1s to identity the critical needs ot il
developers and tind ways ot applying new technolo,ies
to these needs”, says Gavin Uddy, leader of tne stuay
for GLEC Research.

David Morgan, director of sottware engineering
for the Alvey Directorste believes 1987 1s the year ot
the ipse: "lt 1s important to start thimking about
the next generation, snd we see the ISF stuay as an
important step in this process. The LSF architecture
is s key component in the integration and application
of new technologies.” (Computer Weekly, 14 May 1987)

Customized chips bypass small firms

The GCovernment may s=t up silicon cencres 1n s
campaign to increase the use of custom-made chips
after finding that the "second revolution”, in
microelectronics, is bypassing smaller UK companies.

Action is needed 2o stop these companies miasing
out, says 8 study on the use of tailor-wade chips by
consultancies Shortland Associates and Butler Cox.

The study, commissicned by the Uepartment of
Trade and Industry, says the UK is leading curope in
applying custom integrated circuits, although only &
third ot the market is met by UK chip manutacturers.

Large UK firms have taken advantage ot the
opportunities offered by specialist cnips, yet a
staggering 70 per cent of small tirms do not use
custom~wade chips in sny form.

Companies using this technology report lower
manufacturing rosts and increased product relisbilaty
and functionality, the report says. Swmall tirms have
been sble to reduce costs by up to 20U per cent and
introduce new product ranges.

The report highlighte a worrying trend of smsll
companies that do not use custom integrated circuits

of underestimating their competitors’ use of the
technology. The Covernment is recommended by the

report to create a cugstom silicon awvareness campaign
to alert small companies to the benefits of the new

chips. (Computer Weekly, 14 May 1967)

UX software engineering initistive

The Department of Trade and Inwustry has lsunched
an initistive in information technoloyy, aimed ot
encouraging the development and use of i1mproved
softvare engineering prectices, methods aud tools in
the commercial dets processing market. Called
11-STAKTS, the new initistive folows the >1AKI>

* UK's government-backed nlvey research
programme.




(Softusre Tools for Application to Large Real Time
Systems) programme, which wvas set up in 1982 and is
rua by the Nationsl Computing Centre on behalf of the
DTI. STARTS aims to raise the standard of softvare
engineering practice in the UK through co-operation
betveen purchasers and suppliers of large real time
systems.

John Butcher, Parlismentary Under-Secretary of
State for Trade and Industry, who aunounced the launch
of IT-STARTS at a recent LTI conference, said,
"Software quality issues, particulerly standsrds, sre
fundamental to raising the performance of the industry
if the UK is to secure & greater slice of the
market™. Mr. Butcher also announced that the DTl's
Fccus committee, which advises on IT standards, has
recently recoemended action to harmonize standards for
quality management systems and to encourage their
applicstion to softvare production. Costs and
benefits for software and the need for a certification
scheme are also to be reviewed. (Eu‘ineerin!.
Iuly/August 1987)

EEC

European Community funding for Esprit is doubled

Europe’s collaborative computer and
telecommunicstions research projects, Esprit and Race,
sre to start next year following the agreement of s
British compromise plan by Europesn smbassadors.

According to Esprit director Jean Marie Cadiou,
the agreement opens the way for a much larger Esprit
prograsme. Funding for Esprit 2 is to be
ECU 3.2 billion (£2.2 billion), double the amount of
the first Esprit programme. Areas will be integrated
design aud production systems, high-speed silicon
integrated circuits, non-volatile memory macro cells,
advanced systems for engineering environments and
parsllel architectures.

The Race development phsse could start as early
83 spring 1988 and will receive funding of
ECU 550 million (£385 million). (Electromics Weekly,
22 July 1987)

Latin Aserica

Network link-up between USA and Lstin America for
nedicsl research

The Pan American Health Organization (PAHO), the
Baylor Research Foundation, the Nstional Resesrch
Foundation and the National Cancer Institute USA have
started up & new electronic service called Internet to
stresmline the transfer of the results of medical
research between the centres. The network link-up is
ensured by microprocessors located in the American
research institutes.

Now the Latin American doctors who are members of
the American Cancer Resesrch Information Project
(LACRIP) can also, within s day, obtsin the lstect dat
on cancer research carried out by other American
institutes.

Using an international data communication network
end an electronic wmessaging service, Internet ensures
the link-up, vis telephone lines, of the
wmicroprocessors of the Latin American and Caribbesn
centres with the headqusrters in Washington DC,

When 8 doctor in Latin America wishes to obtsin
information, he requests, through his microcomputer, s
link~up with the internationsl network. After heving
inserted his own recognition code, he cen sccess a
computerized electronic messaging eservice in the USA.
As s00n as there is link-up, the resasrcher tranamits
his own request which the central processor puts into
an electronic mailhox. The processing centre in
Washington sees that the requests made sre analysed in

the given time limits. To satisfy such requests, the
link-yp with the data base is then established in real

time.

Unce the inforwation is obtained, it 1s sent back
to the electronic messaging centre and t1lec 1m Che
sailbox until the researcher at the other end of tne
continent proceeds to retrieve it. all tnis can be
done vithin a day.

The Lnternet system 1s currently uperating
between Chile, Losta Kica ard the usa, but other
countries of Latin America sucn as Brazil, Venezuela
and Uruguay atre already preparing the infrastructures
for the link-up. (Bulletin IBIPKESS, Mo. 131,

7 June 1987)

Southeast Asia

Japanese investments

Japanese cospanies are flocking into Southeast
Asia to soften the impact of the high yer ou their
export performance. Their hosts are hoping they vill
bring more sophisticsted technologies and share their
know-how.

In January, s joint Thai-Japanese vorking group
on technology transfer was established, while the
sasll and medium business agency in Tokyo has been
urging the Government to promote techunology transfer
through improved tinancial and tax iccentives, tor
example.

Preliminary estimates show that Japan's totat
investesents 1n doutheast Asia were U>3is.D> billiou 1m
1960. Data trom Japan's asinistry for Trade and
Industry show that «U per cent ot total overseas
investment 1n the last eight mwonths ot IY80 went to
Asian countries.

In Thailand, the number of new Japanese projects
seeking government tax in:entives rose to «/ last
yesr, from 27 in 1985, the local investment board
says. Totsl Japsnese investment rose trom
US$17 million to US$6S million. The board expects new
projects to exceed 100 this year and has set up s
special Japan desk to attract more funds.

Narongchai Akarasenee, senior vice-president of
the local internationsl finance corporstion, says:
"Now it is the Jspanese partner who needs help.
Joint-venture partners on the Thai side can now
negotiat> with their Jepanese counterparts for better
teros and conditions, especially on technical
know-how"' .

Indonesia, by ccntrast, has long psid lip service
to technology transter, but last year's >U per cenc
slump in earnings frow oil, source ot two-thirds ot
annusl export income, has lett the couuntry ia nd
puzition to take any weasures that might discourage
foreign investment. In 1l98L, 4V per cent of all new
projects aud about 4U per cent of the totsl smount
comuitted by toreign investors came from Japan.

Uver the last five years, indon=sia has received
@ore Japanase i1nvestment than any other Asean member.
At present, however, the Japancse tavour liong Kong,
South Korea, Taiwsn and Lhina in Asis. These are
followed by "hailand and Singspore, withk Halaysia end
Indonesia a poor third and the Philippines s country
of last resort,

The countries with a fast-developing industrial
base stand the best chance nf improving their
technologicsl know-how via Japanese investment.

In Singapore, for example, Japanese companies
made investwment commitments of US$233.. million last
year, double that committed in 1985 and an smount which
exceeded US investment for the tirst time since 1979,
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Aiwe, which stacted making . _uio equipment in
Singapore 12 years ago, is exparding into such
products as compact-disc players and digital audio
tape recorders. It is setting up a resesrch and
development division which will be headed by 15 local
engineers.

Yokoqawa Hokushin Electric has set up a
US$3.3 million hi-tech engineering centre to make a
variety of sophisticated instruments for export.
"With Singapore's trying to train more engineers and
technicians, this is precisely what we would like to
see established,” ssys a senior Singspore official.

The centre will concentrate on sophisticated
engineering design and software developwent for
industrial processes. Of 52 employees, 42 are
enginzers.

Takasaqo, the biggest flavour and fragrance maker
in Japan, is also estsblishing research and
developeent facilities in Singapore. It has set up a
laboratory staffed by 10 researchers, half locals, to
"custowmize products made in Japan to meet local and
regional market requirements,” a compaay otficial says.

Later, Takasago intends to develop fermentation
techuiques t9 create nev fragrances and flavours.

Sony, Aiwa'r parent, has selected Singapore as
the site for its first oversess centre for
manufscturing prezision components. The
U5$16.7 million centre will expose local workers to
new manufacturing skills using computer-aided design
and manufacturing, says a Singapore official.

Sony will employ 100 initially, including
30 engineers and technicians whe will be sent te work
in Malaysis, Tasivan and South Kores sfter training.

The Japanese machinery exporters’ association
says that high value-added products requiring
sophisticated production and mansgement know-how are
mostly being produced in Japan.

Even in the case of South Korea, where technology
trensfer and res;earch collaboration with Japanese
groups is already advanced, the Japanese are mainly
transferring component assembly or the manufacture of
products that have lost their competitive edge at home.

The less developeds Asean countries are in & worse
position than South Korra, Singapore snd Taiwvan.
However, in Indonesia Toshiba has entered into a joint
venture with a local company and established a small
R&D division to develop new designs for radios ard
tape recorders for the local and Africen msrkets.

In Malaysia, Sony is opening a US$16 million
plant in Penang where 100 workers will make
compact~disc playera, radios, rsedio-cassettes and
sterec equipment for export to the US and Europe.

Some Japinese companies are redeploying their
subsidiaries in the more industrislized Asian
countries such as South Korea and Tsiwan to Asean
countries like Theiland and Malaysis where lgbour
costs are low. Minebea, s leading miniature bearing
manufacturer, has set up facilities in Thailand.
Others are producing TV tubes in Taiwan and sssembling
TV sets in Malaysis.

Even in the Philippines, vhere political
uncertainty Was deterred foreign investment, officiale
say there sre nev Japsnese investments with & stronger
technological component in the pipeline - especially
in such fields as #ilk manufacturing, autowotive
spares, electronice and food processing.

As the composition ot J.p.n's exports has shiliteu
so has that of its investmen.. ln Malaysia, more than
7V per cent ot the Us$l.l billiou invested by Japanese
companies 1n 1985 was in manufacturing. Natural
resources - chiefly oil and natural gas, copper asna
timber - took 1Y per cent.

And investment in manufacturing has been shifting
from textiles and machinery towards car and motorcycle
assembly and_ lately, to hi-tech electrical and
electronic goods. The average size of companies,
along with their paid-up capital, has also increased.

Low wazes are the main attraction in Malaysia,
Indonesia, the Philippines and Thailand, which lack
the skills and know—how of Singapore, Tsivan or South
Korea.

Thailand also lacks the support industries
required by Japanese indusi.ries. OUne exsmple 1s the
recently formed Thai-Nippon Steel Engineering and
Construction, a o2 per ceat Thai-owned Us$o willicnm
joint venture to produce otfshore steel jackets,
bridges and other steel structures.

It will employ avout 1,15V Inax vorkers and
1) japanese speciallists and 3anagers. lts tecanical
director toula South: "The Thai engineers and
techinicians slready have the basic knowledge. we have
a specisl computer programme to train them turther.
Sixty per cent of the 350 vorkers tor the first stayge
of the project are skilled, and IV to 1> welders will
o to Japan for a four-week training course. Llhat is
about all that is required.” (South, June 1987,
pp. 101-102)

NIUs to lose their nickname in 1990s

According to the Norurs Ceneral Research
Institute, newly industrializing countries (NICs) will
catch up with industrialized nations in such fields as
steel, petrochemicals and electronics in the 199Us.
Korea, Taiwan, Singapore and other NICs are increasing
their international competitivencuss rapidly dre to the
strong yen rate. The institute warns that Japanese
companies should not depend entirely or the
traditional strategy of export but should meet the
exigencies of developing high-tecn products and
establishing an international division ot labour.

in the fiela ot electronics, 1t 13 noted that
Japanese manufacturers are heavily dunayed vy the
strong yen while msznutacturers tn aofea anc lswwan are
showing good business. For exanple, >amsuny
Electronics (Korea) 1ncreased sales in the farst nalr
of fiscal 1Y8o by 3 per cent with expandea expotts (o
the United States. Ihe company’s pretax protit
increassed 10 per cent. (atU, No. 2/198/)

VII. ROBOTICS AND FACTORY AUTOMATION

"Just-in-time" production management technigues

By spplying methodology instead of technology, UK
manufacturing firms can achieve almost sll the cost
benefits of advanced manufacturing technology (AMT) at
s fraction of tte price. Just-in-time (JI[) is 2
mansgement philosophy originsting in Japan that aims
to cut the time it takes to make products, snd free
the cash tied up in etock and work-in-progress. It
also blows the myth, perpetusted by both management
and government, that all Britsin's industrial ills are
caused by overmanning.

The only barsier to JIT revolutinnising
industrial practice is an interpretation ot the work
ethic. In a JIT tactory, it 13 not uncommon to see




pcople and machines standing appareatly idle, since
only enough stock is manufactured to satisfy demand;
aothing is produced °just in case'. There is »
knock-on effect too, JIT puts the onus on a firm's
suppliers to deliver just enough, never too early and
not too late, by the hour it necessary.

Just-in-time slso has implications for the High
Street, with city centre stores maximizing the amount
of revenue-earning selling spsce in their prime sites,
by reducing the overhead of buffer storage. Leyland's
high-technology TX 450 truck, which uses computers to
aske it quiet and efficient, was developed
specifically for the frequent deliveries that JIT
demands.

Management consultancy Handley-Walker has
initisted severzl JIT projects, and was vecently isked
by an serospace supplier in Lancashire to plan and
implement a flexible manufacturing sysiem instsllation
for light alloy products. The complete system was to
include automatic guided vehicles, robots snd laser
cutters. But during the study the consultants
discovered that merely by applying JIT principles to
the prese—shop, the company could schieve 95 per cent
of the cost advantages of full FMS for am investment
of just £250,000. The positive cashflow resulting
from reduced inventory aand work-in-progress will
ensure thsat the second stage of the full £3 million
FMS instsllation will be totally self-finarcing.

Just—-in-time is based on a simple but obvious
premise: that firms are in business to make money.
In the wmetalworking industry, 50 per cent of costs are
sccounted for by materials. Only 10 per cent is tied
up in direct labour costs and the other 40 per cent is
overhead. UK management is obsessed by s need to cut
direct labour costs, and as & result, work study
people are paid thousands of pounds to shave off
pennies.

This is misdirected effort. What management
should be doing is attacking waste, compressing
lead-times and reducing the amount of work-in-progress
littering the shopfloor. The quicker the product gets
out to market, the quicker it can be iavoiced snd the
better the cashflow. ‘UK management has a mistaken
impression that work-in-progress is a company ssset’,
says Handley-Walker director Ian Wilson. ‘It is wmost
definitely not. It is a lisbility snd it is costing
UK industry millions of pounds each year’.

So how does JIT work? Consider the traditional
method of manufscture. Soweone decides to produce s
batch of components, the size of which is determined
by an economic bstch quantity formula, i.e. it tskes
the ssme smount of time to set up the machine to make
one off as it does 500 s0 you may as well make a few
more ‘just in case'.

The operator of one machine takes, say half a day
to set up snd finishes the batch three days later.
The psrts are then stored. Meanvhile the machines
downstream are busy making othe- products. A day
later, an expeditor and materials handler srvive to
look for the batch of part-completed products snd send
them to s second machine. These sit on the floor for
s day while the machine finishes its current job, then
the operator sets up and four dsys later the parts go
back to storage, and g0 on down the line. The part
nay only take s fev minutes of machining time to make,
but the door-to-door time could be weeks.

Using JIT, however, the product is 'pulled’
through the process according to demand. The assembly
foreman, for example, might ssk for 250 oarte to
complete the 250 main sssemblies for s washing machine
sitting in his shop. After the right smount of
material to make exactly 250 parts has been drawn from
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the stores, JIT demands that the parts are processed
one at a time. 1iu a JIT tactory, there 1s no
intermediate storage, the parts are passed trom oae
sachine to another as they are cuapleted, and the
machines are otten physically linked together by a
conveyor. Set-up time is driven down by usiug
quick-change preset tooling snd by ietting thne
msachines dounstream koow Lt advance whatl job 1s coming
next. Door-to-duvor time is cut siyniticsantly. a
continuous flow process with minimal losses is not
usually possible, as some operations necessarily take
loager thar others, but the parts would be flowing to
mair. assesbiy in s matter of hours rather than weeks,
with & dramatic effect on cashflow.

There sre other benefits too. Quality is
isproved. lf one operator discovers that another is
producing oversize parts, for instance, instead of
throving the piece into the rework bin he caa shout to
the operator of the first machine to reset the
tooling. Using JIT, oaly two or three parts will need
revork, not the wvhole batch. Expensive floor space,
previously utilized for inventory storage, can be put
to better use and the clerical staff forever chasing
and keeping tabe on work-in-progress can be deployed
elsevhere. JIT can also identify and highlight
bottlenecks in the process and new technology can then
be employed visely to make the plant more etfective.
Through JIT, iavestaent can be directly related to
improved cashflow.

[t JIT can wqueeze down leac times it can also be
instrumenzal in bringing new products to market
faster, giving companies an edye over therir
competitors. And in respunding only to demand, the
method will automatically reduce the awount ot
potentiaslly obsolescent stock gathering dust in the
varehouse.

In practice, ss mentioned earlier, some
operstions in the process will tak: longer than
others. The way components sre pulled through the
shop is controlled by using kanban {the Japanese word
for jobticket) signals. Ia the simplest case, a
kanban can be a square chalked on the floor on the
downstress side of a machine. If the kanben is full
then the operstor of the machine upstream stops
working. The result is that maachines and operators
are seen to be idle.

This is snathema to Brizish sanagement and seems
st odds with s nethodology that cowes from Japan - the
fand of hard work. But it sll makes economic sense.
There is no point in keeping pzople and plant busy
jJust to produce expensive work-in-progress, which osy
wvell become obsolete anyway, for no better reason that
Lo satisfy arbitrery accounting procedures. In Japsn
th.s time would more likely be spent practising
speedier tool changeovers - learning to be like
wechanics st & pitstop in molor vacing - and Cakiny
time to hold meetings on how the product couls be
lsproved.

To date, JiT has been applisd mainly to
straightforvard assembly cperations such as sre tound
in electronics and electro-mechanical spplications.

In more complex nperations, for example in 8 press
shop environment where machine tools are shered,
computers and barcode readers sre necessary to control
the priority ratings of parts coming from different
directione.

A job's priority rasting may increase as it pssses
theough the production sequence, 88 it gethers added
value. To prevenr certain jobs being continually
overtaken by others, the priority rating of esch part
can be made to increase perindically either in
proportion to elapsed time or on every occssion that
the component 1s 1gnored in preference to snother.




JIT is commonly implemented in tvwo stages. The
first sims to reduce the door-to-door tiee of a part
travelling through a factory's production process,
cutting vork-in-progress and finished inventory. The
second puts pressure on a company's suppliers to adopt
the ssme disciplire. In Japan the most important
eriterion in choosing a supplier is not price, but
proximity. The aim is to replace, say, quarte:ly
deliveries in bulk by, ultimately, hourl: ones. A
company may intially have to tolerate & small price
tncrease per compovent, but even so usi:g JIT will
still produce a paybsck. This sleo hss the effect
that JIT becomes contagious, to the beneiit of
everyone down the chain.

Just-in-time can be introduced before s full FMS
implementation in a matter of weeks and can prevent
the culture shock of change, sowething the work-force
might not accept anyway, whilst generating cashflow
that can be reinvested in a controlled and phased vay,
putting technology where it will ultimately produce
the most benefit. (Engineering, May 1987,
pp- 295-296)

FMS halves lead times for machine tool productior

It vas no surprise to discover that Japarese
machine tool builder Niigats uses a flexible
manufacturing system (FMS) to produce components for
its range of horizontal machining centres. (its system
1000 has been operating since 1983 and, representing
an investment of approximately £2.7 milliom, it
comprises five Niigata horizontal machining centres
(three HNBOAs and two HN50As) served by s wire guided
AGV (sutomstically guided vehicle). Two CNC units, a
mill and & vertical turning machine, pre-machine
vorkpiece daturs and these machines, and the adjacent
work set-up area, are also serviced by an sutomatic
guided vehicle. A high b2y warehouse with two
independently crane-serviced sections, one for
unpalletised and non-fixturized components
(200 positions) the other for those that are
(200 positions), plus & tool setting ares and
asutomatic work losding/unloading device, cosplete the
system description. A 16-bit minicomputer having
512 Kbyte RAM and 53 Mbyte hard disc, plus five CRIs,
are responsible for system functioming.

The FHS handles prismatic parts within one »
end parts for 360 machines/year can be made, non-stop
for eix dsys a veek. Only one shift is manned; four
people load/unlosd components to fixture/pallets, set
too.s and pre-machine components. The system can
operste unattended for more than 24 hours. Over 90
different components are machined (initislly it was
10) but with mechine tool requirements currently
running at 280 unite/year, a problems could asrise.
This represents 78 per cent of capacity, snd it was
sdmitted that for the first three yeasrs of operation
machine utilization had to be 90 per cent - then
75 per cent was acceptable.

Compared with conventional techniques, Ni’gata
says the FMS has halved lesd times (five veeks for s
HN50B, for instsnce). But system payback is
10 years. Afcer 10 years, Niigata's intention is to
wmodify, not replsce, the system. Running expenses of
sbout £85,000 every esix months cover tooling,
fixturing and software improvements/sdditions.
Current softwere improvements include more sutomstion
in tool setting and mansgement.

A breakdown of the initisl investment revesls
that 50 per cent was spent on the mechine tools,
IS per cent on jigs/fixtures/tooling, the same for
AGVe and storage, snother 15 per cent for computer
hardware and software, and the remsinder for providing
an automatic fixturing device and tool supplementation
facility, Niigats reckoas the breakdown is typical »f

such an FMS, (Machinery and Production Engineering,
p- 42, 1 April mTT_L‘
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FMS: East vs west ...

Harvard Business School pcofessor,
Ramchandran Jaikusmar, in 1984 studied 35 US and
60 Japanese fiexible manufacturing systems and, ss the
table below shows, there was & 3arked difference in
performsnce. Professor Jaikumar also reportedly made
these assertions as to the reasons for ihe poor
performance of US systems:

- Once installed, the FMS was rarely tinkerec
with - so its true flexibility was not
tealised.

. 1% Japanese systems ran unattended

overnight; no US installation aid.

. «0 per cent of the Japanese companies
wurkforces were college-educated enyineers,
all trained in the use of UNL wachine
tools. ILn the US, eight per cent ot cthe
vork-force were trained engineers, &nd lesy
tiian & quarter were trained in application
and use of (NC.

. System design ultimately suffered because of
this lack of training. Large teams of
specialists tended to design the compiex
systems in the US (more complex than
requited). And ouce the system was
designed, the team disbanded so their
hands-on software expertise dissipated.
Operating tresponsibility was then left in
the hands of people who were reluctant to
tamper vith things. New parts were rarely
introduced and production runs "ended to be
high. In Japan, on the other hand, swmall
teams of engineers with broad backgrounds
designed the systems then stayed togethec
until 90 per cent up-time was achieved.
This encouraged & flexible approach where
bugs were resolved without recourse to
‘hardwire fixes'.

Protessor Jaikumar found that the aversge paydack
for a8 Japanese system was three years, even without
taking into consideration the strategic benelils ol
instsllation. This, he says, discounts tne arjument
that US cost-accounting techniques ‘'re inadequate.

FMS: US vs Japen

us Japan

System development

time (years) . .......c0000. 2,5 to J 1.25 to 1.75

(man hours) .ccveevvvvcoces 25,000 6,000
No of machines per system ... 7 6
Types of parts produced

PET SYSLEM .ccvvvcvevrrrnen 10 9.
Annual volume pa2r part ...... 1,727 258
No. of parts produced per day 1.3 1
No. of new parts introduced

PET YEBT cvvcevrasnsvarnsne 3 24
No. of systems with untended

OPETALION ..ovrrevvovocvons v io
utilizetion rate (two shitts) sia Bua
Average metal cutting taime

per day (hours) ....cceveee 8,3 V.2

(Snurce: Ramchandren Jsikumar, reported in
Harvard Business Review and quoted in Machinery and
Production Engineering, 1 April 1987)




Lead time reduced by FMS: Railvay locomotives

A £1.5 million flexible manufacturing system
(FMS) is to be installed this wonth by GEC Traction of
Preston. Built by Pensotti of Italy, the system will
be used in the production of electric traction wotor
housings, end caps and finish mschined sub-asseablies
for railvay locomotives. About 25 part designs will
be processed in batches of 4 to 60. And trsiitional
lead times of 16 weeks will be cut to just 43 hours.

The systes is the first to be sold in the UK by
Pensotti's agent, Fendius of Warwick. [t comprises
two vertical turning lathes: a five-axis NDM 160,
which has s universal live spindle head for rotating
tools to allow it to perform machining centre
finctions; and a three-axis NT 130. A rail-guiied
vehicle (from RotoMoss, Italy) will jupply 1,500 em
diameter chucke from stands alongside the track, so
that the machines can operate as a pair or
independently to produce parts up to 1,500 wm high and
1,600 mm square in cast iton and welded sections.
Both machines will be controlled by Allen-Bradley
8 650 TC systems linked to a Digital Equipment
MicroVAX LI cell controller.

The wain unit, the NDM 160, has a maxirum swing
of 2,400 wm and & turming height of 2,00V mm to
pachine the vertically-mounted housing-type components
on their top faces and to produce internal/external
festures. The main chuck drive motor has a wmassive
o1 kW svailable.

Its universal head, which is changed into the
spindle from a tool magazine mounted on the cross
tail, allows features involving milling and drilling
to be produced on all faces (except location) and
Jiameters of a part. This spindle can handle driven
tools demanding up to 27 kW of power, but for right
angle machining the power is stepped down to 21 kW,
and to 17 kW for the universal head.

A three-axis, floor-mounted robot will perform
normal tool changes from a 72-tonl pocket semicircular
magazine mounted slongside. There are 12 pockets for
turning tools, end 60 for 150 50 taper toolholders for
non-turning applications.

The smaller NT 130 also has 61 kW to drive its
rotating chuck, and has twin toolchangers mounted
esither side of the spindie. Oue holds 12 turning
tools, the other sccommodates 24 iSO 50 taper
tnolhulders. (Machinery and Production Engineering,
3 June 1987)

Autowmsted assemblv line for kitchen appliances

An ll-gtation sutomated line for assembling parts
tor & kitchen appliance employs the newest
technologies in instrumentation, controls and
computerized disgaostics.

Now in operation at the In-Sink-Erator Division
of Emerson Electric Co, (USA), the line was engineered
by the American subsidiary of John Brown Automation
Led. (England)), a specialist in automsted assembly
equipment. The line assembles four driveshaft bearing
and sealing components into s cast end bell. While
the assembly operstions are conventional, their
control, disgnostics and management informstion
systems are state-of--the-art,

An unusual fesature is the wey the controls sre
station-based rather than machine-based, sn
advantage in assembly machines. Intelligence is
distributad among many small microprocessor driven
programmable controllers (PC) that are packaged as
modiles.

The typical sssembly machine manufscturer,
vithont its own PC manufacturing capability, must
purchase sn off-the-shelf progranmable controller for

centralized, machine based contrcl. an oftf-the-shelti
PC contains a single processor operating hunureds of
input and output points, & scheme that can result in
design and operating inefficieacies tor several
teasons.

First is the high sersor count required by modern
flexible assembly systems. Jonn srow: Automation, tor
instance, believes that a high level cof 1interrogation |
of every sachine move and every part position is
absolutely necessary for minimizing rejects,
diagnosing machine faults, and assuring high system
reliability and uptime. The In-Sink-Erater line is
believed to be the first in the US with this high
level of station interrogation.

As the number of sensors grows, the number of ~
input/output (i/0) signals slso grows. With a central
controller, machine cycle time then suffers because of
the lengthened scan timwe neaded to address all of the
1/0 paints.

Second is the difficulty in predicting during
design how many 1/0 points will be needed. The
engineer at 8 cowpetitive assembly equipment company
will make an estimate and then choose a sufticiectly
latge vff-the-shelf PC. Invariably, the customer
later decides he wants more automation than originally
envisioned, and the designer runs out of poiut
capacity.

The chnice then is to spend $1U,VUU or wote tfor
the next larger sizea PU, or advise the custower Lhat
the machine must be limited to the capacity of the
original controller. Neither solution is & good one.

The wodular approach to control, present on the
In-Sink~Erator line, solves both the efficieacy and
point limitation problems. ...

The basic module is a conventional sequence
controller - a complete PC with microprocessor CPU,
1 K byte of erasable programmsble read-only memory
(EPROM), 16 input and 8 output points, internaliy
selectable counters, timers, and event flags. All [/0O
points are optically isolated to withstand the shop
floor eavironment.

Specisl wmoduies simplify the complex control
tasks that often occur in assembly operations.
Included are designs for handling photoelectrics, dc
motors, vivrators, litt and transter mechanisws, tobot
axes, reject segregation, start-up testing, and tor
processing, convercing, and displaying analog signals.

The control is purposely designed to handle
anslog data and process 1t. lhis is very ditticult
with standard PCs.

For example, the [n-Sink-trator installation
includes module No. WM-141 wnich provides aualoy input

of load or displacement, sample and hold, or auto zero
limits. This module is used to check bearing

insertion load as well as bore diameter and taper.

The John Brown control employs English language
programming, based eon f{low charts and simple
commands. Therefor.:, no knowledye of relay logic,
electronics, or computers is necessary. Because
machine control is distributed, program writing is
split into emall, managesble pieces.

The modules’ EPROM chipes are removable and are
programmed and burned-in external to the modules.
Progremming is avsilable st the factory in England or
at the company's USA oftices either directly or by
telephone.

Users may program chips on a mini~computer with
the help of & monitor and printer. Vrogramming may
also be accomplished on the shop tloor with a portable
CKT terminal. ...




Two specisl wodules - wessage display and video
display - work together. The message display unit
continuously scans all coatrol wodules. If the
machine stops, a nusber is flashed on the dieplay
corresponding to the station and sensor.

The video display module refines the diagnosis by
indicating in English where the problem lies, vhat is
vrong, and what corrective ections might solve the
problem. This module also recognizes a series of
iatervelated faslts, indicating which occurred first
and which should have priority artention.

Intermittent faults are also captured and displayed.
A history of the most recent faults is available, and
analog test results are stored.

A color-graphics touch-screen management
informition system accesses deta processing and
diagnostics modules to provide company management wvith
real-time producton statistics and records. Fifteen
display pages have been customs prepared to
In-Sink-Erstor's specifications.

A key feature of the Management Information
System (MIS) is the trend snalysis of such data.
is vital for detecting potentisl problems, which
enables remedial action to be taken before the actual
problem occurs.

This

The system compiles dats on machine output,
efficiency, rejects, reject raste, uptime, and cycle
and waiting times, all on a per shift basis. For
individual stations. the MIS gives details on fault
susmary, downtime, pass/fail, reject rate, etc. Even
s graph of the besring taper statistical distribution
is generated.

The MIS is supplied with s keyboard, but the
usual mode of operaton is via the touch sensitive
screen. Around the front of the CRT is an infrared
beam grid pat ern which dztects the position of the
operator's finger. Thus, the software can be entirely
meau driven merely by the user touching the
appropriate part of the display. ...

At daily, weekly, or monthly iutervals, summary
dats may be generated to aid management in preparing
production reports, scheduling production, analyzing
trends, etc. The MIS computer features 512 Kb of
memory and 6 Mb of hard disc storsge. (Industrial
Worid, March 1987, pp. 10-11)

Process control system expasnds capability

Comprising the entire range of process-control
products, from new transmitters to control computers,
softvare, and design sod training services, the
Inteiligent Automation Series (IAS) features tailored
applications packages for a host of common
industrial-control problems. These packages include:
pover plant; ammonia plant; ciude-oil processing;
and textile processing; (others sre in preparation).
The manutscturer seeks to provide all the hardware,
software, and support services needed to operste the
system.

The IAS system supersedes the manufacturer's
previous line of plantwide process control, the
Spectrum system. And it includes a control software
packsge introduced last year - the EXACT expert
system - for automated tuning of procese controllers.
The system’'s overell architecture and communications
protocols are designed to comply with the evolving MAP
(Manufscturing Automation Protocol) snd FIELDBUS
standards, allowing for the inclusion of other
manufacturer’s equipment with no communications snags.

The smallest components of the systen sre
transmitters, based on & proprietary "'quartz sensor”
technology.

They are said to provide a digital signal
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having an accuracy of better than U.l per ceat of
calibrated span, and turadown of uvp to 100:1. Mo
analog~to-digital converters are needed.

Transmitters snd other localized equipment
communicate via broadband channels vith ruggedized L/0
enclosures, each of which can hold vp to 32 I/0O
wodules. Throughout the system, self-contained
modules sre used rather thaan coaventional circutt
cards, slloving for quick replacement.

The /U enclosure can be replaced or complemented
with a field enclosure, which can contain processor
modules for actual process coutrol. Both types ot
enclosures {as vell as processor mocules) teature
conductive cores and cooling tins ro dissipate heat
without having to circulate larye volumes ot arr.
Uperating temperature range 1s -i> to *Ju% tor the
field enclosure; the I/0 enclosure has a U-ou%
range.

The field or 1/0 enclosure communicate vath local
or remote workstations, or a multibay centrsl comtrol
room. These vorkstations use high-resolution color
graphics, a mouse or trachball, and a keybosrd for
operator interfsce. Up to 32 processor modules, which
csn be connected to each other within a 300-m link,
define a node. Lepending on the communications
technology chosen (MAP carrier band or broadband), up
to 100 nodes can be specified.

Extensive work was done to expand and improve the
IAS system's confrol software, says the firm. Key
features include a "global” datsbase manager program,
and high-level spplicaticns programs such as
spreadsheet, process optimizer, statistics (including
statistical process control), and various
data-printing or recording techniques. The database
manager allows for plantwvide communication with any
necessary intormation (boch nistorical or real-time);
its occess 13 secured by passwords.

UNIX system V 1: the Dasit operating System lor
the software;} it, together with a proprietary
"executive" program, allows for realrime process
control. In aadition, high-level programming
languages such as ¢, FORIRAN, or BasSIC can be used tor
specific applications; contrul proyrams already
written in these languages can be transferred and put
to use without revising, according to the firm. All
the softwa-e is design2d to be hardwsre-independent,
so that newer languages or updates can be implemented
without hardware modifications. (Chemical

Engineering, 25 May 1987, p. 29)

Want to design a robot? Try watching s bug

Most of us don't spend much time contemplating
insects. But to some engineers, bugs can be downright
inspiring. Researchers at Oregon State University
believe they may hold the key to a new and highly
sgile robot. "They're magnificient models for walking
machines,” declares Eugene F. Fichter, an engineering
professor.

Insects, he points out, travel with equal ease
over smooth Or rough terrsin and move worizoutally or
vertically. Moreover, they're remarkably sdept at
using their multiple legs to step acruss wide crevices
that othervise would require jumping. 1o belp create
the next generaiion ot walking robote, Fichter and nis
colleagues will study the motions of insects and
spiders, hunting for design clues. Their movements :n
walking, running, and maneuvering difficult terrsins
will be filmed; then those images will be digitized
and anslyzed by computer to determine if insect legs
and motions can be adapted tn machines thousands of
times larger and heavier. (Reprinted from the
16 March 1987, issue of Business Week by special
permission, (¢) 1987 by McCraw-hAill Tnc.)




Robotics in the laboratory

Today's analyrical laboratory strains under an
increasing load of ssoples to be processed. To cope,
instruments vere refined for faster performance,
mainly through sutomation. la this regard, there are
notable contributions from the field of robotics.

Stacting in the early 1580'¢ with the development
of computer-zided chemistry, analytical instruments
linked up with computer technology, and so-called
laborstory information managewent systems (LIMS) for
the collection of dsts sand its canipulation, storsge
and management. lastrument mshers asre nov able to
provide laboratories with automation systems to handle
time-consumirg and exacting tasks of ssmple
preparation. This simult ty incr
productivity, improves the quslity of analytical
results and frees technicisns for other work.

To date, automsted analytical systems have found
their greatest application in the pharmaceutical,
food, beverage and environmental labaratories, with
biotechnology looming on the horizoun.

Robotics spplied to laboratory systems vary in
the details of their operation. In one system,
beskers and flasks are moved about the lab bench by s
system ot articulated robot arms, & robot electronics
module, communications interfaces all under the
direction of a personsl computer.

With software designed specifically for the
analytical chemisi, the system allows data accumulateu
during sample preparation, such as weight, dilution
factor and sample identification to be stored easily
on disk. The user has the flexibility for combining
sequences or entering the name of the sequence, vias
the keyboard, for immediate action. For the robot,
absolute positions, relative positinns, finger
positions, rack indexing and such parameters as grip
pressure and travelling speed are programmable.

The system uses s miniaturized version of an
industrial robot - an articulsted robot ara thst
reproduces the five movements of the human arm:
rotsticn around the base of the robot, s shoulder
rotation around & horizontal zxis, an elbow rotation
around a horizontal axis and two wrist rotations
around perpendicular axes. These are driven by five
BC servo-motors.

The robot has interchangesble fingers to handle
different types of vessels end linesr transport to
extend its reach. Optical sensors using
photnencoders, with closed loop feedback, position the
tohot sction. These light-activated sensors locsted
in the robot arm joints send informstion to the
controller to indicate position.

Another system, designed for light-weight tasks
in the laboratory, uses a servo motor driven by a
signal that represents the difference betwveen
commsnded and actual positions. In this system, the
arm is moved through four basic motions: rotation
through the base of the robot sround a vertical axis,
rotstion along the trobot arm around s horizontsl axis,
vertical linear motion and a horizontsl linear motion.

Robotics, from initial use by some companies,
have also resulted in savings in leborstory technicisn

time.

Typicelly in a LIMS system, a sequence of
processes for every sample is performed. In
Perkin-Elmer’'s "MasterLab”, a sequence involves,
first, sample preparation in which robotice is used;
then, analyses performed by one cr more instruments
(atomic absorption, infrered, gas chromatograph,
liquid chromatograph, ultraviolet/visible, ond
nthers). After receipt of the sample, it is logged,
labeled, prepared and analyzed. All of the
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intormatica pertaining to the sample, can o¢ wanages
by computer to iucre:se the lavoratury’s aata nanaling
efficiency. In recest years, LINS systems have
evilved to provide such teatures.

"MastetLad” starts with positioning the rodot in
1ts work ares using a "tesci™ pendant. Unce put into
position, the user assigas the locatioa s descriptive
name, using comwon laborstory terminvlogy. All ot the
robot locations are automatically saved in a dircctory
for future reference.

The chemist prograws the sequence for sutomated
sample preparation procedures using a Robot Language
(PERL) software. PERL permits both relative and
absolute positicns tc de named and saved. These
positious can be combined into a sample preparation
method. The programs can then be saved on a floppy
d sk for rzcall st a later tiwe.

darduare consists of an IbN personal computer
(FC), or other desk-top compatible computer as system
controller, a S5-axis vobot ana a robet electron:cs
module, snd communications interface. cach system can
be designed Lo seet the automalivn reyuliremencts ot a
spec:ific application or sample preparativa procequre.
Depending on the application, accedsory modules, such
as mixers, dispeusers Of balauces wmay De rejuired to
interface with the system.

The YERL langusge used with the system is
designed specifically for the analrtical chesist.
PeRL's "reach”™ module teaches the robot and other
modules specific actions, positions and quantities
that are necessary for the system to perfors a
tesk. ... (Industrial World, April 1987, pp. 13-14)

Limping along in robot land

Once it was hatled as the ultisate manufacturing
industry, an enterprise that would cut American labor
costs, boost productivity and rack up as much as
$4 billion in sales by 1990, Biue-chip giants
stampeded to buy into the sction; bankers panted to
finance the heralded expsnsion. Uptimism was
seemingly unbounded for the US robotics industry,
wvhich produced semi-intelligent machines that were
expected to help American businesses compete with
low-wage foreign rivals over the next two decades and
to improve greatly the quality of American industrisl
production.

Well, that was tive years ayo. sather than
becoming the highly successful purveyor ot tireless,
rfelisble welders, asseablers snd hieavy liflers tor the
auto industty, serospace sna other industraial
concerns, robotici today 1s an i1ndustrial accigen:
victim, crippled by s two-year slump. Sales of U>
robots sre expected to decline Lrom an anemic
$>40 million in 1986 to about $4UU million this year,
miles below those rosy billion-dollar projections.
The number of manufscturers that make robots and
related equipment dropped from 32¢ last year to U0

this year.

Analysts had predicted that 250,000 robots would
be in American factories by 1990; todsy only 25,000
are installed, roughly twice as many as exist in the
Federal Republic of Cermany, which has s much smaller
industrial base. The US lags far behind Japan, where
118,800 robots are in une, Along with sluggish
domestic demand, US manutacturers f-ce 8 shrinking
share of the roughly $1.9 billion global robotics
market. Reason: Japanese competitors have gained o
strong edge in the field and sppear likely to continue
their domination.

Last month, westingliouse Lliectric sold ott part
ot its money-losing Unimation robotics division.
Westinghouse's 1983 purchase ol Unimation tor
$107 miilion marked Big business's arrival an
robotics; IBM, vendix and General Llectric soon




folloved. Unimstioa, founded in 193?, vas a rodbotice
pioneer. Its first product was an $18,000 Unimete
machine used by General Motors to ioad {crged dics at
a Wew Jersey suto-sssembdly plaut. As recently as
1981, Unimation made 45 per cent cf all robors sold ia
the US. Another setdack fur rolotics will take place
soon, when GE plans to fold ite $4 mitlioa robotmaking
plaat in Plymouth, Fla. ...

Oue ares of vulnersbility for US manufazturers
vas the hydrau:lic-robot technology pioreered by
Unimgtion. The company‘s rodots, vhich became the
Amecicen indusiry standard, vere large {up to
4,000 lbs), powerful, multipurpose and expensive,
ranging in price from $30,000 to $200,000 apiece. But
these bulky hydraslic aschines, originally programmed
to perfora tasks by mesns of magnetic tape similar to
that used in tape recorders, were often inaccurate and
susceptible to breakdowns. Despite those dravbacks,
in the early 19803 hydraulic robots sppesred to be the
best vorzhorses avsilable for such automated tasks as
parts assembly, materials handling and heavy-duty
lifring.

Even as US robotmskers wallowed in their early
success, the Japanese, wvho imported their firsc
hydraulic robot in 1967, were coming up with a new
product. Fitted with high-speed computer chips and
sophisticated circuitry, the new electric machines
received instructions via computer-softvare programs.
The machines tended to be smsller, less expensive
($5,000 to $40,00C cach) and not as prone to
breakdowns as their US hydraulic counterparts. Though
electric robots were less powerful, and thus less
caspable of heavy industrisl tasks, their grester
accuracy in tasks such as delicate manipulation and
precision velding made them wmore attractive for the
automotive, aserospace and electronics industries. ...

Most anslysts expect the number of US robotmakers
to keep shrinking through the mid-1990s. By that time
robotics technology may have taken smother impressive
leap forward, with the US once agsin expected to be
the technological trailblazer. Advances now being
explored in American universities and resesrch
laboratories could fead to the creation of machines
capable of walking, improvising tasks and seeing (some
robots can aslready do this crudely, through
computerized video csmeras). By then, the robots'
masters may have learned how to exploit their wondrous
inventions without falling to the kind of psinful
doldrums that now afflicr their once glamorous

industry. (Time, 13 July 1987, pp. 34-35)
VIIi. LEGISLATION AND STANDARDIZATION

Intellectual property turns into high-priced real
estate

A vave of legsl cases has swept the semiconductor
industcy as chip mskers have become fsr more
sggressive in standing up for the rights to their
intellectusl property, in che form of technology
patents snd copyrights. A tightening of practices on
the second-snurcing of msjor chip products can slso be
seen, 88 companies wvho have invested heavily in
developing, for exemple, 32-bit wmicroprocessors,
attempt to ring as much return ss possible - in the
form of dollare or exchanged technology - from their
R&D investment.

Avoiding second-source pacts and prosecuting any
compsny that steps on copyright or patent righte while
sttempting to build eimilar chips ere both vays to
prevent direct competition for a new product from
sppearing quickly to drive prices and profits down.
Enforcing intellectusl property righte ie growing more
important becsuse the industry, particularly the
Japanese eegment, has become very sdept at getting
competing producte to merket quickly.
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But chip companies are also pursuing such rights
more vigorously than ever simply because recent
chaages of the law and zourt decisions have wade it
far easier to do so. Copyright lav has been changed
to cover both software sand chip designs, and the
Intel-NEC court case appears to be setting a precedent
in favor of the originator of microcode, as well. In
addition, & new sppeals court that hears oaly patent
cases has made Che patent lavs easier to emtorce.

With nev legal tools saking it easier to protect
iatellectual-property rights, escadlished chip
companies with tat patent portliolios sre moving to
capitalize on their past work. Collecting substantial
license fees has grown very attractive, sud lexas
Instrusents lanc.'s latest quarterly report shows how
big this can pay off. After suing several Jspanese
makers of dynamic random-access wewories, the Uallzs
cospan; has succeeded in collecting large royaley
fees, thanks to its patents on DUAM technology.

Both Intel Corp. and Motorola Inc. are shoving
great celuctance to let other vendors make versions of
their 32-bit processors; second sources have helped
drive down the prices of microprocessors in the recen:
past, cutting into the profits of the original
developer. At the very least, Motorola and lntel
expect to get something very significant in return for
the rights to second-source their 32-bit processors -
such as the rights to marufacture parts haviang what
they see as equal value. "Semiconductor companies
have stopped giving technology avay fo. a song”, says
industry analyst Dan Klesken of Montyomery Securities
Corp., San Francisco.

Not everyone likes the 1dea of aggressive
protection for intellectusl property. Ubhip makers
that don’t have a great smany patents aren't happy with
it, for obvious reasons. More disinterested observers
wonde v whether the march ot progress will siow gown
consra=rably if a handtul of large compsnies deciiue
to share their technology and designs.

The latest exsmple of a chip maker successfully
reaping rewsrds in an inteliectual-property battie 1is
the extrsordinary $108 million item listed on “he TI
balance sheet for the first quarter of fiscal 1987.
The money represents three yesrs of royslty payments
the Dallas-based company won frow the six Japanese
chip makers. A series of lswsuits by Tl forced the
Japsnese companies into settlements that inciuded
their signing licensing agreements acknowledging TIl's
patents or dynsmic T access y technology.
Further royslties will accrue on a per-unit basis
until 1990.

oo

Cordon Moore, chairman of latel, Sants Clers,
Cslifornis, also predicts that seaiconductar companies
vill hencefr=th become much more sggressive over their
intellectual property rights. Intel itself certainly
intends to: it has hired s top patent lawyer 20 guard
its interests, Carl Silverman, one-time chief patent
counsel for Schlumberger Ltd. anc betore that tor the
General Electric Lo., snd now Intel’s chiet counsel
for 1ntellectusl property. ...

Motoroia's Semiconductor Products dector is
reportedly seriously considering entorcemen: of s
patented dynamic-bus-sizing concept. Several populasr
32-bit microprocessore cen selt-contigure for 8-, lo-,
or 32-bit dats paths, ind their makers may b2 asked to
pay license fees, Motocola mansgers say. Motorola is
also holding out for a major transfer of technology in
return fcr second-source rights to its 32-bit
6802C microproceseor.

Only Thomson CSF has the rights to manufacture
the 68020, and only in Frence - snd Motorols is
reportedly dregging its feet about transferring the
technology to Thomson. Mesnwhile, it has rebuffed
severs] determined efforts from Signetics Corp., which
has so far struck out vith offeres of three complex




68000-tamily peripherals. On the other hand, Moturola
managers in Austin, Texas, hint that the 68020, and
the future 68030, may become one ot the chips made by
Motorola's joint venture with Toshiba Ltd. in Japan.

Intel appears to wvant to gxo completely without
second sources for the 80386, the 32-bit
wmicroprocessor that is everyone's bet to tske cver
the office vorkstation market. AMD made s commodity
item out of the 16-bit 80286, which Latel had spent
millioas to develop, and the Santa Clars firm is not
sbout to let that happen again with its
$100 willion 80386,

Or.e reason for increased attention to
intellectual-property issues is that a growing number
of companies have no real assets except their
intellectual property. ...

Experts point to the restructuring of the court
process snd strengthening of copyright and patent lesw
as key factors contributing to the increasing power of
intellectual-property rights. Before 1982, patent
cases could be appealed to any federal circuit court.
In that year, a new appeals court was formed
specifically for patent cases. This court “made life
wore uniform™ for patent lawyers, says latel's
Silverman. 1In some circles, it is seen as &
pro-pstent court. ...

Coupied with the new pstent court are changes in
copyright laws that ste nov being used as the basis
for legal rulings. Last September’'s decision that
Intel’s 8086-family microcode is protected by
copyrights vas based on a 1980 amendment bringing
software under the protection of the Copyright Act,
and the 1984 Semiconductor Chip Protection Act, which
<covers chip designs. How close & copy can be without
infringing on & copyright resaine to be
determined. ... (Reprinted from Electronics,

30 April 1987, pp. 43-44, (c) 1987, WcCrav Will lac.,
all rights reserved)

French integrated circuit industry to be protected by
)

In France, a draft lew zimed at prosoting a
specific system for the protection on integrated
circuits sgsinst pirating is currently being studied
by the Nationsl Assembly. A similar measure is
expected to be adopted shortly by all the producer
countries of semiconductors since beginning on
7 October, foreigners will only be protected in the Us
if their own country has elsborated equivalent
l2gislation.

While in 1985, a lav had engbled software to be
protected by copyright, the National A.sembly is now
exsmining 8 draft law for the protection of the
topography of semiconductor products. The texe
concurns finished or undistributed components.

This type of protectinn requires s deposit with
INPI (Institute National de 1s Propriécé
Industrielle). Simpler and lees expensive than
depositing s pstent, this must be done no later than
tvo years sfter the topogrsphy hss been made
commercially available, no matter where, and no later
than fifteen years after it has been initially fixed
or coded if it has never been exploited. The
topography cannot b- communicated to third parties
except st the decision of a judge or the suthorization
of the registered owner.

In the case where a nev semiconductor product is
crested by an employee during work houre, the employer
shall naturally have the right to deposit it unless
stipulsted otherwise in the contract.

Third parties prohibited from reproducing,
commercially exploiting or importing pirated chipse
wvill however be allowed to reproduce chips for
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purposes of snalysis or teacking or for creating, on
the basis of such an analysis, a ditterent topoloyy.
(Bulletin IBIPKESS, No. laU, 31 august 1987)

Standardization in CAD

Various European inforsatics equipment
manufacturers have joined forces in order to define an
overall standard in the field of computer aided design
(CAD). These companies sre Bull, ONET, ES2, ICL,
JMEC, Nixdorf-Gadlab, Olivetti, Philips and NMP
(association of Saab, Ericsson ani Asea). The
standardization vill concern the form of storing
background dats - communicating between CAD
applications which are processed simultsnevusly - end
man-machine interface which will provide & greater
guarantee to the users investments and emable thea to
choose from ¢ wider range of equipmwent in their
purchasing.

Similar needs have arisen in the United States,
data transfer between Jitterent tactories having
computer-aided design aud dratting system has rostereas
the definition and yroving acceptasnce ss & standard ot
the ILUES data tormat, designed by a working group set
up by Cenersl Electric and Boeing. ... {Bulletin
ILLPRESS, No. 13>, © July 1987)

The Unix standard takes hold

The modality promoted by AIT of the Unix
operating system, known as System > (system being the
commercial version) has incotrporsted the advantages of
other Unix versions (Unix bsd, x Enix, etc.) making
the Unix System 5 s probable future scandard, the
standardization body EEE (Institute of Electrical and
Elertronic Engineers) which is developing a Unix
standard called Posix is probably taking into account
this fact. However, Unix - in all its versions - is
taking firm hold: in certsin well defined computer
market sectors (supermicros, multiuser and
winicomputers) Unix is the primary operating systes
and x-open, a group of computer manufacturers set up
to support Unix, is gsining influence. On the basis
of current trends, it can be estimated that 21 ot the
Us$7,000 million softwarc market will consist of Unix
products. ...

The Unix system D> was presented by all 1in [Jos
and incorporated the most interesting laprovements
made by the Unix-bsd (Berkeley software distrioutivn)
tamily, which wes created in 1l7])> st the University ot
Calitornia - Berkeley on the basis ot & previous
version of Unix (ATI's Unix system 3). In 1986, the
Unix system 5 release Z sppesred which incorporsted
the isprovements of s fecent version ot Unix bsd (the
4.2) and graphic furctions. With last year’s system 5
relesse 3.0 and this year's release 3.1, Unix can
manage sand exploit all the advantages of computer
networks (sharing dats, spplications, snd
peripherals). (Bulletin IBIPRESS, No. 132,

14 Jure 1987)

IX. SOCIO-ECONOMIC IMPLICATIONS

The industrial Engineer's role in improving knowledge
worker productivity *

In today's environment, the knowledge worker is
increasingly becoming a main force in our economy.
Blue collar workers in the Uniled Statcs are rapidly
being replaced by automstion snd by lower peid worxers
of fahore. As 8 result, our economy 1s becoming more
service oriented with less emphasis on work beiny
pertormed on the factory tloor snd more by knowledge
workers.

* By helvin F. darris and L. william Vining.




The industrial engineering pr.’:ssion has made
significant contributions to American tusiness,
particu’srly in manufacturing. WVith the onset of the
Information Age, and the changing shape and
composition of the work—-force, we must ask ouselves
some fundamental questions.

What does this mean to cational work-force
managenent? To productivity? What role can or should
the profession play in this nev era? Ate these any
proven evaluation techniques that can be applied to
knovledge vorkers?

As wve move into the Information Age, we must
rethink how we apply our valuable industriasl
engineering resources in impreving productivity to
this ever-increasing sector of our workforce. We wmust
ask ourselves if our abilities to measure cutput will
necessarily improve productivity.

Our experience has not been good wvhen we have
applied some of the basic coucepts that wverc
successful ir the factory "o knowledge workers. Some
of the roadblocks that deny us success sre that wve
believe:

. "Someone in management can detine the one
best method and set a standard.” Management
requites that most kaowledge workers
determine "the Lest way” to do their jobs.
We, as IEs, have not successfully defined
the best way "to improve the productivity of
knovledge workers,” except for sowe clerical
workers who have repctitive snd simple tasks.

. "Department supervision has enough
information and the ability to plsn and
schedule, in detsil, worker activities.”
Knowledge workers must be given a high
degree of control over their time within
certain guidelines or milestones. Problem
solving activity does not lend itself to
overly short interval goals or standards
because tasks, unlike factory sctivities,
are not patterned or sequentisl by nature.
Al3y, too much emphasis on control tends to
stifle innovation,

. "Subdivision of labor produces efficiency
because of specialization and bacause vork
can be messured.” Engineering and marketing
are less effective if they are subdivided.
In fact, because of the long tesk completion
cycles and activity complexily, it is
sometimes desirabie to integrate many of
these functions rather than fragment or
subdivide them.

. "Physical objects or outpuls must be
messured to improve productivity”. Although
this concept is effective in the factory, it
is difficult to measure specific outputs for
most knovledge workers. Attempts to detine
sctivities invariably result in omitting
important job elements, unpredictable
occurrences and constant changes in the
measurement basis.

. "Activities have & logical and definable
sequence”., In the factory, the IE analyst
can creste a complete definition of each
micro activity based on s high degree of
physical effore and, to & lesser extent,
mentsl cognition, However, it is slmost

impossible for an analyst to define
everything & knowledge worker does becsuse
of the wide selection of slternatives with
wvhich he or she must deal.
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. "Knowledge workers are indirect or overhead
esployees”™. Une of the increasingly
recognizable irends is that knowledge
wvorkers are becoming wore involved im aduing
value to products or services because ol
their increasing involveweut 1a tue
econvmy. de must recugnize the shiit trva
seeiny them as “indirect™ or “overheas™
epployees to a2 wore direct co-relation to
product cost and service Jeiivery.

As coapeltilion inteasities, even in the tace ot
the customer demands for s vider range ot producis ana
better quality, managemsent must still cut costs and at
the same time meel customer requirements.
Untortunately, if ve as Its do not have the necessary
touls to use, then managr=nt must resort Lo
undesirable actions such as “across tke boerd cuts”.

These types of cuts caa sometimes cripple certain
units of an organization and, more oftea than not,
have an adverse effect on productisity, quality,
customer service and employee morale.

Through trial and error, and sometimes thrcugh
farlure, we have learued that these past cconcepts do
not s=rve the needs of the Info-mation Age. But if
they do not, how do we go about formulating a nev
beginning? A ook at the past, interestingly envugh,
can te helpful.

As ve examine our past, we see vhat happened 1n
the early stages of the lndustrial nge. First, the
s1ze and scope of tactories brought new prubiers to
owners. [hey could no longer coutrol the vork ettort
by visual 1aspection. As s resultr, the comcepts ot
product:ior. were formulated and evolved into management
principles fur planning awmd control.

Secondly, the eztorts of people were defined 1n
vays that fit a physicsl product:on process. Un the
floor experimentation was used to improve production
and manayement techniques.

Thirdly, vecause the process was to convert faw
material intc “angible products, valuation norms were
based on physical counts. Methods of the Scientific
Age were copied vhere situations were studied and
tested against various hypotheses.

Trial and error experiments were sc.epted ways to
progress., Basic principles then were developed and
theories created which later served as guideposts all
across industry.

As we examine the concepts developed by some ot
the pioneers of the IE profession such as iasylor,
Gilbreth and Lantt, we have notecd that the process 1s
sppropt iate, but the context needs to chanye.

foday we sce that success on the tactory lloor
prompted some practioners to wove these concepls to
the office withnut & basic examinastion ot the
simtlarities aud ditlerencez ot ptuduclion and
kaowledge workers. An in-depth analysis reveals that:

. anowledge workers add value to products and
services by thinking And maxing decisions as
wetll as by doing.

. A service base cconomy deals as much with
intangibles a8 with physical measurable
thingse.

. Variety, complexity and the intermittent

nature of .any knowledge worker tasks defy
the type of potential, sequential job
designations used in the factory.




Supervisors of knovledge vorkers canmmot
tightly plan and coatrol their work psce and
pricrities because the contexts of events
are not sufficiently known.

The profession needs to develop a consensus of
belief that s nev ers has arrived and nev thinking
wust be spplied. Ue need to take a basic look at vhat
goes on in the office and define process models thst
fit.

We must develop soms nev basic principles, and
use trial and error experiments to test validity.
Also, ve must recognize the social, cultural ané
economic differences between factory snd knowledge
workers.

Sowe,of these reslities are that knowledge
workers ste management, they are closer to customers
and merket forces than factory employees, and there
are intrinsic qualities to many knowledge worker jobs
wvhich can promote job satisfaction.

Concepts must be formulasted around the reslity
that continuing technological innovation, global
competition sod personsl value systems are major
factors to be accommodated.

Finding ways to create processes and job
descriptions vhich are flexible, sllcw innovstion and
value the individual will challenge everyone's
thinking. ... (Excerpts reprinted vwith permission
from Industrial Eagineering magazine, July 1987,
pp- 28-32. Copyright Institute of Industrisl
Engineers, 25 Technology Park/Atlanta, Norcross,
Georgis 30092, USA)

Studies underline hazazds of computer terminals

A Swedish group has found sore evidence that
electromsgnetic radistion from computer terminals can
have harmful effects. The study, reported in the
July/August issue of VDT News, s newsletter published
in Nev York on video-display terminals (VLTs), is the
second from Swecen to detect statisticelly significant
effects on pregnant wice, although the experimental
observations were not identical.

Last year, Berhard Tribukait's group at the
Karolinska Institute in Stockholm reported a
significant increase in malformed fetuses in mice
exposed to pulsed magnetic fields like those produced
by the transformers in VDTs. Gunnar Walinder's group
st the Swedish University of Agricultursl Sciences in
Uppsals now reports significantly more fetal desths in
pregnant mice exposed to magnetic fields. Walinder's
group slsc found increased - but not statistically
significant -~ levels of fetsl mslformations.

The underlying reasons for the observations
remain unclesr. The two exper:.ments differed in
seversl detsiis, including length of exposure and the
strain of mice. Louis Slesin, editor and pudlisher of
VDT News, says, "These two sete of deta, taken
together, add credibility to claime that VDT radiation
presents & risk to pregnant wowen”. Despite
videspread use of VDTs in the US, the country supports
virtually no research on possible heslth hazsrds. The
Office of Naval Research sponsors :xperiments in
several laborstories on chick eggs, gnd the National
Institute of Occupstional Safety anc Health (NIOSH) is
conducting an epidemological etudy.

Critics cite flavs in both - the naval study
because of metabolic differences between chickens and
humans, the NIOSH study because it may not measure
exposure to VDT fields., Slesin ssys no other studies
have been funded even though the general publir
sppears more concerned than buresucrats. (This first

sppeared in New Scientist, London, 13 August 1987, the
wveekly reviev of science and technology)

X. COVERMMENT POLICLES

C ications and the international division of labour

At the start of a journey by air, every aircraft
passenger must hand over his boardiag pass showing his
name, his destinstion and the point of origin and the
ausber of his flight. In the case of American
Airlines, these documents are sent later to Barbados,
vhere lucsal operators enter the inforwstion digitally
on a magnetic medium snd then transait it via
satellite to the company's central computer in the .
mid-vestern United States. The reason for thas
seemingly complex operstion is trivisl, namely its low
cost. Alloving for the cost of transport, data
transmission and salaries, the saving 1s approximately -
50 per cent. This working wethod is becowing mure
videspread and it is estimated Chat it provides
betwveen 5,00V and 20,U0U jobs tor thuese so-called
oftshore vorkers. a nusber of companies nave realizeqd
the business opportunity tnat this represents and
there is novw beginniag to be a supply ot services
carried out outside the Uniled Staces. There 1s
obviously no reason why this phenomenon should mot
grovw and spresd to other countries.

The possibility thus created has serious
implications for developed couatries which are
experiencing a reorientation of their economy from
essentially wanufacturing activity to services. Many
of the jobs in the latter sector can be exported if
greater transparency can be achieved in internstional
communication wedis.

The functions associated with data processing are
seen as one of the growth sectors of the services
economy. The labour supply is such that a situstion
can be envisaged in which this growth will take place
outside national frontiers. This fact way slso have
an impact on pay levels in these sectors, zince in
many cases labour is the principal cost compoment.
This transfer »f jobs is not confined co
adwinistrazive or clerical services, hovever. >ose
design work in enyineering, architecture, etc., is
carried out in India, the Philippines aund drazii ac
one quarter of thne cost of equivalent work 1n the
United >tates. nll this has been made possible by
communications technology and computers. Veopie in
different continents can keep in continuous contact
simply by pressing a few keys. This pheovmenon may
treach the proportions of an enormous business it
account is taken, for exsample, of the fact that the
entire systes for booking hotel rooms and sircrafc
seats can operate outside the United States.

This situstion obviously may have a number of
positive aspects for the third world, but sll sorts of
questions will need to be answered. For example,
given that in many csses the development of
communicstions infrastructures is controlled by
governments, vhat are the minimum conditions that must
be crested for this situstion to constitute s new
business opportunity? In what types of aress con
services be offered?

Questions slso arise for the organizations
operating in different fields, and not only in
relation to the United States. What, for exswple, are
the skills which we may share with other third wurld
countries? This is an 1ssue of tremendous importance
snd onc which ve need to look at througn new eyes.

Some third world countries have slresdy taken
initiatives in relation to the new employment
opportunities which are developing. Ilhus, Jamsicas has
given oue ot 1ts ministries the Lask of encouraying
the recruitment of Jawmsican personnel by Lnited States
corporations by oftering, in addition to the benetits
srising trom low labour costs, tax incentives tor
companies set up 1n Jemsica for this purpose.




Even if there is no basis for specularion
regarding the policy of the United States Government
concerning the free transmission of data across
frontiers, this nev development will probably tend to
be imcressingly coasidered in any debate on this
topic. Aspects which will need to be investigated are
not only the advautages of possessing information on a
particular country, but also the effects on employment
of vorkers in the international cosmunications system.

In dealing with the question of trans-border flow
of data, it will be difficult to avoid comsidering
alao the phenomenon of the transfer of jobs. It is
obvious that the possibilities aow developing may
expand considerably in the future, since there is
steady growth in the production of complex equipment
for the performance of sophisticated tasks, the
results of vhich can be transmitted instantaazeously to
any corner of the globe. A case in point is the
current growth of computer graphics. Striking and
rapid developments sre taking place in various fields
such as film animation, architectural design,
composilion, diagrasming, etc. Many kinds of tasks
can be performed at a distance and, with technology
facilitating human contacts, there will be greater
possibilities of creating links between work
communities situated at a grest distance from one
another.

Not only is work now being done at a distance,
but distance itself is dissolving as communications
bresk down borders and this raises questions
concerning possibilities of integration in
Latin America. The challenge for many third world
commynities vill be how ther can become integrated in
the circuits wvhere these new possibilities are
developing, and how they can prepare themselves for
this. We are now faced with the need really to
understand the phenomenon underlying this development,
namely human communicstions.

While remote performance of work operations is
something that vas predicted quite some time ago, only
perticipastion in it will enzble us to understand it in
all 1ts ~omplexity. What is involved here is not
merely work which can be carried out outside the wvalls
of an office, but the emergence of entirely new ways
of co-ordinating efforts. Among other new factors
vhich we do not yet fully perceive, there is the
increasing capacity to maintsin many dislogues with
different interlocutors, sn increase in the speed of
dissemination of ideas, & need for s new form of work
and for sophisticsted co-ordination of efforts. The
phenomenon of continuously expanding networks of work
operstions in constant ¢ -wunication with one another
is something of vhich we are unaware but which is at
our doors and it is a challenge we must not fasil to
take up. This is not simply another technolugy which
we in the third vorld do not understand, it is a
question of seizing an opportunity to participate in
something which vill happen in any event in some form
or another. It is sometnhing thst slready has
limitless prospects of expsnsion. (Boletin Interdoc
CONTACT-0, ILET, Chile, May 1987)

Brszil’'s national informatice policy

Brazil's path tovarde establishing & national
compuler industry is radicslly st odds with the policy
chosen by most other developing countries. The latter
group - and particularly the booming economies of
south esst Asia - has genecrally opted for an
export-oriented industrislization strategy, backed up
by a progremme of heavy foreign investment.

Under this strategy multinationsl corporations
supply the capital, the technology and the expertise;
the host country supplies 8 cheap and docile labour
force, and a benevolent finsncisl and regulatory
climate, and the vesslt should be a mutually
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beneficial exchange involving skills transter,
employment and a contribution to tre toreign exchange
reserves.

The Brazilian Lovernment has rejected this path.
instead ot encouraging foreipn iuvestment, it has
actively sought tu prevent it. The orazilians nRave
trred to estadblish & dumestically-usued anda controlles
industry - and one which 13 based primarily ou
production tor the domestic rather than the export
=market.

Such a strategy is only possible because ot the
size of that domestic market. Brazil is now the
vorld's eighth largest capitalist economy; and wvhile
its use of computer equipment is still way behiand that
of most developed countries, it is huge by developing
country standards. By 1981 Brazil was ovane of the 10
largest warkets for computers - with a matket some
10 per cent that of Japan. In the same year the
country had 30 per cent of the installed base of
cosputers in Latin America.

Estimates of the current value of the computer
market vary wvidely, with many sources suggesting a
figure of around 31 billion. Last year the Secretaria
Especial de Lnformatica (Sti), the government ageacy
responsible for overseeing the implementation of the
national computer policy, estimated the markel Co be
worth $2.3 billion, with an annual growth rate ot
around 15 per cent.

The decision to create a national computer
industry owes 1ls origins to the circuastances vl the
1970s. brazil was then in the throes ot a period ol
massive, toreign-tunded economic growth - often
referred to as the Brazilian 'miracle’.

Several sectors of Srazilian industry -
particularly the aircraft, asutomotive, steel and
petrochemical industries ~ reached a stage of
development that required the use of computerised
manufacturing or processing techniques. In the jears
from 1973 to 1982 the number of installed computers in
the country increased 15-fold. Domestic computer
production, which had begun in a small way in the
19608, could hardly keep pace with a boom such as
this, and by the mid-1970s 80 per cent of equipment,
and 60 per cent of components, were imported.

Development based purely on iaported computer
systems, or on a computer industry dominated by
foreign owned multinationals, was econocaically and
technically feasible. But for wmany Brazilians, ot
wvidely differing political views, it was politicaily
unacceptable. For the armed torces, Lhen 1n power,
Brezilian control over tecnnology was a silitary
necessity. For theitr lefcist and natiuvnalist
opponents, induslrislization based on imported
computers would ensure that orazil remsined 1n 8
permsnent state ot technological dependence and
underdevelopment.

In the words ot the preamble to the 195« Nationa.
Informatics Policy, '... alluwing orazil to become an
importer ot te taology ... would be clear rexression,
a relative move back to & previous stage of our
industrislization ... the country cannot dispense with
acquiring capability in this ares, under the penalry
of vorsening the present situation of external
depende-cy'.

The result, in 1975, wvas a system of import
controls which etfectively excluded the multinatiounale
from the Brezilian markert for mini and
microcomputers. Since then the protectionist messures
have been extended and consolidated. The 1984
National Informatics Policy proclaims & reservado do
mercadn (protected market). A series of "informatics
Taws " now bans foresgn investment 3n hardware and




softvere, snd & package of "favoursble treatsent’ -
including sdministrative, tax, social security and
labour lev provisions — is svailable to local

compsnies under the country’s Microcompany Statute.

Regulations prescride federsl agencies from
contracting for services with foreign companies unless
there is no Brazilien companj; trading in the market.
Local compsnies sre carefully defined as those
incorporated, and with their hesd office, in Brazil,
and vith 70 per cent of the voting stock owned by
persons resident in Brazil.

The strategy has clesrly borne fruit. la the
10 years since its introduction the country has gained
sowe 300 local manufscturers, who together sell
products worth around $1.5 billion a yesr. And
whereas 10 years ago the multinationals were in
control of the entire computer market, today
Brazilian-owned firms control around half of it.
Figures produced by the Associstion of Brezilisn
Computer Manufacturers (Abicomp) suggest that, since
sbout 1984, docestic-owned firms have been earning
oore from the Brezilisn market than the foreign owned
cowpsnies. laformatics is nov one of the wost
profitable sectors of the economy.

Another gain for the nationsl econowy, snd one
which mey in the long term prove more important, is the
creation of & skilled vork-force. According to the
oationglists, the multinationals have been interested
in trensferring skills, but only at the rather limited
levels required for operstions in the host country.
Thus, they have trained technicisns, and seles stafi;
but sre less interested in trsining technologists.

la the vords of one computer engineer, 'they sell
the miracle but not the ssint’. Msnagerial skills
have been subject to the same kind of uneven
development. A common commplaint of those Braziliam
firms which have recruited staff from the
sultinstionals is that they don’t have the ability to
taeke strategic management decisions.

The country now has around 6,000 computer
engineers - snd the local computer industry has
increased its employment of graduates by sleost
30C per cent in the past eight years. The locsl
companies also empioy many more staff in sn R&D role -
around seven times as many as the foreign subsidisries.

The local industry now constitutes s powerful
sddition to the protectionists lobby; together with
Abes, the software producers’ associstion, Assespro,
the computer professionals’ orgsnization, and the
svovedly nationsliet Movimento Brasil Informstica
(MB1), Abicomp is nov pressing for sn extension of the
protectinnist regime.

Cne thing it has alresdy achieved is a revision
of the softvare regulations sdopted last Septesmber,
which extend the protection of suthor’s copyright to
softvare. The nstionslists regard this ss s retreat
from the principle of the protected market. ...

f~c MB1l member, told
Lstin America Weekly Report thst '... there were
internal and externsl pressures and wve must now
mobilise forces within the country to fight sgsinet
this retrest’'. MBI activists argue that tresting
softwvare as suthore' property, rather than es
industris’ property, makes it essy to trade and
difficult to subject to customs control. Moreover,
since payment is arranged betwveen ‘suthor’ and
publisher, restrictions on the transfer of profite
abrosd will aleo be very difficult. ...

There is 8 bronze plaque on the wall in Brazii's
Miniatry of Science snd Technology. It reads:
'President Sarney vill not, for sny resson, change the
protected morket for computers. This policy vas voted
by Congress, is in line vith netional interests, and
vill not be modified or sttenuated’. (Excerpted

. -
‘lro- Computing, pp- 22-23, 9 July 1987)
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X1. RECENT PUBLICATIONS

UNIDO Publications:

IPCT.29 (SPEC) The UNIDO progremme of technologicsl
advances; Microelectronice (a
revision of UNIDO/IS.&45/Rev.2),
prepared by the Secretariat

IPCT.30 (SPEC) Coaputers in the mest processing
iodustry: a case study of application
snd implementaton experience in &
developing country, by a.a. Pardo

IRT. 31 Technology Trends Series No. &: The
international telecommunications
industry: the impact of
microelectronics technology snd the
implications tor geveluping countries,
by M. iHobday

IPCT.3) Technology Trends Series No. 3:

Global trends 1in microeiectromics
components and computers, by K. GLuy
and E. Armold
IPCT.39 (SPEC) The UNIDU progresme on technological
advances (s revision of
UNIDO/IS.411/Rev.2), prepsred Ly the
secretsriat.
IPCT.41 (SFEC) Expert systems: prospects fer
developing :ountries, by Anil K. Jain
IPCT... (SPEC) Specisl consideration for the
estsblishment of silicon foundries and
design centres, by 0. Manck

Economic Commission for Lurope:

ECL/LNG.AUT/29 Software for industrisl sutomativa

Sales ho.:
BE.87.11. k.19 The s1m of the study 18 to haghlipnt
the increasing importance of sullware
for i1ndustrial sutomstion. 1t reviews
recent development in sutomition ot
discrete manufacturing processes, in
particular in enyineering industries,
and the key role pleyed by sottware in
several technological applications

Internstional Lsbour Office:

Social and labour effects of
computer-sided-design/computer-aided
manufacturing (CAD/CAM), by

Karl-H. Ebel snd Erhard Ulrich.

SAP 6.1/wWP.9

This report contains observations, based on case
studies and comparstive resesrch, on the i1mpact of
CAD/CAM on employment, work organitetion, working
conditions, job coatent, training, and industrisl
rfelations in various countries. It concentrates on
changes in design snd technical offices snd thear
links with production. So far, there is litctle
evidence of a negative etfect on employment levels.
The incresse 1n productivily 1s balsnced by various
compensstory effects. Cosputer and sathemstical
ski1lle are in growiny demand 1n desiyn oftices.
general, CAU appears to strengthen group work.
Intensity of CAU work leads o sCress. Linking of Lab
and CaM continues to be steeprd i1n msnagerisl,
organizationsl and technical ditliculties and makes
slow progress. AL hass led to shift work end tlexiole
workang hours in design offices. despite & cerctsin
resistence of the statf and unions. Ulder staff tind
it hard to adapt. Until now, trsining in Lab has been
far too unsystematic end sppropriste curricule need to
be develuped. As 8 next step computer-inteyrsted
manufacturing (CIM) will become fully operational
before the yesr 2000. However, its smooth
introduction and development requires sn adequate
prepsrstion of the work-force.

in
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Role of computer techaology in developing countries Alex d'Agapayett, founder ot capertech and
chairtman ol the British Computer duciety (oLd) expert
The International Journal "Information Technology systems group, vas speaking 8t the launcn ot tis
for Developsent™ published by the UK Council for latest report, Expert Systems in Uk Business-
Computing Development, on vhich we reported in earlier
issyes, carcies in its March 1987 issue an article on 'Lt an application 1s really successtul then 1t
the above topic. The asuthor is Copal K. Cuptas, will be really secrer®, he said. ‘'Nobdosy has ever
Gepartment of Computer Science, James Cook University, heard of the more sophisticated systess. This is
Towneville, Queensland 4811, Australia. 1t looks et eatrsordinarily bad, both for the company cunceraed
the question of whether computer technology is an and for Britain’.
appropriate techaology for the developing countries
and comes to the conclusion that developing countries D'Agapsyeff also cited the sistaken management
- cannot afford to ignore it and that there are many belief that expert sytems were prohibitively
appropriste uses that will result in advantages such expensive, as an obstacle to their take-up by British
as wmore efficient use of scarce resources; increased business.
productivity; and improved quality of decisions made
- by governments and business. It also argues that the The report, commissioned by the Alvey
use of computers in small organizations is likely to directorate, set out to update 8 similar survey
have more impact on developing countries. The suthor conducted by D'Agapayeff in 1984.
groups developing countries into six major groups
according to income, GNP grouth rate, type of economy D'Agapaveff spoke to 15 leading British
and manpower., The report comes to the conclusion that companies during the survey and concedes that his
development of sn indigeneous computing industry is report is largely impressionistic because of tne
likely to need substantial support from the shortage of haid data. le does not believe that
goveroments in the forms of finsncial support, Japanese snd American cowpetitors have got any
infrastructure including educational and RéD further than the UK in developing practical
facilities and tax incentives to local computing spplications. But the ditterence was that they knew
industry. Iaformation Technology for Developwent is that expert systems did concern senior wanajement.
published quarterly, at an annuzl subscription of t&0 An exception i1n the UK 1s building societies because
in the UK, $100 in North America and £50 elsevhere. of deregulation. b'agapayet! said that avareness iell
It can be ordered from Oxford University Press, avay sharply sfcer the tirst 50U of the Times top
Walton Street, Oxford OX1 obP, UK. 1,000 companies.
Report on expert systems in the UK However, Brian Oakley, director of the
Alvey programme, claimed that the level of
A leading artificial intelligence consultant has avareness had increased sharply, due to the BCS
slammed UK managers for their business secrecy and specialist group and the expert systems avareness
lack of commitment to expert sytems which is clubs established by Alvey. (Computing,
threatening Britain's competitiveness in the field. 16 July 1987)
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Price List for Advertisements in the Publication

Microelectronics Monitor

General Provisions

1. UNIDO activities in the field of advertising are non-profit-making and are carried out to
cover the cost of preparing, publishing and mailing its publications, which are sent to
readers all over the world free of charge.

2. Requests for placing advertisements in the UNIDO Microelectronics Monitor should be
made in writing. They should be accompanied by a layout, illustrations and a text
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Advertisements are printed in black and white and in English only.
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Vienna, Austria (telegrams: UNIDO Vienna Austria; telex: 135612). Upon payment,
please advise the Head, Development and Transfer of Technology Division, at the same
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Bank accounts
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United States of America
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