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FROMTHEEDITOR

Demandinthesteelandshipbuilding

industries,thosekeyindustriesthatsup・

portedJapan'seconomicgrowthinthe

past,droppedconsiderablyfollowingthe

oilshocks.Thisfactor,combinedwith

theriseofthenewlyindustrialized

countries{NICs)andtheincreasingly

strongeryen.havethrownJapanintoa

structuralrecession.lnternationaltrade

frlctionsandtherisingyenhavealso

takentheirtollindurableconsumer

goodsindustriessuchastheautomobile

andhouseholdelectricapPliancesin・

dustries,promptingcompaniesinthese

industriestomovetheirproduction

oPerationsoverseas.Thissetofcir,

cumstanceshashadadevastatingimpact

onJapaneseindustry,bringingabouta

drasticreductioninemploymentop-

portunitiesandhinderingthedevebP-

mentofproductiontechnology.

Ontheothersideofthecoin,how・

ever,thehigheconomicgrowthenjoyed

byJapaninthepastsupPortedthis

country'srapidindustrialization,and

raisedthewagesofJapaneseworkers

tolevelscommensuratewiththose

earnedintheUnitedStatesandEurope.

Asaresult,Japanesecitizenshavebeen

placingmoreemphasisonleisureac-

tivities.Thistrendhasexpandedthe
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marketforservicesindustriessuchas

thehotel,travelandrestaurantbusi・

nesses,thefashionindustryandvarious

businessesthatcatertoself-improvement.

lnthemanufacturingindustryaswell,

theimprovedstandardoflivinghas

recentlyincreasedtheneedforinfor・

mation,technologytknowledge,design

andsoftwareoverthatfortangible

products,thusfurtheradvancingthe

trendtowardaservices-orientedecono・

my.Thishasfocusedattentionona

varietyofnewindustriesthatarespring-

ingupasaresultofthismovement.

Theinformationindustryhasplayed

animportantroleintheadvancementof

industryoverall.SupPortedbytech・

nologicalprogressinthefieldsofinfor'

mationprocessingandcommunications,

theinformationindustryhasgradually

extendeditsactivitiestosectorsof

societyoutsidetheworldofindustry.

Thatis,theinformationindustryhas

penetrateddeeplyintothesocialfabric

ofJapan,establishingitselfinourhomes

aswellasourpersonallifestyles,andis

servingastheinfrastructureuponwhich

Japanisbuildinganadvancedinforma-

ttonSOCIety.

Bysupplyingotherindustrieswith

semiconductorsandLSIs,thosedevices
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thathavebecomebasiccomponentsin

mostmanufacturedproducts,theelec-

tronicsindustryhascarvedoutaplace

foritselfasakeynewmodernindustry.

Andthemicroelectronicsindustry,which

hasitsbasisinmicroprocessorsand

microcomputers,isservingtofurther

technologicalinnovationsandthead●

vanceoftheinformationrevolutionin

industry.Asaresult,microelectronics

isexpectedtobecomeJapan'sleading

industryinfuture.

Theworld'sfirstmicrocomputerwas

developedbyAmerica'sIntelCorporation

backin1971inresponsetoanorder

fromaJapanesecalculatormanufacturer .

Thetechnologicalinnovationsandwide-

spreadapplicationofthesedeviceswhich

folbwedhaveresultedintheirrapid

growthanddevelopment.Basedonthe

initial4-bitdevices,microprocessorsand

themicrocomputerstheyformthecores

ofhaverapidlyevolvedandgrowntech・

nologicallyintofirst8-bit,then16-bit

andrecently32-bitarchitectures.The

applicationstowhichthesedevicesare

beingputhavealsogrown,expanding

intothefieldsofautomobiles,house・

holdelectricalapPliances,inspection
,

measurementandcontrolequipmentand

instruments,electronicdataprocessing

(EDP},trafficandtransportationsystems,

aswellasthefieldsofbusinessandcom・

merce.Thiswidespreaduseofmicro・

computershashadahugeimpactonthe

worldofindustry,andisalsoinfluencing

thewayweliveourdailylives.This

issueoftheJapanComputerQuarterly

{JCQ},therefore,describessomeofthe

specificapPlicationsandproductsin
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whichmicrocomputersarebeingusedin

Japan,p「usprovidessomeinsightsinto

systemsarchitecturetechnologyand

futureutilizationtrends.

Theprogressinthefieldofmicro-

computershasleftinitswakeanumber

ofproblemsthatwillhavetobesolved

infuture.Forexample,advancesin

hardwaretechnologygenerallyresultin

shortagesofappropriatesoftware.New

operatingsystems(OS}andutilitypro-

grams,forinstance,mustbedeveloped

tomeettheoperationalrequirements

ofnewhardwaretechnology.Thenthere

istheproblemofsoftwaredistribution

andrelatedcopyrightissues.lntellectual

propertyrightshaverecentlybeenre・

cognizedasamajorprobleminthis

regard.Otherissuesrelatedtomicro・

computersincludestandardizationand

theeducationandtrainingofhuman

resources,bothofwhicharenecessary

forpromotingtheefficientdevelopment

ofmicrocomputers.

Theeducationandtrainingofmicro・

computerengineerSisanextremelyvital

task,especiallyinlightofthebroad

knowledgeandvarietyofknowhowre-

quiredoftheseengineers,notonlyin

thefieldsofhardwareandsoftware,

butalsointhevariousfieldsinwhich

thesedevicesareapplied.Educationand

trainingProgramsaimedatcultivating

microcomputerengineersarealreadyin

placeatuniversities,technicalschoolsand

withincorporations.However,these

programsarenotreallysystematic,and,

astheystandnowwillnotbesufficient

tomeetfuturedemands.Forthese

reasons,JIPDECisintheprocessof



puttingtogetherastandardcurriculum

formicrocomputerengineers.This

curricuiumisdividedintothreecategories

orlevels-basic,seniorandadvanced

gradeengineers-andsetsforththe

knowledgeandskillsdeemednecessary

ateachlevel.ThisissueofJCQprovides

anoverviewofthecurriculumcurrently

underconsideration.

Aspointedoutabove,microcomputer

engineersmustbeknowledgeableina

broadrangeoffields.This,inturn,

makestheevaluationofmicrocomputer

engineers,i.e.theirknowledgeandskills ,

ateachlevelofproficiencyextremely

important.Microcomputerengineers

mustalsoconstantlyacquirenewknow・

ledgeandskillsinordertoadvancetothe

nexthighestlevel.lnresponsetothese

requirements,JIPDECbeganadminister・

ingin1985theMicrocomputerEngineer

Examination.Thisexaminationisdivid・

edintothreelevels,correspondingto

basic,seniorandadvancedgradeengineers.

Atpresent,however,onlybasicandsenior

examsareavailab|e;advancedlevel

examswillbeofferedintheverynear

future.Anoverviewofthisexamination

system,plusspecificexamplesofthe

typesofproblemscoveredtherein
,are

alsopresentedinthisissueofJCQ.

WesincerelyhopethatJCQ'scoverage

ofthoseaspectsofthemicrocomputer

industryinJapanmentionedabove

provesbothinformativeandusefulto

allourreaders.

YujiYamadori

Director

Research&lnternationalAffairs
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THEMICROCOMPUTERINDUSTRY

YoshikuniOkada

ElectrotechnicalLaboratory

TheMinistryoflnternational

Tradeandlndustry

THEDEVELOPMENTANDGROWTH

OFMICROCOMPUTERS

Seventeenyearshavecomeandgone

sincelntelannouncedtheworld'sfirst

microcomputer,the4004,backin1971.

lnthatamazinglybriefspanoftime
,

microcomputershaveevolvedtothe

pointwherenowadaystheycanbeequip・

pedwithfunctionsequivalenttothose

foundinadvanced,high・performance

mlnlcomputers.

Thebirthofthemicrocomputer

coincidedwiththeappearanceoflarge・

scalemainframecomputersandminicom・

puters,thepaternalsideoftherelation-

shipthatbroughtthesedevicesintothe

world.Today.comparedtothewide-

spreadpopularityofpersonalcomputers,

onlyahandfulofadvancedusersemploy

mainframesandminicomputers.The

maternalhalfoftherelationshipthat

producedthemicrocomputerwasinteg-

ratβdcircuittechnology,morespecifト

cally,thededicatedlarge-scaleintegration

{LSI}chipsusedincalculators.Thefirst

microprocessorwasactuallyaby-product

ofaprojectaimedatconvertingthis

dedicatedcalculatorchip,whichfeatured

decimalarithmeticfunctions,intoa

general・purposeLSI.Themicrocomputer

tookafteritsmotherinsize,andwas

thereforemuchsmallerthanitsfather

figure,theminicomputer.Thusitsname,

theMICROcomputer.

Microcomputerswerethefirstdevices

tomakeuseofintegratedcircuittech・

nologytoconcentratetheprocessing

elementSsovitaltoaCOmputerOntoa

singlechip,or,insomecasesmultiple

chips,makingthemquitedifferentfrom

conventionalcomputersoftheday.The

developmentofthemicrocomputersub-

sequentlyresultedinthebirthofrevolu-

tionarycomputersthatmadethemostof

thespecialcharacteristicsofintegrated

CirCuits,i.e.compaCtsize,lowCOSt,IOw

powerconsumptionandmassproduction

capabilities.Themicrocomputerwas

thusanewinformationprocessingtool

bornoftheunionofcomputerandinteg-

ratedcircuittechnologies,andfeatured

revolutionaryelectroniccapabilitiesnot

foundineithercomputersorintegrated

circuitchipsproducedpriortoitsdevel-

opment.Microcomputershavemade

possibletheincorporationofcomputer

functionsintoavarietyofmachinesand

equipmentintheformofelectronic

components.Thisinturnhasmadeit

possibletoincorporateheretoforeun-

imaginablycomplexcontrolfunctions
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intocompactmachines.lntheworldof

computersaswell,theearlygeneral-

purposemicrocomputersthatwereinitial-

lydescribedasbeingslow,butinexpen-

sivelow-endminicomputers,havemade

theirwayintothedomainofthesuper・

mlnlcOmputer.

Japanesemanufacturershavecon-

tributedgreatlytowardthedevelopment

andgrowthofthemicrocomputer.For

example,lntel's4004microprocessor

announcedin1971wastheresultofan

orderplacedwithlntelbyaJapanese

calculatormanufacturer、BusinessCom-

puterCo.,Ltd.,whichalsoparticipated

inthedevelopmentofthatdevice.Prior

tothe4004,dedicatedLSIshadtobe

speciallydevelopedforeachmakeand

modelofcalculator.Thisraisedanum-

berofproblems,includingincreased

developmentcostsandturn-aroundtimes,

aswellasdifficultyinestimatingthe

numberofLSIsthatshouldbemanufac-

turedeachtime.BusinessComputer

drewupplansforaprojectdesignedto

developthesmallestchipsetcapableof

overcomingtheseproblems.However,

Japanesechipmanufacturersatthattime

wereconcentratingPrimarilyonbipolar

devices,andasaresult,nofirmsinJapan

weretakingordersformetal・oxidesemi-

conductor{MOS)LSI,consideredthe

mostapPropriateforcalculatoruse .Busi・

nessComputerthereforeplacedanorder

withlntelforthedesiredgeneral-purpose

calculatorchip.In1969,BusinessCom-

putersentMasatoshiShimaandtwo

otherengineerstolnteltocommence

developmentofthenewchipwithDr.

Hoffandhisstaff。ltwasDr.Hoffwho
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suggestedthatthecalculatorchipbea

4-bitcomputerchip,whichwouldthen

beprogrammedtomeetdifferentspecifi-

cations.Shimawasresponsiblefor

designingthecentralprocessingunit

{CPU}forthismicrocomputer.Once

completed,thismicrocomputer(lntel

4004)wasincorporatedintotheBusiness

Computer141Pcalculator,whichwas

marketedin1971.

lntelfollowedupthe4004withan

8-bitprocessorlabelledthe8008.The

8008LSIchipemployedP・channelMOS

{PMOS},atypeofsemiconductores・

peciallywellsuitedtolarge-scaleintegra・

tion,andwascalledafirstgeneration

microcomputer.Bymakingsomemajor

improvementstothe8008,|ntelwasable

todevelopthe8080,another8-bitLSI

thatusedN-channelMOS(NMOS)asthe

substrate.The8080soonbecomeabest

seller,andisstillwidelyusedtoday.

OneofJapan'smajorelectricap・

pliancemanufacturers,ToshibaCorpora-

tion,althoughabitslowergettingoffthe

markthanlntel,developedandbegan

marketingin1973a12・bitPMOSpro-

cessorcalledtheTLCS・12,whichit

developedin-houseasanenginecontrol-

lerfortheFordCorporationoftheU.S.

ThiswastheBusinessComputer・lntel

caseinreverse,withAmerica'sFord

CorporationcomingtoToshibato

developacustom-madechip.Also,itwas

Japan'sNipponElectricCorporation

(NEC)thatwasthefirsttomakethe

switchfromPMOS(firstgeneration}to

NMOS(secondgeneration)substratesin

thefieldof4-bitprocessors .

Numeroussemiconductormanufac－
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Table1.JapaneseSecondSourcesofU.S.・madeMicroprocessors

OriginalProcessor SecondSourceinJapan

8080A MitsUbishiElectric,NEC,OkiElectric,Toshiba

Z80 Hitachi,NEC,Sharp,Toshiba

8085A MitsubishiElectric,NEC,OkiElectric,Toshiba

6800 Hitachi

6802 Fujitsu,Hitachi,Matsushita

6809 Fujitsu,Hitachi

turersdevelopedtheirown8-bitproces-

sorsafterlntelannounceditsdevices,

butintheend,onlylntel's80seriesand

Motorola's6800seriesofmicroprocessors

haveremainedaspopularsellingchips.

lnJapan,largenumbersofsemiconductor

makersenteredthemarketassecond

sourcesforthelntelandMotorolachips

{SeeTable1}.Afteratime,microproces-

sorsincreasedto16・andthen32-bit

atichitectures,andavarietyofdifferent

kindsofprocessorsweredeveloped,to

includesignalprocessors,bitslicepro-

cessorsarldsingle・chipmicrocomputers.

Ofthese,thedevicethathascontributed

themosttowardthegrowthofthemicro・

cOmputerindustryhasbeenthesingle-

chipmicrocomputer.

Thesingle・chipmicrocomputerhasits

originsintheTMS1000seriesannounced

byAmerica'sTexaslnstrumentsCorpora'

tionin1975.Thissingle-chipmicrocom-

puterintegratedthethree(3}essential

elementsofacomputer-CPU,memory

andinput/output(1/O}interface-onto

asinglechip,thusmakingthemostof

theminiaturization,reducedweightand

Iowpowerconsumptionassociatedwith

semiconductorchips.Thesefeatures

matchedupperfectlywiththeconsumer

productsorientationofJapanesein-

dustry.Asaresult,Japanesesemicon・

ductormanufacturersbegandeveloping

theirownversionsofsingle・chipmicro・

computers,andthesedevicesarenow

beingincorporatedinawiderangeof

electricalapPliancesandotherconsumer

productsinparticular.Theoriginal4-bit

single・chipmicrocomputershavegrown,

andrecently16・bitversionsofthese

devicesarebeingemployed,making

possibletru|yadvancedapplications.

Wearenowheadingtowardthe32-

bitsingle・chipmicrocomputerera,and

Japanesefirmsarealsointheprocessof

developingoriginalversionsofthese

devices.Forexample,NEChasitsV

seriesof32・bitchips,andFujitsu

Limited,HitachiLimited,Mitsubishi

CorporationandToshibahavejointly

developedTheReal'timeOperatingSys-

temNucleus{TRON)chip.Theseand

otherJapanesechipmakersarealsobusy

developingspecializedmicroprocessors,

suchasthoseforuseinimageprocessing

andartificialintelligence(Al)applica・

tionsusingPrologand/orLisp.
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MICROCOMPUTERAPPLICATIONS

Aspointedoutabove,microcomputers

possessthespecialcharacteristicsinherent

insemiconductorsandcomputers.The

applicationstowhichthesedevicesare

capableofbeingputcanbebrokendown

intothefollowingthreecategories:

1)

2}

3}

place

whichusedtoconsistofwiresareimple・

mentedviaprogramming.lnotherwords,

hardwareisreplacedbysoftware.Asfar

asnewapPlicationsareconcerned,micro-

computersarecapableofcomplexcontrol

functionsthatwereneverpossiblebefore,

thuscreatingapPlicationsspecifically

suitedformicrocomputers.Theadvent

ofthesingle-chipmicrocomputeralso

madepossibletheinexpensivemass

productionoftheproductsusedinthese

twotypesofapplications.Examplesof

single・chipmicrocomputerapPlications

inthefieldofcomputerseearetheubiquit・

ousgeneral-purposepersonalcomputers

{PCs},varioustypesofworkstationsand

wordprocessors.

Today,microcomputersarebeingput

toawidearrayofapplicationsinabroad

rangeofindustrialfields.Somany,in

fact,thatitishardtokeepupwiththem

Replacementsforconventionalelec・

triccircuits{wiredlogic};

Computers,and

NewapPlications.

Whenmicrocomputersareusedin

ofwiredlogic,controlcircuits

all.Table2providessomeexamplesof

theapplicationStowhichmicrocom-

putersarecurrentlybeingPutherein

Japan.Theseexamplesdemonstratethe

diversityofmicrocomputerapPlications,

butbynomeanscoveralltheproducts

employingmicrocomputerstoday.Let's

takealookatafewoftheseapplications

andtracetheirdevelopment.

General-purposeComputersAnd

Workstations

TheadventofthemicrOprocessor

theoreticallymadeitpossibletocon・

structcompact,lnexpenslvecomputers

byemulatingconventionalprocessors

usingmicrocomputers.Anditwasfelt

thatthesesmaller,cheapercomputers

shouldst川beabletomakeuseofavaila-

blesoftware.However,theprocessing

speedsoftheinitialmicroprocessorswere

slow,andtheyweredesignatedlow-end

minicomputers.Bitsliceprocessors

offeredanothermeansofsimulating

conventionalcomputers,asevidencedby

MitsubishiElectricCo.,Ltd!sMELCOM

seriesofcomputers.1ntheU.S.,the

integrationofminicomputerfunctions

ontoLSIchipsprogressedwiththe

appearanceofDEC'sVAXcomputersand

DataGeneral'sEclipse,thuspolarizing

theminicomputermarketintosuper-

minicomputersandlow'endminicompu-

tersonachip.

,eNOTE:Thetermcomputerhereisusedinthebroadsenseoftheword
,andincludes

thosesystemscomprisedofkeyboards{inputdevicesconsistingoftenormorealpha-

betkeys)anddisplays.Wordprocessorsandelectronicnotebooksarethusalsoincluded

inthisdefinition.
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Table2.JapaneseProductslncorporatingMicrocomputersBetWeen1976加d1986 .

1976 1977 1978 1979

Audiosong Carradios, αockcar DDp!ayθr5.

Radio/audio
.

eqUlpment

selectors cassettedeck5 radios,audio

timers,musical「
mstrumenttone

electronic

stereoωners

generator5

TVchannel TVremot白 Programmed Bilingua|TV.
5elector contro|, TV, videotex,

TV∫VTR
VTRtimer5 portableVTR CATV、VTR

mechanical

control,VTR

timerdisplav

Timers,washin£ Aircondi・ Refrigerators

Househo|d

electric

machines,gas

ovens,FF
.

.t
`oners,

ricecookers
Consumer

goods
appliances

stoves,mlcro-

waveoven5

{Te|e一

.

Tglephone Cartelephonθs,

phones)
.

answe「lng homefacsimile

Others

{Commu・
cation5

.

eqUlp'
mentl

machines,push
buttonphones,

8mmcameras

machines,

pagers,sph、mo・
manometers,

interphones,

tovs/games、

4'bitdevices {Health calculators
・

eq山P'

ment)

{Games}

{Hobbi凶

.

Facsimilema一 Disasterpreven・ Automobil9
chine5、radios、

.

tlonsystems, panels,print
electrOniccash marineradios, developers、

regi5ters{εC尉, CBradios, powerline
industrialsew一

.

COPVlngma'
.carr
$erwave

ingmachines chines,thermal control|er、

{Automobiles) printers,ECR, agricultural

datacollectors, dryers、rice

{lnformation/ de|ivervcontrol C|eaningma'
Pcommumca・ systems、optica! chine、vending

|ndustrialuse
P,

tlonequ`P一
,

measu「 旧g machines
mentl

・lnstruments

{Office
Automation)

{Audio)

Consumer
lTV/VTR}

goods lHouseh引d

Electrical

Appliances)

.

8・bitdevices

{Automobi|es)

12・bitcar

enginecontrol-

|ersr1975}

{lnformation/
Communica・

Industria|use
tionequip・

ment)

(Office
Automation}

I

Workstations, Wire・bonders, PCs,counter

16-bitdevices
.

mlcrocomputer educationa| terminals

SV5tems kits
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、

1980 1981 1982 1983 1984 1985 1986

Carstereos, HiFistereos, DADp|ayers, Karaoke POrtab|e CDradio

remotecontrol audioequaliz・ electronic systems、 component cassettes

stereOS,fully・ ers,guitar orga「1S, CDplavers stereosystems
.

automatlctape tuners eleCtronic

players
・

PIanos

VTRslow Largescreen Liquidcrvstal DigitalTV 8mmvideo DBSlsatellite VTRfield

motion, TV,VTR TV,video withbuilt・in camera broadcasting) memorycon'

VTRauto一 systemcontro|, cameraauto・ VTR trol.automatic

maticsearch VTRheadout、 focus colorgradation

videocameras, controlfor

videodisks videocameras

Electricfans, Fully-automat・ lnverterair Dishwashers、 Gaswater Knitting Homebakery

talkingc|ocks, icwashing conditioners, clothesdryers, heaters. machines units,

caraircondi・ machines, electromagne6C watercoolers. electronic hotplates,

tioners compaCt cookers gas知bs carpets. humidifiers

pumps、kero・ electric

seneheaters kotatsu

Healthequip・ LLequipment、 Multi・function Educationa| Aircleaners, Digitaltele・ lnch・m川imeter
.

ment(exer一 electronic"Go" telephones, machines,gas mailboxes、 phones、front converSlon

cvcles}、 games、elec一 systemtele・ alarms、remOte calendar doormonitors, devices,talking
・

pulsometers,
scales

tronicbcks,

pendu|um

phones,scales,
PCs、disk

contro|led|ight
.

apParatus.volce
watches,
sprinklers

phOtoelectric'
eqUIpment、

games,tennlS
recorders

clocks, cameras,
,・

recognltlon MSXPCs,elec一

toywatches、 TVcameras, calculators, trocardiograph、

trave!clocks, massagema' pedometers, radiocontroL

hand・held chines,cameraS calculator ledtoys,chess

games
.

mo'5ture watches clocks,heighto一
,

meaSU「Ing meters

instrumentsfor
riceandother

.

9「aハns

Automobile Carclocks,car Automobile Automobile Cardisplavs. Automobi}e Powersteering,
層

trIpcor叩uters, enginecontro|一
.

energysaVlng backupsensors、 automobile obstruction warehouse
・

automatlC lers、traffic
.

svstems、VOIce engineknock speedcontrol・ detection management

warningdevices

forcars,auto・

signalcontrol-
|ers,game

synthesiscon・

tro|lers.voice

controllers、

carspeedmoni'

lers.four・wheel

driveCPN,

devices,
diese|engines,

system、

cardreaders

maticdoors, machines,time recognition ,tOrS,taCOmeter antennacon・ eme「gency

prodUCtion recorders, controllers、 graphics.cord一 trollers,wiper broadcast

contro|systems, showcases, electronic lesste!ephones, controllers、taxi
7

receIve「s,

coinchangers gasmeters swtiching personalradios, meters,HALS, CD・ROM,lC
.

equ'pment, emergenCV digitalmega cards,scanners、

AVMmobile broadcasting parkingmeters.
,

stat`onopera・ systems、home fishdetectors、

tioncontrollers,
.

enVlronment gascut-offcon・

hOtelCATV contro||ers, trollers

systems,FDD securitysys・

control|ers。 tems、word

kevboards、 processors,
typewriters/ electronic.
pr旧ters,auto' calipers
maticthermo・

meters、robOts

Radiocassette Receivers,word EleCtronic Audiotimers, Electronic Karaokegrad・ CDplayers、

players,CATV,
calculators,
hotwater

processors,

games,
sphygmomanぴ

musicalinstru・

ments,CATV,

VTR,carte!e一

DAD,video
disks,heating

controllers.

ovens
.
mgsystems、

AFcameras.
.7
1nverteralr

VTR,video

camcorders.
electronicstill

heaters meters, phones、air cameras,PCs, conditioners, cameras

ICcards conditioners、 educational gamemachines.
mlcrowave machines,
ovens radiocontroL

ledtoys

Carenoines. Taximeters, Automobi|e Automobile Tachometers, lgniters,auto一 Carengine

te|ephones, radios,FDD, panels, sequential telephone cruise、push controllers,

ECR, HDD,POS、
・

measu「Ing contro|lers. dialers、multi・ buttonphones, carradios,tele・

typewriters, disaster
.
Instruments, personalradios, functiontele・ transceivers、bar phoneanswer・

.

prInters, prevention lCcards. navigators,key一 phones,cord・ codereaders、 ingmachines,

PPC
.

equ,pment robots boarderlcoders,
modems,PCs,

lesstelephones、

communication

chargingtimers,

presssafetv

mousecontro卜

lers,POStermi・
'

securItysys一
.

eqUlpment, devices nals,vending
tems,boiler PBX,hand・held machines,valve

controllers PCs,HDcon一 controllers

{kerosene)、NC trol|ers、indus・

machinetoo|s trialsewingma'
. chines,generaト

purpose
.

8nverters

NCmachines, {ndustrial
robots robots

9 JapanComputerQuarterly



However,advancesinLSItechnology'

gaverisetoaphenomenonwherebyLSl

versionsof16・bitminicomputerssur-

passedtheirconventionalcounterparts.

Thisphenomenoncouldbeseeninthe

TLCS40chipthatsimulatedToshiba's

TOSBACminicomputer,aswellasinthe

JllchipwhichsimulatedDECsPDP11 .

Theadventofhigh-performance32-bit

microcomputershasalsoresultedinthe

appearanceofmachinesthatsurpass

conventionalsuper・minicomputerslike

theSUN-4.Andinthefieldsofgeneral・

purposecomputersandworkstations,LSl

versionsofthesemachinesarebecoming

popular.

Japanese-languageWordprocessors

lnthepast,numerousdifficultiesand

problemswereexperiencedingetting

computerstohandletheJapanese

language.EverydayJapanesemakesuse

ofseveralthousandJapanizedChinese

characterscalledkanji.Forthisreason ,

thefirstproblemfacedintryingtomake

computersfluentinJapaneserevolved

aroundinputmethods.Anumberof

inputmethodswereconsidered ,including

arrangingseveralhundredsimplekanjion

atabletandthenselectingfromamong

theseand/orcombiningthemtomake

themorecomplexkanji,similartothe

approachusedwithkanjitypewriters .

Amulti-strokeinputmethodwasalso

triedwherebythefirstkeystrokeisused

toselectakanjigroup,andthesecondto

chooseaspecificcharacterfromamong

thatgroup.However,thesemethods

requiredconsiderableskill,andwere

JapanComputerQuarterly 10

thereforenotwellsuitedforpopularuse.

Thesecondbiggestproblemtoequip-

pingcomputerswithJapanese-language

capabilitieshadtodowithoutputfunc-

tions.lnordertooutputkanjitoaVDT

orprinter,adotmatrixofatleast16×

16dotsisrequired,andtomakethat

kanjicharactereasytoread,youneeda

minimumof24×24dots.However,

incorporatingthesekanjicharacterfonts

intodisplaydevicesorprintersraisedthe

pricesoftheseequipmentconsiderably.

Findingadotprinterwhichcouldcreate

precisefontswasalsoaproblem.For

thesereasons,foralongtimeonlythose

industrieswhichabsolute|yhadtodo

businessinJapanesemadeuseoflarge・

scalemainframecomputersequipPed

withJapanese・languagecapabilities.

ltwasunderthesecircumstancesthat

Toshibabeganmarketingthepredecessor

oftodaゾsJapanese-languagewordpro・

cessorwhichfirstemployedthekana-

kanjiconversionmethodforinputting

Japanesecharacters{kanareferstoa

dualsyllabarysystemusedinJapanese

writing).Thismachinesoldforaboutthe

samepriceasalow・endminicomputer ,

butwasconsideredanamazingbargain

atthetime.Sincethattime,however,

thecostofproducingmicrocomputers,

memorydevicesandperipheralequip・

menthasbeenloweredconsiderably,and

todaゾsJapanese-languagewordprocessors

comeequippedwithliquidcrystaldis-

plays,floPPydiskdrivesandJapanese

kanjiprinters,andsellforbetweenlOO-

200thousandyen(betweenUS$770-

US$1,540atUS$1=130yen).



PersonalComputers

ThePETputoutbyAmerica'sCom・

modoreCo..Ltd.canbeconsideredthe

forerunnerofmodernpersonalcomputers

(PCs).However,JapanesefirmslikeNEC

weremarketingone・boardcomputers

suchastheTK・80evenbeforetheap-

pearanceofthePEiT.Theseone-board

computerswereequipPedwithmicro-

BASICandTVinterfaces,and,whenall

hookeduplookedlikerealcomputers.

Japan'sSprdComputerCorporationwas

alsoamongthosecompaniesthatfirst

marketed4-bitmicrocomputersystems

completewithflopPydiskdrives,keY-

boardsanddisplays.Thepricetagon

theseearlyPCswasseveralmillionyen

forsingledrivesysteMs,whichneverthe・

lesswasstillconsiderablycheaperthan

minicomputersthen.

Theseearly4-bitmachineswerefoト

lowedby8・bitPCs,andtodayweare

enteringtheageofthe16-bitPC.

Popular8-bitmachinesinJapaninclude

NECsPC-8000series,Fujitsu'sFM

seriesandSharp'sMZseries.lnthe

beginning,thesePCswereusedprimarily

bycomputerbuffsinterestedinplaying

electronicgames.However,withthe

spreadoffloppydiskdrivesandother

peripheralequipment,PCscouldbeused

inbusinessapPlicationsaswell,andsoon

wereplayingamajprroleintheoffice

enVlronment.

The16-bitPCsnowbeingmarketed

boastavarietyofveryusefulsoftware

suchasspreadsheetprograms.wordpro-

cessorsanddatabaseprograms,whichare

helpingthesemachinesrapidlygain

11

popularity.PIPS,easy・to'usebusiness

softwarefeaturingspreadsheetsandother

business-orientedprogramsonacard-like

mediawasdevelopedindependentlyin

JapanbyHiroshiMochizuki,thenwith

theBankofJapan.JustasIBM's16-bit

microcomputercalledPCisenjoying

widespreadpopularityintheU.S.,NEC's

PC・9800seriesof'16-bitmachinesisbeing

widelyusedinJapan.PC-9800series

machinesareequippedwiththesame

lntel16-bitprocessorsastheIBMPC,and

operateunderaJapanese-languageversion

ofMS'DOS.NumerousJapanesesoft-

warehogsesaredevelopingwordpro'

cessors,integratedsoftwarepackagesand

othersoftvvarefortheNECPC-9800

seriesandothermakesof16-bitJapanese

PCs.Figurelshowsthemarketforecast

forPCsinJapanbyyearandapplication,

andindicatesthenumberoftypesof

machinesusedforeachkindofapplica-

tion.

Inanattempttoopenupthehome

marketforPCs,America'sMicrosoft

CorporationdevelopedaPCconfigura・

tionwhichitproposedbeacceptedas

thestandard.Thishome・usePCcon-

figurationiscalledMSX,andnumerous

Japanesehomeappliancemanufacturers

havedevelopedMSXmachinesandare

marketingtheminJapanandoverseas.

SecondgenerationMSXmachinesare

equippedwith3.5-inchfloppydisk

drivesandaresellingforalow50-60

thousandyenapiece.Thesehome-use

PCscanbehookeduptothefamilyTV

toplaygamesand/ordowordprocessing.

JapanComputerQuarterly



の
o
△
←
o
切
Φ
○
〉
ト

60

50

40

30

20

10

0

Others

Homeuse'

Measurement/
control

Schooluse

Factoryuse

Businessuse

f

f

e

d一

一

ー

ー

ー

ー

ー

ー

ー

ー

一1

f2
C

e4
b

d11

a

C9

一

一

一

一

ー

ー

ー

一

一

一

一

一

一

e2

b6

d6

a26

c4

b4

a16

19851986

Figure1.BreakdownofPersonalComputerUtilizationby

Application{ComparisonofPCsSotdin1985-86}

Homeandpersonaluse

ThePCs,MSXmachinesandJapanese・

languagewordprocessorsdiscussedabove

aresteadilyfindingtheirwayintothe

Japanesehome.Thisholdsespecially

truefortheJapanese-languagewordpro・

JapanComputerQuarterly 12

cessors,whicharebeingsoldatordinary

homeelectricapplianceshopsand

counters.Andsalesareincreasingasthe

pricetagonthesewordprocessorscon-

tinuestodrop.

Considerableattentionisalsobeing

focusedonhand・heldinformationinstru一



mentsthatcanbeusedsimilarlyto

pocketcalculators.Twoexamplesof

thesekindsofmicrocomputer・basedpro・

ductsareelectronicdictionariesand

electronicnotebooks.Electronicdic-

tionariesareprogrammedtodisplay

specifiedJapanesekanji,andgivetheir

correctreadingandmeaning.Thereare

alsomoreadvancedmodelsofthese

instrumentswhichareequippedwith

Japanese・EnglishandEnglish・Japanese

dictionariesandcanperformsimpie,

conversationaltranslation.Electronic

notebooksservethesamepurposeas

ordinarynotebooks,thatis,theypossess

functionsthatenabletheusertocreate,

maintainandretrieveneededaddresses

andtelephonenumbers,aswellasmemos

andscheduies.Thesemachinesarebeing

manufacturedbySharpCorporationand

CasioComputerCo.,Ltd.,andaregain.

ingpopularityamongJapanesebusiness・

men.lnthefuture,wecanlookforward

toavarietyofelectronicpublishing

equipmentthatmakeuseofCD-ROM

technology.

Theelectronicgamemarket,byits

verysize,isalsohavingapowerfulin・

刊uenceonthesemiconductorindustry.

Atonetime,gamearcadeっrientedmicro-

computer・basedelectronicgamemachines

suchas"Spacelnvaders"weresopopular

inJapanthatsemiconductorscameinto

shortsupply.Today,theFamilyCom・

putermarketedbyJapan'sNintendo

CorporationisextremelyPopularamong

childrenintheelementaryandmiddle

schoolagebrackets.Thisisadedicated

gamemachinethatemploysROMsoft'

wareandhastobehookeduptoaTV

13

settobeused.Third-partysoftware

makersarealsochurningoutgamesfor

useonthismachine,amongwhicha

numberofbestsellersappeareachyear.

ThepenetrationoftheFamilyComputer

intothehomemarketisbeingclosely

watched,anditisevenbeingconsidered

asapotentialterminaldeviceforavalue・

addednetwork{VAN}project.

FUTUREOUTLOOKFORTHE

MICROCOMPUTERINDUSTRY

Thereisnodoubtthatthemicro・

computerindustrywillplayanincreas-

inglycentralroleinthedevelopmentof

aninformationsocietyinJapanbetween

nowandthestartofthe20thCentury.

Butthereareanumberofpointsthat

mustbetakenintoconsideration「ifthat

developmentistotakeplaceinasound

manner.Thissectionbrieflydiscusses

certainactivitiesthatarebeingunder・

takentopinpointandsolvetheseprob・

lems.

TheEducationAndTrainingOf

Engineers

Theeducationandtrainingofmicro-

computerhardwareandsoftwareengト

neersisvitaltothedevelopmentofad・

vanceddevicesinfuture.Thisisespecial-

lytrueinthefieldofmicrocomputer

applications,whereabroadrangeof

knowledgeandknowhowcoveringthe

fieldsofmicrocomputerhardware,soft-

warea.ndapPlicationstechnologyare

required.lnJapan,theeducationand

trainingofmicrocomputerengineersis

JapanComputerQuarterly
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Table3.

(Domesticfiguresonly}

3-1.NumberofUnits{%)

ActualandProjectedMarketsforPCsbyApplication,BitSizeandValuefrom1983to1990

{Actual}一 一 ー 一 「一 ー ー一{P・ojected)

1983ratio 1984ratio 1985ratio 1986ratio 1987ratio 1988ratio 1989ratio 1990ratio

BusinessUse 38 39.3 40.5 41.3 42.3 42.9

S&T/MeasurementControl
Uses

13 13.0 13.0 13.0 12.9 12.9

Education/Hobby/Home
Uses 49

,

47.7 46.5 45.7 44.8 44.2

Total(Domestic) 100% 100.0% 100.0% 100.0% 100.0% 100.0%

3-2.ShippingValues(%)

1983ratio 1984ratio 1985ratio 1986ratio 1987ratio 1988ratio 1989ratio 1990ratio

BusinessUse 52 53.2 54.2 54.9 55.5 56.4

S&T/MeasurementControl
Uses 20 20.3 20.4 20.2 199

,

19.8

ε…ducation/Hobby/Home

Uses
28 26.5 25.4 24.9 24.6 23.8

Total{Domestic} 100% 100.0% 100.0% 100.0% 100.0% 100.0%

3・3.UnitsbyBitSize{lnthousandsofunits}

Fiscal1983 Fiscal1984 Fisca日985 Fiscal1986 Fiscal1987 Fiscal1988 Fisca口989 Fiscal1990

8-bit 719 917 789 685 55 630 48 570 39 510 31 460 24
16-bit 166 279 398 551 45 620 48 780 54 990 60 ㌔240 65

32-bit 一 50 4 100 7 150 9 200 11

Total{Domestic) 885 1,196 1,187 t236 100% 1,300 100% 1,450 100% 1,650 100% 1,900 100%

3-4.NumberofUnitsbyValue{lnthousandsofunits}

Fiscal1983 Fiscal1984 Fiscal1985 Fiscal1986 Fiscal1987 Fiscal1988 Fiscal1989 Fiscal1990

Lessthan100.000yen 254 581 457 381 400 420 455 485

100,000-200,000Ven
531

165 227 251 260 290 340 400

200,000-500,000yen 331 365 433 455 515 595 700
500,000-1,000,000ven 62 76 90 131 130 155 185 220
1.000,000-3,000,000yen 38』 42 478 40 55 70 85 95

Total{Domestic} 885 1,196 1,187 1,236 1,300 1,450 1,650 1,900



'

carriedoutprimarilyatuniversities,

technicalschoolsandviain・housetraining

programsatcompaniesandcorporations、

However,withtherapidadvancesbeing

madeintechnologydevelopment,agencies

and!ororganizationscapableofproviding

apPropriateguidanceandguidelinesfor

theeducationofmicrocomputerengineers

areextremelyimportant.Asisexplained

inotherarticlesapPearinginthisissue

ofJCQ,theJapanlnformationProcessing

DevelopmentCenter{JIPDEC}hasdrawn

upguidelinesformicrocomputereduca・

tionprograms,andisdirectlyinvolvedin

thiseducationprocessasaresultofits

administrationofthemicrocomputer

engmeereXamlnatlOnS.

Standardization

Whenitcomestostandardsformicro-

cOmpUterS,numerousareascOmetO

mind,includingsystembuse'sand

mnemonics,butthosetwoareaswhere

standardizationisfelttobethemost

neededareoperatingsystems{OS}and

man-machineinterfaces.Japaniscon-

tributingtowardthestandardizationof

systembusesandmnemonicsbyheading

upSubcommittee47Bofthelnterna-

tionalElectrotechnicalCommission

{IEC),andispushingaheadwitha

nationalprojectcaliedTRON,whichis

aimedatdevelopinganew,standardized

OSandman-machineinterfaceenviron-

ment.Asstatedabove,TRONstandsfor

TheReal-timeOperatingSystemNucleus,

andisconceivedofasbeingaseriesof

interconnectedreal-timeOS,complete

withmicrocomputerman'machineinter－

faces.TheTRONOScurrentlyunder

developmentincludeITRONforin-

dustrialapPlications,BTRONforbusiness

applicationsandCTRON,anOSdesigned

specificallyforlarge・scalecomputerswith

communicationscapabilities.A32・bit

TRONchipisbeingjointlydevelopedby

Mitsubishi,Fujitsu,HitachiandToshiba

asaproprietarymicroprocessorunitfor

runningTRONsoftware.

ASICMicrocomputers

Theimportanceofapplicationspecific

integratedcircuits(ASIC}forusein

microelectronicdevicesinfutureisbe-

comingwidelyrecognized,andwhenthe

"systeM -on-a-chip"isrealized
,wecan

expectmorecompact,higherperform・

ancemicroelectronicdevices.However,

microelectronicdevicesaresubstantially

differentfromconventionalproducts

devebpedusingindependentdevices.

Duetoproblemsarisingfromintellectual

rights,itisn'tpossibletoincorporate

processorsorcircuitsintochipsasone

pleases.Otherproblemareasrelated

toASICmicrocomputersystemsinclude

thehighcostsofdesignwork,theneedto

dividedevelopmentworkupbetween・

ASICmanufacturersandthefirmspro-

ducingtheequipmentthechipsaretobe

usedin,andthelackofstandardized

circuitlibrariesanddistributionsystems.

Alltheseproblemswillhavetobedealt

withbeforeASICtechnologycanbe

widelyutilized.

15 JapanComputerQuarterly



SoftwareDistributionSystem

lnordertoinsurethesounddevelop・

mentofthesoftwareindustry,asystem

willhavetobeestablishedthatw"1

guaranteethatcopyrightsontrulyexcep・

tionalsoftwareprogramsbeprotected

andthecreatorsofthoseprogramsbe

fairlycompensatedfortheirefforts.For

thisreason,wearegoingtohavetotake

anotherlookatthesoftwaredistribution

system.ProfessorRyoichiMoriof

TsukubaUniversityhasdevisedarevolu・

tionarysoftwaredistributionsystem

whichhecallstheSoftwareServiceSys・

tem(SSS}.Rightnow,ProfessorMoriis

cooperatingwithsoftwareproducersto

determinewaysofcommercializingthis

system.TheSSSbasicallycallsforsoft-

wareuserstopayautilizationfeeto

softwareproducersbasedonhowfre・

quentlytheyutilizeasoftwareprogram.

Userscanfreelycopysoftwareprograms

theyneedorwant.Therefore
,withthe

SSS,CD・ROMsloadedwithsoftware

programsaredistributedtousersat

extremelylostcost.Theusersthen

selectonlythoseprogramstheyreally

wanttousefromamongthesoftware

storedontheCD・ROM,andcopythose

programstotheirownfilesystemsor

recordedthemonanetworkserverfor

theiruse.Theusercanthenpayafee

totheproducerofthesoftwareforthe

numberoftimesheactuallyusesthose

prog「ams.

Thisreporthasattemptedtodescribe

justonefacetofmicrocomputersand

theircurrentapPlications.Butmicro-

computersaremultifaceted,whichmakes

italmostimpossibletodiscussthemin

anydepthinashortreportsuchasthis.

Nevertheless,lhopethisreporthelps

thosewhoreaditgainsomeinsightinto

themicrocomputerindustryinJapan.
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MICROCOMPUTER

INTRODUCTION

Followingtheappearanceofmicro・

processorsin1971,thesedevicesandthe

microcomputersystemstheyformthe

coresofhavebeenemployedinawide

rangeoffields,ineverythingfromcom-

mercialproductstoindustrialmachines

andequipment,andhavehadanin-

calculableimpactonourdailylifestyles.

1nfact,manyofthebenefitsderived

fromtodaゾsmicroprocessorsandmicro・

computersremainunknowntomost

people.

Thisreportisdesignedtointroduce

justafewofthewaysinwhichmicro・

computersarebeingPuttouseinthe

fast-growingmicrocomputerindustryin

Japan.

MICROCOMPUTERAPPLICATION

SYSTEMS

AsshowninFigure1,microcomputer

hardwareandsoftwaremustbetech-

nologicallymergedtogethertoproduce

amicrocomputerapPlicationsystem.

Duringtheeraof8'bitmicroproces.

sors,CP/Mwastheoperatingsystem(OS}

mostoftenusedasthebasicsoftwarein

mic「ocomPute「sYstems.Butfollowing

APPLICATIONS

MasatakeNagai

Manager

SystemApplicationEngineeringDept.

SystemsEngineeringDivision

OkiElectriclndustryCo.,Ltd.

17

theadventofthe16・bitmicroprocessor,

MS-DOShaspredOminatedthemarket.

UNIXandOS・9havealsoearnedplaces

forthemselvesasbasicsoftwareforuse

in16・bitmicrocomputersystems.Most

off-the-shelfsoftwarepackagesanddata-

basesoftwarearenowrelativelyinexpen-

sivetopurchase.Thelevelofsoftware

expertiseexhibitedbytheaverageuser

todayhasimprovedsignificantly,and

numeroususersarequitecapableofput-

tingtogethertheirowndedicatedsoftware

programs.lncreasinglylargenumbersof

usersareeventryingtheirhandsatpro-

ducingtheirowncommunicationssoft・

wareandconstructingtheirownlocal

areanetworks{LAN}.MS-DOS,UNIX,

OS-9andotherbasicsoftwareprograms

playmajorrolesinenablingusersto

developtheirownapplicationssoftware

inthisway.

Microprocessorscomprisethephysical

coresofmicrocomputersystems.Two

typesofmicroprocessorshavegained

widespread .utilization:bit-slicemicro・

processorsandtheso・calledone-chip

microcomputers.General-purposemicro・

processorsaresteadilymovingfrom8-to

16-bitarchitectures,and32-bitmicro-

processorsarealreadygainingPopularity.

AsindicatedinFigure2,general-pur・

JapanComputerQuarterly
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Figure1.MicrocomputerSystemConfiguration
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posemicroprocessorscanbebroadly

dividedintothreegenerallyaccepted

categories:minicomputer-oriented,micVo-

computer・orientedandnew32・bitarchi・

tectures.

Minicomputer・orientedmicroproces・

sors,suchastheLSI'11,microNOVAand

Tl9900,inherittheircharacteristicsfrom

existingminicomputers.Thesemicro・

processorsareactuallyminicOmputerson

achip,sotospeak,andweredevelopedas

large-scaleintegration{LSI}versionsof

existingminicomputersforthepurpose

ofloweringsystemcosts.^

Microcomputer・orientedmicroproces・

sors,suchasthoseproducedbylntel,

ZilogandMotorola,allinherittheir

characteristicsandfunctionsfrompast

mlcrocomputers.

Thethirdcategorycomprises32・bit

microprocessorswithnewarchitectures,

aswellashigh-performancemicroproces-

sorsbasedonreducedinstructionset

computer{RISC}technology.

lnJapan,microcomputer・oriented

microprocessors,especiallylnteland

Zilogmicroprocessors(thelatterbeing

primarily8-bitprocessors},arethemost

widelyemployed.Figure3showsthe

evolutionofNipPonElectricCorpora・

tion's(NEC)Vseriesofmicroprocessors,

whichisrepresentativeofmicroprocessor

developmentinJapan.TheV20andV30

microprocessorsshowninthefigurein・

corporatetheconventional8088/86in・

structionset,andfeaturesoftwarere・

sourcesuccession.lnaddition,theyalso

featurebitprocessinginstructions,bit

ゆ

i[⊇

1

ξ
』

1975 1980 1985 1990

Figure3.NEC'sVSeries
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fieldoperationinstructionsanddecimal

arithmeticinstructions.lnotherwords,

architecture・wisetheV20andV30micro-

processorsarecompatibleextensionsof

8・bitmicroprocessorsfromtheZilog

family.Theyarealsoequippedwithan

8080emulationmodetoenablesoftware

resourcesuccessionfromthe8・bitgenera-

tion.

ln1986,NECdevelopedtheV40and

V50microprocessorswithbuilt・inperi-

pheralfunctions,andcommercializedthe

V60,itsfirst32・bitmicroprocessorinthe

Vseries.TheV70wasdevelopedthe

followingyearin1987.TheV60and

V7032-bitmicroprocessorssupportboth

UNIX{SystemV}andITRON.ITRON

{industrialTRON},「whichgoesbythe

productnameofRX616,isanexternal

specificationofTheReal-timeOperating

systemNucleus{TRON}developedasa

partoftheTRONProjectheadedby

AssistantProfessorKenSakamuraof

TokyoUniversity.Anumberofproducts

havealreadybeenturnedoutbasedon

ITRON.TheseincludeNEC'sRXI16

{1984)employingtheV20andV30

microprocessors;HitachiLimited's

H168K{1986}basedonthatcompanゾs

68000microprocessor;andFujitsu

Limited'sREALOS/286(1986},which

usesthe80286microprocessor.NEC

isstrivingtodevelopaIO・MIPSV80

microprocessorbasedonthe32-bitbus

V70.

SPECIFICMICROCOMPUTER

APPLICATIONSANDPRODUCTS

Figure4providessomespecificex・

amplesofhowmicrocomputersarebeing

used.Asthefigureindicates,microcom-

putersarebeingapPliedtoanextremely

widerangeofdifferentfields.lnfact,it

probablywouldnotbeoverstatingafact

ifwesaidthatmicrocomputersarebeing

puttouseinthousandsofdifferentapPli'

catlons.

TheexamplesgiveninFigure4are

fairlyspecific,andincludeapPlications

inconsumerproductsandhousehold

appliances{theseinvolvemostly4'and

8・bitmicrocomputersystems);measuring,

testingandmonitoringequipment;in・

dustrialandcontrolequipment;datapro-

cessingdevices;businessandcommercial

equipment;datacommunicationsequip・

ment;andtraffic,transportationand

otherequipmentandmachines.Micro-

computersystemsarealsobeingPutto

useinresearchandmilitaryapPlications

aswell.

lnfuture,thefusionofmicrocom-

puterapPlicationsandtelecommunica-

tionstechnologiescanbeexpectedto

produceavarietyofnewsystemsfor

useinallsortsofdifferentfields.

MICROCOMPUTERAPPLICATION

TRENDS

Thecurrenttrendinmicrocomputer

apPlicationsinJapanisawayfrommicro-

computersystemscomprisedofsingle

microprocessorsandtowardmultiprocess・

ingsystemsconsistingofseveralmicro-

processorsworkingtogether.Thereare

anumberofreasonsforthis.These

includetherapidlyrisingcostsofsoft・

waredevelopmentandthespreadofap－
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plicationspecificIC{ASIC)technologies,

plustheneedtomeetdemandfordis-

tributedprocessingandutilizationasa

meansofenhancingperformanceand

reliability.

Todate,microcomputershavedevel-

opedalongthefoHowinglines:

1)smaller,lessexpensivetoproduce;

2)higherspeed(higheroperatingfre・

quenciesandhighspeedmemory

elements);

3)

4}

5}

higherperformance{morepowerful

peripheralLSIsandtheprogression

from8・to16-to32・bitCPUs);

lowerconsumption(CMOStech・

nology};and

multiprocessingcapabilities(multi・

processors,ASICtechnologyandnet・

working}.

ltcannotbedeniedthatmicroproces・

sorsfirstmadetheirdebutintheformof

hand'heldcalculators.However,injust

alittleovertenyearsmicroprocessors

havechangedradically,growingintocom-

putersintheirownright.Theimpact

thesedeviceshavehadontheworldat

largehasnotbeenlimitedtotherealm

oftechnologyalone-ithascreateda

waveofnewapPlicationsinalmostall

fields.Thishasgivenriserecentlyto

increasinglystrongdemandsforcompatト

bilityandstandardizationintherealmsof

bothhardwareandsoftware.Thetrends

apParentintheTRONprojectaregood

examplesofthis.

Somerepresentativeexamplesofhow

microcomputersarebeingapPliedin

Japanincludehigh'performancelaptop

personalcomputers(PCs};TRONma-

chines;personalteleworkstations;〕NKS・

}

Photo1.BTRONPrototypeMachine

BuiltbyMatsushita

ESectriclndustriesCo.,Ltd.

1川landtheDialogSystem.

AgoodexampieofaJapanese・made

high・performancelaptopPCisToshiba

Corporation'sT5100.Thisrnachineem'

ploysthe80386microprocessor.

PhotolshowsaprototypeTRON

machineproducedbyMatsushitaElectric

lndustriesCo.,Ltd.ThisisaBTRON

{businessTRON}PCbasedonthe80286

microprocessor.Thismachineisex-

pectedtoformthebasisforeducational

PCsbuilttospecificationssetforthby

theCenterforEducationalComputing

(CEC}.

Microcomputersarealsofindingappli-

cationinsystem-orientedpersonaltele-

workstationsliketheMightyMate/

ifCOM7EshowninPhoto2.Thisdevice

combines16-bit(MSM80C86}PCfunc・

tionswithwordprocessing,datacom-

municationsandmulti-purposetelephone

functions,andpacksa「lthisintoacom－
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Photo2. System・orientedTeleworkstation

MightyMate/ifCOM7E

pactbodytogetherwithavarietyof

expandablel/Ofunctionsforsuperbman・

machineinterfacecapabilities.Mighty

Mateisthenamegiventhismachineby

NipPonTelegraphandTelephoneCorpo－

ration{NTT),andifCOM7Eistheprod・

uctnamegivenitbytheoriginalmanu・

facturer,OkiElectriclndustriesCo .,Ltd.

LINKS-lisalarge-scalemultiprocessor

systemdevelopedbyOsakaUniversity

andrecentlycommercializedforuseas

athree・dimensionalvideogenerator .As

showninFigure5,theLINKS・lconsists

of65nodecontrollers{NCs).Theroute

computer{RC}simultaneouslytransmits

datarequiredfordiagramgenerationto

allNCsviathebusswitch{BS) .TheRC

employsacentralizedcontrolsystemthat

providestheNCswithonescanningspot

atatimeforprocessing.Onlywhenpro'

cessingofonescanningspotiscomplete

doestheRCprovidetheNCswiththe

nextscanningspotUNKS-lliscurrently

lMSUx65NCx65

』
Terminal

Para|lel

transmlSS|on

ZilogSystem8000

AS

BS・

DC

DM.

FMS

lMSU

NC

RC

囚
Digitizer

DM

IMSU

AnimationSVstem

BusSwitch

DataCollector

DataManipulator

FrameMemorySystem

lnternalMemorVSwitchingUnit

NodeComputer

RouteComputer

Ｌovstick

/
Serial

tranSmiSSiOn

,'一 一

'← 一 一 ー 一■

ヰ∪1

佃
)

⊆(NC・ 〉-

k・ ・>
8

1

r← 」

|

◆ 」

1
評NC2)一

llv

・

ヰ1!

`＼

:
`

』(NC7)一

VTR

妙1

1

)

「 一 ー ー 一 「
A

lBS

ヰ1 ⊆(NC8)一
DCRC

1

FMS)

…

ヒ(NC15)一

w

－

U

g

、

)

-

⊥
AS

:
・

l

l

|

・鴫_」

ヰ1、

「

)

…

Serial
transmission

「 一ー ー一一「

(CR)
(CRう

Unit

1⊂(NC56)一
:

il

lぽNC62)一l
v

1、

|
1

¶
)

⊆(NC63>

:
』(NC餌)－ll

)

Figure5.1」NKS・lDevelopedbyOsakaUniversity

JapanComputerQuarterly 24



underdevelopment.

TheDialogSystem,whichispresently

underdevelopmentbytheElectrotech・

nicalLaboratory',isamultipleinstruction

multipledata{MIMD)systemdesignedto

increasethetransmissionspeedofa

sharedbususingspatialopticalpropaga・

tion.AsshowninFigure6,theDialog

systemmakesuseofpropertiesthat

determinetheradiusofacylindrical

mirror,therangeofexistenceofatrans-

ceiverdevice{a}andtheangleofradia・

tion{c)sothatthelocuscanbefixedto

allowthelightreflectedfromthecylin-

dricalmirrortospreadjusttothespace

betweenbandc.

MICROCOMPUTERAPPLICATION

SYSTEMARCHITECTURES

Microcomputersystemsarecomingof

age,andwiththerapidprogressbeing

madeinmicroprocessortechnology,

shouldreachthematurephaseintheir

developmentbeforemuchlonger.Micro・

computersystemarchitecturesarealso

growingmoresoph.isticated,andnote'

worthynewtechnologiesandknowhow

arebeingaccumulatedinvastamounts・

Forinstance,newmlcrocomputersystem

architectureswillprobablyallincorporate

basictechnologicaielementscomprisedof

nextgenerationtechnicalknowhow.

、◎

、
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mIrror

Processor

、

、

、

、
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、
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Figure6.DIALOGSystemUnderDevelopmentbytheElectrotechnicalLaboratory
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Easy・to・useArchitectures

Amongthenewarchitecturesfor

mlcrocomputersystemswillbeeasy・to・

usearchitectures.Thesewillinclude

architecturesorientedtowardnewpro・

gramminglanguageslikeAda,aswellas

newcomputingmodels.EasV-to・use

architectureswillalsoincludehigh・level

architectures.

High・performanceArchitectures

Therewillalsobehigh・performance

architecturesthatgobeyondanything

capableundertheoldvonNeumann

machineconcept.Somearchitectures

thatmightfallunderthiscategoryare

parallelprocessingarchitectures,modular

architecturesandflexiblearchitectures.

NewApptication-orientedArchitec-

tures

PCsandotherwidelyusedadvanced

architectures,plustheartificialintel-

ligence・typearchitecturesthatarenow

comingmoreandmoreintothespotlight

aresteadilycarvingoutp「aces .forthem-

selvesasnewapPlications-orientedarchi-

tectures.Thesearchitectureswillbecome

thedrivingforcesbehindfutureoffice
,

factoryandhomeautomationschemes .

High-RetiabilityArchitectures

High・reliabilityarchitectures'willre-

quirenewtechnologies.Amongthese

willberedundancystructuredarchitec'

tures.protectionmechanismarchitec.
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tures,auto-diagnosticarchitectures ,fail-

softarchitecturesandfuzzyarchitectures .

NetworkArchitectures

Networkarchitectureswillconsistof

multiprocessorsystemarchitecturesand

LANarchitecturesamongothers .

Bymakingthemostofthenewarchi-

tecturescitedabove ,microcomputer

applicationfieldsinJapanwillcontinue

togrowandexpand
,enablingthis

countrytodealwithawidevarietyof

advancedproblemsusingnumerousand

diversemicrocomputer・basedsystems.

CONCLUSION

Today,microcomputerscannolonger

beviewedsimplyasdevicetechnologies
,

butrathermustbelookedatasaformof

computertechnology.Thirty・two-bit

mlcroprocessorsarebeingreadiedfor

commercialization,andthearchitectures

usedintheconstructionofthesedevices

arecomparabletothosefoundinlarge・

scalecomputers.

Rapidadvancesinintegrationtech-

nologiesareexpectedtocontinuefor

sometimetocome.Andastheydo,ever

la「9e「scaleintegrationandfasteroperat-

ingspeedswillbringusclosertorealizing

mlcrocomputersystemscapableoftens

ofMIPS,speedsheretoforeon「ypossible

withmainframecomputers.

Wecanalsoexpecttoseetheadvent

ofnewtypesofmicrocomputersystems,

suchasthosewhichemploymultiproces・

sorchipsthatcombineanumberof

microprocessorsonasinglechip ,and



ASIC-baseduser-designedmicrocomputer

systemsonachip.

Alotofworkisbeingputintothe

deveiopmentofdedicatedprocessorsfor

useinA1.imageprocessing,signalpro・

cessingandLANsaswell.

Microprocessortechnologyismerging

withcommunicationsandmulti-media

technologies,afactorwhichwillfurther

advancethelevelofmicrocomputersys-

temapPlicationstechnologiesinJapan.

Microcomputersystemsareexpectedto

playacentralroleinfulfillingavariety

ofinformationprocessingneedsinfuture.
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MICROCOMPUTERAPPLICATIONS

ANDENGINEERS

nologytomutuallycomplementand

unitewithoneanother.

Overview SpreadOfMicrocomputerSystems

Theimportanceofcomputertech-

nologywasrecognizedearlyoninJapan,

andtheworldofindustrywasthefirstto

setaboutdevisingmeasurestodealwith

thistechnologyandthesoftwaresovital

toitsoperation.However,newproblems

andissueskeptcroppingupandbefore

wecouldreallygetahandleonit,com-

putertechnologyhadalreadybecomean

essentialpartofoursociety.Butour

pastexperiencesinthisfieldwillenable

ustoselectthemostapPropriatenew

computertechnobgiestointroduceinto

industryandsocietyinfuture・
.

Radicaladvancesweremadeinsemi-

conductortechnologystartinginthe

1970's.ThesubsequentapPearanceof

high・performance,low-costdevicesasa

resultoftheseadvancespromptedthe

rapidspreadofmicroelectronicsthrough-

outindustry,forcingindustrytoonce

againtrytocometogripswithacom-

puter-relatedtechnology.

Thegoalthenistoseekapplications

formicroelectronicsthatallowthehard-

wareandsoftwareaspectsofthistech・

Today,microelectronicstechnologyis

findingapplicationsinawiderangeof

differentfields、andmicroelectronics

devicesarebeingincorporatedintolarge

numbersofproducts.Applicationsfor

microcomputersystemsaresteadilygrow-

ingfbothquantitativelyaswellasqualita-

tively.

Costeffectiveness

Asthetermmechatronicsimplies,

electronicstechnologiesarerapidlyre・

placingconventionaltechnologies,and

products|ncorporatlngmlcrocomputers

arefastbecomingthenorm.Thisisre-

sultinginconsiderablecosteffectiveness

inproductmanufacturingprocesses.This

goesfordevelopmentcostsaswellas

productcosts,costeffectivenessbeing

achievedinthematerialsandnumber

ofprocessesrequiredtomanufacturea

product.lnotherwords、microcomputer

technologyhasbecomearequisitefor

cOmpaniesstrlvlngtOremalnCompetltlve・
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lmprovedproductperformance

Microcomputertechnologymakesit

relativelyeasytorealizehighlevelfunc-

tions(computing,control.classification

andinquiryfunctions}thatweredifficult

toachieveinthepast.Thisisstimulating

thespreadof"intelligent"productsinto

awiderangeofapplicationsandfields.

Forcompanies,microcomputertech・

noiogyhasbecomeanessentialfactorin

achievingvalueadded.

shorteningthetimeittakestolocateand

repairmalfunctions.

TheRoleOfMicrocomputerSys-

temsEngineers

Theabovecitedspreadofmicrocom-

putersiscreatingthefollowingrolesfor

microcomputersystemstechnologyand

theengineersthatspecializeinthistech-

nology.

Productplanning

Systemoptimization

Officeautomation(OA}andfactory

automation(FA)representthedirection

ofcomputerizationintheworldof

industry,andunderlyingthesemove-

mentsisthedemandfortotalsystemper-

formance.Thistrendisquiteevident

evenattheindividualproductlevel,

whereproductsarebeingsoughtmore

andmoreassystemcomponents.

Functionssuitableforuseindis・

tributedprocessingandnetworkinter-

meshingarebeingsought,andmicro・

cOmputersystemsareessentialtoachiev・

ingthesefunctions.

Enhancedquality

Microcomputersenablelargerscale

integrationandthusallowthenumberof

componentpartsusedtomanufacturea

producttobedrasticallyreduced.This

inturnenhancesproductreliabilityand

improvesquality.Microcomputersalso

facilitatetheuseofavarietyofdiagnostic

tools,therebyenhancingefficiencyby

Productplanningrequirestimelydeci-

sionsconcerningmarketdemandlevels

andthesuitabilityofproductplanning

schemesvis・a-visthosemarkets.

lnmakingthesedecisions,provisions

mustbemadeforproductcompetiveness

aswell,i.e.productplanninghastotake

costs,functions,performanceandquality

intoconsideration.ltisalsonecessaryto

formulateclearpoliciesregardingproduct

assessments/evaluationspriortomarket・

ingandpost-marketingdevelopment

work(SeeFigure1}.

Thesekindsofdecisionsandplans

requireconsiderableandvariedinputsof

knowledgefromawiderangeoftechnical

fields,andespeciallyfromthefieldof

microelectronics.First-classmicrocom-

putersystemsengineersaretherefore

indispensabletotheproductplanning

process.

Productdevelopment

Onceaproductplanreachesthe

developmentstage,workisgenerally
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Figure1.DefiningRequirements

carriedoutbyaprojectteamcomprising

aprojectleader,whoischargedwith

overallcoordinationoftheproject,and

anumberofdesignersfromdifferent

fields.

Theprojectleaderoverseesthedesign

ofthetotalsystem,whichincludesboth

hardwareandsoftware,anddoessokeep・

ingthevarioustradeoffsbetweenthese

twofieldsinmind.

Thedesignersgenerallyworkeitherin

hardwareorsoftware.Nomatterwhich

fieldtheyareassignedto,theVmustbring

withthemspecializedknowledgeoftheir
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ownchosenfields,plusskillsandknow-

howineitherhardwareorsoftware

development.lnsomecases,designers

areaskedtoundertakebothhardware

andsoftwaredesignatthesametime.

Asmicrocomputer・equippedproducts

continuetoincreaseandspread,micro・

computerhardwareisevolvingandchang-

ing,resultinginnew,originalhardware

configurations.Andsinceitissoftvvare

thatcontrolsthisincreasinglyspecialized

hardware,thetwotechnologiesarebe-

comingmoreinseparableallthetime.

lndividualsystemsdesignersarethus



beingrequiredtoworkinbothrealms

SimultaneOusly.

Productiondesign

Peopleinchargeofsettingupproduc・

tionprocesses(installingProductionlines,

puttingtogetheroperationmanualsand

providingemployeeswitheducationand

trainingintheperformanceofthose

processes}and/orpromotingtheirim・

provement,enhancementandvalue

analysisdonotnecessarilydosoina

uniformmanner.Inmanycases,there・

fore,theskillsandknowhowofsystems

engineersareneededatimportantstepsin

coordinationandinspectionprocessesin

particular.

Qualityassuranceandservice

Awiderangeofmicrocomputer.

relatedskillsandkn◎whowarealsore・

quiredintheareasofqualityassurance

andafterserviceformicrocomputer・

equippedproducts.lnadditiontoes-

tablishingthekindofsystemmentioned

above{manualsandtraining),micro・

computersystemsengineersarealso

neededtotroubleshootthevariousmal-

functionsthatcanoccurinthese

products.

Figure2showstheprocessusedto

developmicrocomputersystems.This

flowchartalsoservestoillustratethe

"flow"ofresponsibilitiesshouideredby

microCOmputerSystemSengmee「S・
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TrainingMicrocomputerSystems

Engineers

Aspointedoutabove,theroleofthe

mlcrocOmputersystemsenglneerls

becomingincreasinglyimportantina

growingnumberofdifferentfields.

Nevertheless,thetrainingprogramscur-

rentlyinplaceformicrocomputersys'

temsengineersarest"1notsatisfactory.

Thecurrentstateofin-houseeduca-

tionandtrainingProgramsaimedat

mlcrocomputersystemsenglneersln

Japan,aswellassomeofthemore

blatantproblemsthatmustbedealt

withinthisregard,canbesummarized

asfollows:

1)Microcomputersystemsengineersare

notlimitedtoworkinginthetech-

nicaldepartmentsofcompaniesalone,

butrathermustbeassignedtoa

numberofdifferentdepartmentsand

sections,toincludethebusinessand

manufacturingdepartments.This

situationisgivingrisetoarealshort-

ageofqualifiedpersonneltofillthese

POSItlons;

2}Asarule,companiesdividemicro・

computersystemsdevelopmentinto

twoseparateoperations,onefor

hardwareandanotherforsoftware.

However,itisnowratherwidely

recognizedthatmergingthetwo

realmsofhardwareandsoftwaredevel-

Opmentintoasingleoperation

producesthebestresults.Neverthe-

less,thosefirmsthathavetakensteps

toreorganizetheiroperationsto

achievethishaveyettoproceed

JapanComputerQuarterly
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Figure2.MicrocomputerSystemDevelopmentProcess
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beyondthetria卜and・errorstage;

3}Historicallyspeaking,microcomputer

technologyisquitenew.Atthesame

time,however,ithasundergone

tremendouschangesinitsbriefex-

istence.Forthesereasons,existing

hierarchicalstructuresarenolonger

adequatetothetask,andnewhierar-

chicalstructuresareneeded;

4}Microcomputersystemsdevelopment

sectionsoftenneedtocontactand

cooperatewithotherdivisionsand

sectionswithinthesamecompany,

aswellaswithoutsideorganizations.

However,themeansforcoordinating

thesecontactsandsupPortingsystems

engineersarestillfarfromadequate;

and

5}Thereisstillnofirmlyestablished

systemforrecognizingandevaluat-

ingthequalificationsofmicrocom-

putersystemsengineers,whichinturn

makesitdifficulttosetupeducational

andtraininggoalsandtargets,andto

deviseeffectiveplansfor .facilitating
education/trainingprograms.Thisa|so

accountstosomedegreeforwhyso

manycompaniesarehavingsucha

hardtimefindingthequaiifiedmicro-

computersystemsengineerstheyso

sorelyneed.

ln1987,theJapanlnformationPro'

cessingDevelopmentCenter(JIPDEC}

conductedasurveyaimedatdetermining

howwellthesupplyofmicrocomputer-

relatedengineerswasmeetingthedemand

forsaidatJapanesecompanies.The

resultsofthatsurveyarepresentedin

Figure3.

Figure4providesinformationonthe

typesofworkinwhichthesesamemicro-

computer-relatedengineerswereactually

engaged.

Shortage■Sufficiency

口Ratherfew・iiiiiiNoresponse

Almostsufficient

Hardwarespecialists

Softwarespecialists

Systemsengineers

il＼ ＼i・=≡ ・
… 。照 ÷一 三 塁iiiiiiiiiiiiiiiii

i㍉'＼iξ …
' 'll `

01020304050607080

Figure3.SupplyofMicrocomputer・relatedPersonnelby

TechnotogicalSpecialization

90100
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RatioofPersonneSPossessingRequired

Microcomputer・relatedKnowledge

Bothsetsofdataindicatethatthe

shortageofmicrocomputerengineersat

Japanesefirmsisaseriousproblem.What

thisinformationdoesnotindicateisthe

factthatthesituationisbecoming

chronic.lnorderforJapanesecompanies

todealsmoothlywiththephenomenon

ofexpandingmicrocomputerapPlications

combinedwithevermoresophisticated

technology,theyaregoingtohaveto

solvetheirpersonnelproblems,andfast..

Whenitcomestoin-housetraining

programsformicrocomputerengineers,

mostcompaniesarerelyingonOJT

schemes.However,inordertosatisfy

theneedformore,higherqualityengi-

neers,theseOJTschemesaregoingto

havetobesupplementedwithsystematic

learningand/orcompleteeducationpro－
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gramsintheverynearfuture.These

systematiceducationprogramswillhave

tofocusonin・houseeducationandtrain-

ingschemesforthemostpart,and,with

theexceptionofthemajormanufac-

turers,thismeansthereareboundtobe

biggapsbetweenwhatisidealandwhat

ispossiblefromapracticalstandpoint.

Atpresent,themajorityofJapanese

firmshavenorecoursebuttokeep

relyingquiteheavilyonOJT.lfthis

situationisn'tovercomeinthenear

future, .thenwecanexpectthedearth

ofqualifiedmicrocomputerengineersto

COntlnUetOWOrSen.

Whatisurgentlyneedednowto

effectivelymanagetheeducationand

trainingofmicrocomputerengineersare

someapPropriategoalsfortheseengi一



neerstoaimfor,plusasystemforobjec'

tivelyevaluatingtheirqualificationsand

abiiities.

STANDARDEDUCATIONCUR・

RICULUMFORMICROCOMPUT-

ERSYSTEMSENGINEERS

Asshouldbeevidentfromtheprevi-

oussections,Japanissorelyinneedof

apolicyforeducatingitsmicrocomputer-

relatedengineers.JIPDECistherefore

workingtocomeupwithastandardcur-

riculumforuseintheeducationofmicro-

computersystemsengineerstThecon-

ceptsandcontentsofsuchacurriculum

aresetforthbelow.

OverallCurriculumOrganization

Micrσcomputersystemsengineers

belongtoaratherdifferentworldthan

informationprocessingengineers .The

differencebetweenthesetwogroupsof

engineersliesinthegreaterdegreeto

whichmicrocomputersystemsengineers

getinvoivedinhardware-relateddevelop-

ment.Morespecifically,microcomputer

systemsenglneersareconcernedprimarト

lywithmakingthemostofbothhard-

wareandsoftwaretodevelopsystems

thatcloselyapproachthegoalsthey

haveinmind.Thismeansthatbefore

aneducationprogramformicrocomputer

systemsengineerscanbedeveloped
,the

variouslevelsofskillsandknowhow

requiredbytheseengineersmustfirSt

beestablished.Tablelshowsthethree

levelsofskillsandknowhowdetermined

necessaryformicrocomputersystems

engineers.Basedonthisoverallimage
,

JIPDECformulatedspecificeducational

goalsforeachofthethreelevels,basic,

seniorandadvancedengineers .Figure5

attemptstoexpressthesegoalsinsystem・

atlCterms.

OverviewOfStandardCurriculum

ForBasicEngineers

JIPDEChasalreadypreparedacon・

cretecurriculumfortheeducationof

basicgrademicrocomputersystemsengi-

neers,andiscurrentlypushingforward

withthepreparationofguidelinesforthe

educationofthesebasicgradeengineers

{amanualforjuniorengineerinstructors}

andastandardcurriculumforuseinthe

educationofseniorgradeengineers.JIP-

DECintendstoprepareacurriculumfor

advancedgrademicrocomputersystems

engineersinfutureaswell.

Thestandardcurriculumforbasicgrade

engineersisbasica「lyaimedatmicrocom,

puterengineerswithatleastoneyear

actualworkingexperience(hands-on

experiencewithmicrocomputertech-

nology),andisdesignedtoraisethelevel

ofskillsandknowhowpossessedby

individualsinthisclass.

Curriculumorganization

1,lntroductoryTraining

Trainingaimedatprovidingbasicgrade

mlcrocomputersystemsengineerswith

theminimumeducationrequiredcon-

cerningboththehardwareandsoftware

aspectsofmicrocomputersystems.
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TabSe1.BreakdownofMicrocomputerSystemsEngineersbyClassandSkills/knowhowRequired二

ltem

Clas5

HerdwareSkills SoftwareSkills Overe}|Pesition

Advenced

Grad・

Engineers

1.Shouldtechnical|V

1[becapableofworkingwithformu|adeslgnsforbasicapp|icetion

fie|ds{commu[icationsorcontro|}anddeterminingtheeptimum

form山as{cost・performence・detiverVperiod}.

2}Beabletodesignsystemswithhighspeedinput'output,aswellas

real-timemOnitOrS.

2.Forproi㏄ts,shou|dbeableto

1)workwithformuladeslgns.assignsubordinetestopositions

commensuretewiththeirabi|ities.8ndestim8tedevetopment

timesaccurately.

3.Shouldhaveworkedesaseniorgredeengineerferatle8sttwo

{2}years,andshou|dbeabletodesigneninnovetivesystem

thatisoperationa|lyseund.

3}Possessspecializedknowhowinavari飢Voffie|ds.

1 Shouldbeεap8bleofdeterminingthebestformulas. 1

1[Shou|dbecapab|eofprocessingdatabyconvertingitfrom 4[Shou}dunderstandexistingOSsandbeabletodesignsuch 6[Shouldb8capableofquicklyutilizingnewt㏄hnologies

analogtodigital.andofoutputtingdatabyconvertingit systemsasnecessary. 116'32bit8rchitectures.PLAandnewOSs}.
fromdigitaltoanab9.

5}Shouldbeabletoperformratherdifficultprocessingwork 7[Shou}dbeabletofunctiona58sub・leaderonprojects,8ndto

2[Shou|dbecapab|eofworkingwithavarietVofstandard usinglntelandMotorolaassemblerl8nguages;shoωdbeable 8ssumeresponsibilityforagOodportiOnofthOseproi㏄ts.

ω
o Senior

Grade

interfaces{5hou|dbeab|etodesignperiphera|circuitsthat

meetwiththedesignatedgoals.L

tomodularizefairlVlargesystem5usingcompilerslandshould

beabletowriteadetai|edf|owchart.
8}Shouldhavebetween2-3yearsofexperienceosabasic

gradeengineer、8nd'orh8vedesigned8noper8blesvstem.

Engineers 3}Shou|dbea回etodgsignthecircuitsneededfortheabove

{5houldb8know|edgableofanalogcircuits.noisereduction

measuresandpowersourcesaswelLl.

ll/Odoθs〆trequireverVhighspeeds.)

iShou団beab|etowritere・emramprograms-shouldbe

capableofhandlinganumberoft8rgetsinparallel.[

9} Shou|dbecapableofviewingrnicrocomputersVstemsasa

who|e.

{Shouldbeabletouti|izelists-shou|dbecapab|eofefficient
Shou|dbec8pableofdesigning8sVstemgiven

retrievalandrecOgnitionJ thedesiredgoals.

{Shouldbeab|etowritefi|emanagementprograms.}

1[Shourdbecapableofinput1inginformationviaakeyboard, 5[Sho山dposse55genera|know|edgeofdevelopmentandimple・ 8}Shou|dbecapableofperforming8uxiliarVdesignwork.8nd

ofperformingsimpleprocessingoperations.andofoutput・ mentationenvironme川s. ofproducingasystemina㏄ordancewithadesign.

tinginformationtoprinters,LEDsandotherdisp|aydevices.
6}Shouldbecapableofperformingsimpleprocessingoperations 9}Shou|dhaveoneyearofactu8}experience.ortheequivalent

21ShouldbefamiliarwiththeRS-232CandCentronicsinter・ u細geitherlntelorMotorolaassemblers〔Forinstance, ofsaidintrainingli.e.5hou}dbeonthesam白Ievelasatechni・

Basic

Grade

E叩ineers

faces.

3}Shouldbeabletouselhardware[timersandinterruptkeVsto

perfOrminterr叩tOperationS.

shou|dbeab|etousel'OmacrossuchasBIOS).andofper・

formingfairlycomplexprocessingoperationsusingBASICand

C{suchascodeconversion,aggreg8teandcriteriaoperat}onsl.

7}Shoωdbecapableofproducingaccuratesubroutineswhen

10[

calschoolgr8duate[.

Shou|dknowtechnicaltermino|ogVandbeobletooonverse

usingthose榔ms.

4[Shouldbeabletoreadandproducediagramsfortheoff・the・

shelfcircu}tsrequiredforsystemswiththeabovefunctions

{inc|udingthenecess8rVperipheraはSldiagramsL

providedwithc|earspecifications{Shouldbeabletodocod・

ingfrom刊owchartS),

・Shou|dbecapableofperformingauxi|iarydesignwork
,

8ndofproducingsVstemsinaccord8ncθwiththose

designs.

・ShouldbecapableofusingtechnioaRermimlogy
.

● ●



'

' 、

'

' 、
'

,'

'
'L

、
〉
、

'

'

、

'

' 、

●

/ノ レ1

㌧
StandardCurriculum Plan

、

、
、、

、

、
、

、
、

'

''

'

'

'

'

,一'一'

、
、 ←

・ 一 ●

→ 一

'
''

一 一'・

≡ 一

、 、
''

'

、 、
、

'
、

、'

'
、 、

、 、

1 1＼ 、

Education Textbooks

、

Policy

'

1 1, '

、
、 、

、 、
、 、 ← 、 、

、 一 一

'
'

''
'

〆'
''一一

'
'

'

'
'

,■ ≡'
.

''

.一 、
へ 、

、 、

、
、

、

、
、
、
、

' 、

' 、

「 、

＼: Eivaluatio.nTest :See
、' '
、 '

、 '

、

、

,'

Do

、
、

、
、 '

'
'

Figure5.EducationSystemforMicrocomputerEngineers

ll.HardwareTraining

Tlainingaimedatorientingbasicgrade

engineerstowardthehardwareaspects

ofmicrocomputersystems,whileatthe

sametimedrawingonpertinentsoftware

knowhow.

lll.SoftwareTraining

Trainingaimedatorientingbasicgrade

engineerstowardthesoftwareaspectsof

microcomputersystems,whileatthe

sametimedrawingonpertinenthardware

knowhow.

37

Levelsoftechnology!knowhow

1.Knowhow

Basicgradeengineersmusthavea

generalknowledgeofthetechnicalterms

usedinthefield.Problemscorresponding

totechnicalterminologyaremarkedwith

anasterisk(+).

ll.Technology

Basicgradeengineersshouldpossessthe

technicalsk川snecessarytoapplyknow-

ledgeandru|esrelatedtoformula・based

operations,circuitanalysisanddesignand

programmingtodevelopamicrocom-

putersystemthatapProximatesthetype

JapanComputerQuarterly



ofsystemsdesired.

Curriculum-basedtrainingmethods

Thefundamentalapproachusedto

trainbasicgradeengineersinaccordance

withthecurriculumjustoutlinedisas

fol|ows:

1}

2}

3)

lntroductory(jointhardware/soft・

ware}trainingismandatory;

Hardwareandsoftwaretrainingare

electives;and

Thesuggestednumberoftraining

hoursperyearis180hours(which

worksouttoanaverageof60hours

percategory,i.e.jointhardware/

software,specializedhardwareand

specializedsoftware}.

ContentsOfStandardCurriculum

ForBasicGradeEngineers

Thissectionpresentsadetaileddes・

criptionofthecontentsofthestandard

basicgradeengineercurriculumby

category.

CurriculumOutline

Part1.Fundamentals

1.Numericsystems

2.Codingsystems

3.Logiccircuits

4.Sequentialcircuitoperations

Part2.Systems

1.Basicdescriptionofmicro・

COmpUterSVStemS

2.Microcomputersystemdesign

anddevelopment

3.Communicationstechniques

Hardware

Microcomputerstructuresand

functions

PeripheFaldevices

|/Ointerfacefunctions

Electronicandmechanical

components

Microcomputersystems

Hardwaredevelopment/main.

tenance

Part4.Software

Roleofsoftware

2.Programrepresentation

techniques

3.Programminglanguages

4.lnterruptprocessing

Part1.Fundamentats

1.lntroduction{BasicSkillsand

Concepts}

EducationalObjectives

Thispartofthecurriculumisdesigned

toprovidebasicgradeengineerswithan

understandingofmicrocomputersystem

configurationsandoperations,andthe

knowledgenecessarytodevebpsuchsys・

tems.Thiscategoryservesasageneral

introductiontotherestofthecur-

riculum.

Objectives

Theobjectivesofthispartofthecur烏

riculumaretoprovidebasicgradeengi-

neerswithanoverallunderstandingof

microcomputersystems,andtoteach

themthebasicmathematicalandlogic

circuitknowhownecessarytoworkwith

thesesystems.
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Section1.NumericSystems

Objectives

Toprovidebasicgradeengineerswith

anunderstandingofthenumericsystems

usedtorepresentdataandmachine

languageinmicrocomputersystems.

Specialemphasisispjacedontheconcept

ofcomplementsandhowtheyareused,

aswellasonfloatingPointoperations.

ErrorsandapProximations

lI.Hardware

EducationalObjectives

Thispartofthecurriculumisdesigned

toteachbasicgradeengineersabout

fundamentalhardwaretheoriesandcir・

cuits,andtoprovidethemwithanunder・

standingofmicrocomputersystemdevel-

CurriculumOutline

Contents

1.1Numberrepresentation

rnumbers{binary,octaltdecimaland

hexidecimalnumbers},bit,nibble,

byte

1.2rnumbersandoperationmethods

Fourrulesofmathematics{addition ,

subtraction,multiplicationanddivi-

sion).

1.3Complements

rCOmplements

One'scomplement,two'scomplement

1.4Codeutilization

Unsignedbinary

Signedbinary

Overflow

1.50thernumberrepresentationsand

operatlons

Binarycodeddecimal{BCD}

Packformats

Variousrepresentationformatopera-

tions

1.6Floatingpoints

Radix

Normalization

Floatingpointnumbersandoperations

Overflowandunderflow

39

Contents Hours

Part1.BasicCircuitsandTheir

Applications

1.Electriccircuitsand

magnetism

2.Electroniccircuits

3.Opamp
15hours

4.Powercircuits

5,Logiccircuits

Part2.Microprocessorsand

peripherals

1.Overviewofmicroprocessors

2.Microprocessorconfigurations .

andoperations

3.Memory 40hours

4.1/Ointerfaces

5.Peripheraldevices

6.Communicationstechnology

Part3.lnterfaces

1.lnterfaces

2.A-D/D・Aconverters

3.Sensors
15hours

4.Actuators

Part4.DevelopmentProcedures

andTools

1.Systemdevelopmentand

designprocedures

2,Systemdeve|opmentsupPort 10hours

toolS

3.Electronicinstrumentation

Part5.ComponentsandPackaging

1.日ectroniccomponents

2.Displaydevices 10hours

3.Packagingtechnology

TotalHours 90hours
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opment,design,productionandinspec-

tion,evaluationtestingandmaintenance,

astheserelatetothesoftwareaspects

ofsuchsystems.

Anadditional30hoursofpractical

trainingandexercisesarerequired.

Part1.BasicCircuitsandTheirAp・

plications

Objectives

Thispartofthecurriculumisdesigned

toprovidebasicgradeengineerswithan

understandingofthefundamentalcircuits

thatcomprisemicrocomputersystems,

andtheirrespectivefunctions.

Section1.ElectricCircuitsand

Magnetism

Objectives

Thissectionofthecurriculumis

designedtofamiliarizebasicgradeengi・

neerswiththefundamentalrulesand

theoriesrelatedtoelectricity,electric

circuitsandmagnetism,andtoteach

themhowtouseactualcircuits.

Contents

1.1

1}

2}

3)

4)

Directcurrentcircuits

Resistorslinkedinseriesandin

parallel

Lawsgoverningohms

Kirchhoff'slaw

Powercalculations

JapanComputerQuarterly 40

祈1
.2Alternatingcurrentcircuits

1}ACexpressions

2}Resistancecircuits

3)lnductancecircuits

4}Capacitorcircuits

5}Serialresonance

普1
.3Magnetism

1}Magneticinduction

2)Currentirlduced

{Percivarslaw}

3)Fleming'slaw

4}Lentz'law

5}Magneticscreens

magneticfields

川 Software

EducationalObjectives

Thispartofthecurriculumisdesigned

toprovidebasicgradeengineerswithbasic

knowledgeregardingsoftwarebyteaching

themabouttheroleofsoftwareasIt

relatestohardware,softwaredevelop・

menttechniques,operatlngsystems
,

CurriculumContents

PartlProgramming

Roleofsoftware

2.Programminglanguages

3.Basicprogramming

4.Structuredprogrammingand

programwritingrules

Part2.OperatingSystems

Operatingsystems

2.Languageprocessors

Part3.SoftwareApplications

1.Softwaredevelopment

procedures

2.Appliedprogramming



programminglanguagesandlanguagepro・

cessors.ltisalsodesignedtoprovide

basicgradeengineerswithsolidprogram'

mingskillsintheareasofbasic,applied

andstructuredprogrammingandprogram

WritingrUleS.

Anadditional60hoursofpractical

exercisesandtrainingarerequired.

Section1.RoleofSoftware

Objectives

Thissectionisdesignedtoteachbasic

gradeengineersabouttheroleofsoftware

inmicrocomputersystemsdevelopment,

especiallythemanysoftwareproblems

relatedtohardware.

Part1.Programming

Contents

Objectives

Thispartofthecurriculumisdesigned

toprovidebasicgradeengineerswithan

understandingoftheroleofsoftware,plus

programminglanguagesandtechniques・

ltisalsodesignedtofamiliarizethem

withprogramsanddatastructures,and

toteachthemprogrammingtechniques

thatwillallowthemtoprepareeasy-to・

readprograms.

"1
.1Softwarecanbestbedescribedby:

1}Definingthetermsoftware

2}Explainingthespecialcharacteristics

ofsoftwarevis-a・vishardware

3}Relatingtheproblemsencountered

ontheborderlinebetweenhardware

andsoftware

wl
.2Theroleofsoftwareinsystem

controlis:

1)PIcontrol

2}Sequentialcontrol

3}Others

,e1
.3Theroleofsoftwareindataproces-

StngIS:

1)Sampling

2}Filtering

3}Physicaldataanditsstructure.

4}Others
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ExaminationforMicrocomputer-

basedSystemsEngineers

TatsuyaOrihara

ResearchDept.

JlPDEC

THEMICROCOMPUTERENGI・

NEEREXAMINATION

Background

Thetrendinrecentyearstoward

higherperformance,lowercostmicro・

computershasresultedintheirbecoming

vastlypopularinjustaveryshorttime.

Theworldofindustryhasquitenatural・

lytakenadvantageofthisphenomenon

tointroducethistechnologyintoour

dailylifestyles.Aliwehavetodoislook

aroundusandthetruthofthisstatement

becomesobvious.Microcomputersare

usedinallsortsofelectrichousehold

apPliances,aswellasinautomobiles,

telephones,cameras,sewingmachinesand

eventoys.Thewidespreaduseofmicro・

computersiscontributinggreatlytoward

improvingthewaywelive.

However,despitetheubiquit6usna-

tureofmicrocomputers,weseldomget

toseethesedevicesthemselvessincethey

makeupthecorearoundwhichproducts

incorporatingthemarebuilt.

Microcomputersarereallyjustsmall

semiconductordevices,buttheyarefast

becomingindispensabletosociety.1n

future,everhigherperformancemicro-

computersareexpectedto .beincorpo－

ratedinanincreasinglylargerandmore

diversearrayofproducts.Thesedevices

couldwellgivebirthtoproductstheiikes

ofwhichwehaveneverevendreamedof

before.Cometothinkofit,theyalready

have.

Therapidspreadofmicrocomputers

andmicrocomputerapPlicationsrequires

increasinglylargernumbersofmicrocom・

putersystemsengineers,andtheseengi・

neershavetopossessincreasinglyhigher

levelsofsk川sandknowhowtokeep

pacewiththeadvanceofmicrocomputer

systemsandapPlicationstechnologies.

However,wearecurrentlyfacedwith

adireshortageofmicrocomputerengi・

neers,inthecorporaterealmaswellas

otherfields.

Educationalinstitutesandcorpora-

tionshaverecentlybeguntorecognize

theseriousnessoftheproblem,andhave

startedconcentratingontheeducation

andtrainingofmicrocomputerengineers.

However,sincethereisnostandardcur・

riculuminJapanforteachingthebasic

skillsandknowhowrequiredofmicro・

computerengineers,theyarerunning

intoanumberofsnagsinthisregard.

Forthisreason,mostcorporationshave

hadtorelyonrelativelyineffectiveOJT

{on-the・jobtraining)schemestotrain
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theirmicrocomputerspeciaiists.

lntroductionofanExamination

System

Asisevidentfromtheabove,the

educationandtrainingofmicrocomputer・

relatedengineersisanurgentissuein

Japan.Accordingtotheresultsofa

surveyconductedbytheJapanlnforma-

tionProcessingDevelopmentCenter

{J|PDEC)in1987,theamountofmoney

andtimespentonthetrainingofmicro-

computerspecialistsandengineersin

Japanconsiderablyexceedsthatforengi・

neersfromotherfields(SeeFigure1}.

Despitethis,however,thihgsarenot

goingaswellaspeoplewouldlikethem

to.Tohelpalleviatethesituation,JIP・

DECdevelopedastandardcurriculum

foreducatingmicrocomputersystems

engineers.andhascomeupwithaconcise

educationpolicy.This,combinedwith

theintroductionin19850fanexamina-

tionsystemformicrocomputersystems

engineers,hashelpedpointthewayand

givenimpetustotheeducationofthese

engineershere.

EXAMINATIONMAKE-UPAND

CONTENTS

CompositionofExamination

TheExaminationforMicrocomputer-

basedSystemsEngineersisdividedinto
.

threelevels:basicgrade,seniorgradeand

advancedgrade.EachIeveloftheexami'

natidnassumesthatthetesteesalready

possesscertainskillsandknowledge.For

instance,theexamforbasicgradeengト

neersisdesignedforindividualswho

alreadyhaveenoughbasicknowledgeto

benifitfromOJT(abasicunderstanding

ofmicrocomputersandtheirapplications

systems.}.

Theseniorgradeexamisaimed

atindividualscapableofworkingontheir

ownasmicrocomputerengineers(People

withasolidgroundinginmicrocomputer

hardware,softwareandrelatedtech-

nologies,whopossessspecializedknow・

多多Greater≡Smaller

口Nodifferencei蓑iNoresponse

EducationExpenses

EducationTime

微 1≡≡ 糠 婁鷲 …鍋

i＼ 璽 当一 ≡,...… ….……‥i

0 10 20 30 40 50 70 80 90100

Figure1.TimeandExpenseDevotedtoEducation-AComparisonandContrast

ofEngineersWorkinginMicrocomputer'relatedJobsandThoseWorking

inOtherFields
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ledgeandskillsinthedesignanddevelop・

mentofoneormoreoftheseareas,and

who,whenprovidedwiththenecessary

specifications,arecapableofconstructing

microcomputersystems.}.

Theadvancedportionoftheexamina-

tLonIsspecializedforenglneerswith

technicalknowledgeandski「lsin

areasofmicrocomputerhardware

softwaredesignanddevelopment,

theadditionalmanagementskills

the

and

plus

and

knowhowtofunctionasproject|eaders

(Engineerswiththesametechnicalskills

asseniorgradeengineers,butwith

longyearsofpracticalexperiencewhich

haspreparedthemforthedevelopment

ofhigh-levelmicrocomputersystemsand

themanagementofprojectteamsput

togethertocarryoutsuchproject.).

TheExaminationforMicrocomputer・

basedSystemsEngineerswasfirstgivenin

1985,andforthefirsttwoyears{1985-

86}consistedofonlythebasicgradepor'

tionofthetest.ln1987,aseniorgrade .

examwasalsoincluded,andpreparations

arebeingmadenowtoofferanadvanced

gradeexaminthenearfuture.Thescope

oftheproblemsposedinthebasicand

seniorgradeexamsarepresentedin

Tablesland2.

Table1.ScopeofProblemsPresentedintheBasicGradeExam

Themicrocomputersystemusedduringtheexamisafundamentalsystemswithasimple

lnput/outputdeviceandonelevelinterruptcapabilities.Themicroprocessorforthissystem

isoneofthreetypesofgeneraトpurpose8・bitdevices。lnters8085,Zilog'sZ800rMotorola's

6800,anyoneofwhichcanbeselectedasnecessarV.

oSystemDevelopmentProcess

Examineesaretestedontheirunderstandingofgeneralsystemdevelopmentprocessesand

thespecializedterminologyusedinsaidTheyarealsotestedontheirknowledgeofthe

namesandusesofrequireddevelopmenttools,suchaseditors、debuggersandemulators

oSupPortSoftwereandLanguages

Examineesaretestedontheirunderstandingofsoftwaredevebpmentdevices ,operating

systems.conversionprogramsandprogramming|anguages.

oSoftWareDevelopment

εixamineesaretestedontheirabilitytoproduceamodulebasedondesignsprovidedTheV

canchoosefromamongtheZ80,80850r6800microprocessors,andtheirrespectivecom-

mandsetsandprogrammingtechniques、

Examineesareevaluatedastotheirknowledgeandabilitytocomprehendsubstrate-level

designsusing|ntelZi|ogandMotorolageneral-purpose8・bitmicrocomputers.Theyare

testedinparticularontheirabi|itytoconstructsimplelogicdiagramsusedindesigning

mlcrocomputersystems.

oSystemHardwareandComponents

Examineesaretestedontheirknowledgeofandabilitytocomprehendmanufacturer

specificationsforpassivecomponents{resistors,condensors)activecomponents{diodes ,

transistors),TTLandCMOS.Theirbasicknowledgeofmicroprocessors 、memorVand

otherLSIs,systempowersourcesandgrounds,andl/Odevicesandsubstratesisalsotested

oSyst6mCircuitDesign

Examineesaretestedontheirunderstandingofbasicpulsecircuitsandtheoperationof

logiccircuits,andonthedegreetowhichtheyarecapableofconstructingsimplelogic

diagrams.TheirbasicknowledgeofmicrocomputersVstemconstructionandthemeaning

andoperationofinterfacesisalsotested

oSystemPackagingTechnology.lnstaSlationEnvironmentsandlnst田mentation

Examineesaretestedontheirfundamentalknowledgeoftheeξfectsofheatandnoiseon

mlcrocomputersysteminstallationaswellastheirunderstandingofthefundamental

handlingproceduresformicrocomputersVsteminstrumentation.
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Table2.ScopeofProblemsPresentedintheSeniorGradeExam

Theseniorgradeexaminationisdesignedtotestexamineesabilitiestodevelopstandardmicro-

computersystemshardwareandsoftwareinaccordancewithsetspecificationsExamineesare

alsotestedontheirknowledgeandabilitytounderstandandanalyzethevarioustechnologies

relatedtomicrocomputersystemsandtheirdevelopment

Seniorgradearea「sotestedontheirabilitytomakefulluseofgeneral-purpose8-bitmicro-

processors{8085,Z80and6800),aswellastheirunderstandingofthecharacteristicsandcon-

ceptsbehindgeneral-purpose16-bitmicroprocessors,suchasthe8086and68000

●MicrocomputerBasics

Electroniccircuits,multipleinterruptandstackoperations.

●Microprocessors

Detailsofgeneral-purpose8・bitprocessors{Selectionofthe8085Z80and/or6800asneces-

sary.}.

Characteristicsandconceptsofgeneral-purpose16-bitprocessors{Selectionofthe80860r

68000asnecessary).

●Mθmory

Comparisonofdifferenttypesofmemory,drivecircuitstetc.

●1/Od8vices

Detailedquestionsconcerningperipheraldevices{Displays,FDDs)andl/Odevices{sensors.

actuato「S).

●lnterfaceCircuits

Variousinterfacecircuits,representativeinterfacechipsandsystembuses

●1/OControl

Small-andmedium-scalesysteml/Ocontrol{Readingofcircuitdiagramsforsmall-andmedium-

scalesystemscomprisedofanumberofprintedcircuitboards,andabilitytowriteprograms

withsVstemfunctionsinmind.)

●High・levelProgrammingLanguages

ProgramminginCandlorPascal(Selectionoflanguagesasnecessary)andstructuredprogram-

mmg・

●OperetingSystems

Generaldescriptionsofoperatingsystemsandreal-timemonitoringprograms.

●SystemDevelopmentandEvaluation

Systemdevelopmentprocedures,environmentsandtoolsreliability,testing,maintenanceand

SyStemeVa|UatiOn.

●Neworks

Networking,networkcontrolandcomputer-to-computercommunication.

●PackagingTechnology

Fundamentalpackagingtechnologies.

●Others

Powersources,groundsandheatdesigns,

ContentsOfExamination

Generallyspeaking,whentakingex-

aminationsinJapan,weareoftentested

onmattersthatarenotdirectlyrelated

tothesubjectathand.ltissomething

likebeingmadetoperformanumberof

unrelatedtaskswhilestrivingtogetyour

realworkdone-youwindupexpending

alotoftimeandeffortwithoutreally

accomp「ishinganything.

Asfarasthegeneralexaminationsys・

teminJapanisconcerned,thistrend

simplycan'tbehelpedinmanycases.

However,whenitcomestocertifyingthe

actualskillsandknowhowpossessedby

engineers,thispracticeistotallyunac・

ceptable.

Forthisreason,theExaminationfor

Microcomputer・basedSystemsEngineers
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isdesignedfirstandforemostasameans

oftestingthemicrocomputer-related

skillsandknowhowpossessedby.ex・

aminees.Questionsandproblemscom・

mensuratewitheachofthethreeskill

levelstested(basic,seniorandadvanced)

makeupthebruntoftheexamination

contents.lnotherwords,engineers

actuallyworkinginthefieldofmicro-

computersystemsdevelopmentdonot

havetospendalotoftimestudyingfor

thetestinordertopassit.Thisdoesn't

meantheydonothavetostudyforthe

testatall,itsimplymeansthatthetime

requiredinoutsidestudyisconsiderably

lessthanformostotherexaminations

theyhavetaken.

Tomakethispointclearer,let'stake

acloserlookattheobjectivesandscope

ofproblemssetforthinthesenior

gradeexam.Forexample,engineers

sittingfortheseniorgradeexamshould

havebetween3-5yearsofpractical

experienceinthefield,andshould

bewell・versedinmicrocomputersystems

developmenttechniquesiftheywish

topassthetest.Theyaretherefore

testedontheirabilitytodevelopstandard

microcomputersystemshardVvare;on

theirabilitytodevelopthesoftwarere－

quiredbythesehardwaresystems:and

ontheirknowledgeofrelatedtech・

nologiesandtheirabilitiestoanalyzeand

comprehendthese.

Thescopeoftheseniorgradeexamト

nationincludesboth8-and16・bitmicro・

computers.The8085,Z80and6800

8・bitCPU/MPUsformthecoreofthe

apPligations・orientedportionsofthetest,

andthe8086and68000areusedtotest

examineesunderstandingoftheconcepts

andcharacteristicsof16-bitCPU/MPUs.

seniorgradeexamineesmustdemonst・

ratetheirunderstandingofthehardware

andsoftwarethatgoesintomakingup

totalmicrocomputersystems ,notjust

partsofthosesystems.Theymustalso

demonstratetheirabilitiestoanalyze

thesesystems;simplypossessingthe

knowhowaloneisn'tenough.

Specificproblemspresentedinthe

seniorgradeexamcoverthecircuitry

andprogramsusedinsystemsemploying

theCPUIMPUscitedaboveandarede-

signedtoconformtoactualworking

Sltuatlons.

Examplesofactualproblemspresent・

edinthebasicandseniorgradeexams

for1987aregivenbelow.
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1987BasicGradeExaminationl

Problem8.lnmicrocomputersys-

tems,"1"isreflectedinanumberof

differentforms.Selecttheappropriate

numbersortermsfromamongthose

givenatthebotoomofthepageandwrite

theminthesquaresprovidedinthe

followingproblems.Thesameanswers

canbeusedmorethanonce.

[1]OutputtheASCllcode"1"tothe

l/Oportaddress.

8085CPU Z80CPU 6800MPU

MVIA,口H

OUTPORT

LDA.口H

OUT(PORT},A

LDAA#$ロ

STAAPORT

[2]Changebitlto"1"withoutchang-

ingtheotherbitsintheAregister

(accumulator).TheMSBisbit7

andtheLSBisbitO.

8085CPU Z80CPU 6800MPU

OR|口H OR口H ORAA#$ロ

[3】Putthe16-biピ'-1"(complementary

expressionof2}intheregister.

8085CPU Z80CPU 6800MPU

'MV|H
,口H

MVIL,口H

LDH,口H

LDL口H

LDAA#$ロ

LDAB#$ロ

8085CPU Z80CPU 6800MPU

CPI口H CP口H CMPA#$口

JCNEXT JRC.NEXT BCSNEXT

CP|OC8H CPOC8H CMPA#$C8

JNCNEXT JRNC,NEXT BCCNEXT

{Nextcornmand) {Nextcommand} {Nextcommand

[5]Display"1"inthesevensegment

disp巳yaccessedviathel/OPORT

address.ThecontentsofthePORT

addressshouldconformtothefol-

lowingcoordinatelist.

CordinatelistforthePORTaddress

and7segmentdisplay

PORTaddress

a

l日1(M・曇
1;lll;;iLSBl

Thedisplaywillblinkwhenyoumakethe

equivalentbit1.

8085CPU Z80CPU 6800MPU

MVIA、 口H

OUTPORT

LDA,口H

OUT(PORT),A

LDAA#$ロ

STAAPORT

Answers

a.00b.Olc.02d.04e.06f.31

g.63h.64i.OFFj.10

[4】Whenyouwanttoexpressthebinary

numbersintheAregister{accumu・

lator)asdecimals,implementthe

followingcommandswhen"1'tisin

thehundredsplace,andwhenitis

not,jumptotheNEXTIabel.
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1987BasicGradeExaminationll

Problem15.Selectfromamongthe

followingthethree{3}statementswhich

mostaccuratelydescribethemicrocom・

puterbusbuffercontrolshowninthe

diagrambelow.

a.Normally,onlyoneofthebuffergates

connectedtothedatabuscanhandle

outputinahighimpedancestate.

b.lftheCPUonlyisoutputtingtothe

addressbus,itisnotnecessaryfor

buffergate[1]tobeinahighim・

pedancestate.

c.Buffergate[2】mustbeinahigh

impedancestatebetweenCPUlead

cycles.

d.WhentheCPUaccessesRAM.buffer

gates[5】and【6]mustbothbeina

highimpedancestate.

e.ltdoesn'tmatterwhetherbuffergate

[4】isinahighimpedancestateor

notwhentheCPUreadsdatafrom

RAMsincethisgateplaysnopartin

thatoperation.

f.Buffergatesl2],【4】and【5]must

beinhighimpedancestateswhenthe

CPUwritesdataintoRAM.

9・ Sincethedatal/Oterminalsof

ordinaryRAMchipsareinahigh

impedancestatewhenthereishigh

levelCS、thesedatal/0terminalscan

belinkedinparallelwhenmultiple

RAMchipsareused.

CPU

_～b
A

●

A

プ
Address

ROM

C
-

CS1

∠

φ 一
,

璽 Data
,

Address

decoder

=)
● , 「

)

⇔
Thetriangles

diagramsrepresent

three・statebuffers.

－iヅ

RAM1

Data

inthe

C
-

CS2●

「

'

こ)

Data

RAM2

<重 一
人

L

C-

CS3

」
'

'

`. 、F

－遍〉
"

Data

Address .
bus

Databus

MicrocomputerBusConfiguration
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1987SeniorGradeExaminationlTable2,theniscapableofthe

smallestpossiblebranchinstructionpro・

Problem2.Selecttheappropriategramsize{bytesize}.

termfromthelistofpossibleanswersTable1
.BranchDestinationsand

givenatthebottomofthepageandwriteNumberoflnstructions

itintothesquareprovidedinthefollow'

ingparagraphaboutbranchinstructions.

Tablelshowstheresultsofanin-

vestigationintoallthebranchinstruc'

tionsofacertainprogramandthescope

ofbranchdestinationstherein.When

thisprogramistransferredtoaprocessor

withrelativebranchinstructionsetslike

thoseinprocessorsA,BandCshownin

Table2.BranchlnstructionSets

Numberofbitsrequiredto

expressthere拾tiveoffsetto

thebranchdestinations

Number .of
Branch

lnstructions

4bitsorless 160

5bits
.

80

Between6and8bits 40

Between9and10bits 20

Betweenlland16bits 10

ProcessorA ProcessorB ProcessorC

1・bytebranchinstruction

76543210

NoneOP
``1

AD
lI.

OP
.`

AD
`1.,

2-bytebranchinstruction None

OP
`1⑯ ・lI,

OP
I.・ ・1

A
P

AD
`.,`lI`

AD
`1`1ψ,.

3-bytebranchinstruction

OP
`1.`1`1

OP
..`1`lI

OP
```1⑯`」

AD
`¶.lI`1

AD
I`1``II

AD
IIIl「.1

AD
``,.ll`

AD
I`1.ll.

AD
``,II`■

OPstandsforoperationcodeandADexpressesthebranchdestinationoffsetaddress.

Answers a.ProcessorAb.ProcessorBc.ProcessorC

d.ProcessorsAandBe.ProcessorsBandCf. ProcessorsAandC
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1987SeniorGradeExaminationll

Problem13.Figure13.1presen、sa

diagramofthecircuitryofasmall・scale

Z80CPU・basedsystemwithanRS・232C

serialinterfaceandafloppydisk(flexible

disk}interface.Theprogramshown

belowistheoneusedtoinitializethis

system.Studythecircuitdiagramand

programandthenanswerquestionsl

through5.

Formoreinformationontheopera・

tionsoftheperipheralLSIsandlogic

devicesshowninthecircuitdiagram ,

refertothedescriptionsprovidedatthe

endofthetestbooklet.

[Program】

lN「r:

OUT

XOR

OUT

OUT
LD

OUT
LD

OUT

INC
OUT

LD

OUT

LD

OUT
XOR

OUT

LD

OUT
LO

OUT

LD

OUT
LD

{ODH),A

A

{08H},A

{00H,A

A,OF8H

{OOH},A

A,OFFH

{OIH)、A

A

(01H},A

A,58H

{08H),A

A、52H

{10H},A

A

{11H}、A

A,25H

{23H},A

A、10H

{20H),A

A,97H

{23H},A

A、48H

OUT{22H},A

XOR

OUT
OUT

OUT

LD
OUT

LD

OUT
LD

OUT

LD

OUT

El

A

{31H},A

{31H},A

{31H},A

A,40ト{

(31H),A

A.4EH

(31H},A

A,15H

C31H),A

A、OEH

COFH),A

[Question1】Writetheappropriateterm

ornumeralinthesquaresprovidedinthe

followingdescriptionsofthissystem .

[1】lntheDMAcontroller{8237A・5},

channelOcontrolsthetransmission

・fd・tab・tween口 ・ndmen・ ・y.

[2】Theserialtransmissionrateissetat

[=]bitspersecond.
[3]Therearefour(4)factorsinvolved

ininterruptprocessing.Ofthese ,the

[=コha・

priorityfor

inputfromthetimer/coUnter{8253

2)totheinterruptcontroller(8259A).

;lnitialize8237A・5

;MASTERCLε …AR

;SETCOMMANDREG.

:S∈TCHOADDRESS〔F800H}

thehighestdegree

tnterruptionsthat

lSETCHOCOUNTCOOFFH,

;SETCHOMODE

;initialize8259A

lSETICWI{NotICW4,Single,8Byte、Edge}

lSETICW2

;lnitiatize8253・2

:SETCHOCONTROLWORD{BCD,Mode2,MSB)

;SETCHOCOUNT{1000)

;SETCH2CONTROLWORD{BCD,Mode3,LSB}

;SETCH2COUNT{0048)

;lnitiatize8251A

;DUMMY

;IN↑ERNALRESET

;SETMODEINSTRUCTION

:SETCOMMANDINSTRUCT|ON(EnableTx/Rx}

;tnitialize765A

l8237A-5maskremoval
:SETMASKREG.(EnableCHO)

of

are
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ExaminationResults

Asmentionedabove,theExamination

forMicrocomputer・basedSystemsEngi-

neerswasfirstgivenin1985.Atthat

time,onlythebasicgradeexamination

wasgiven.Startingin1987,thethird

yeartheexaminationwasadministered,

seniorgradeexaminationswerealso

offered.Advancedgradeexamswillbe

offeredinthenearfuture.

Thenumberofapplicantsforthe1987

examsexceededIO,OOO,orroughly2.3

timesasmanypeopleashadappliedfor

theinitialexaminationsgivenin1985.

Theresultsofthe1987examinations

areshowninTable3.Asthefigures

indicate,thepassratiosforbothbasic

andseniorgradeexamineeswerelow.

Apparently,thepeoplewhosatforthe

examsfoundthemtobefairlydifficult.

Lookingattheseresults,threemajor

pointscanbediscerned:1}theaverage

ageoftheapPlicantsandpasseesforboth

thebasicandseniorgradeexamswas

ratherhigh(SeeTable4}:2}theratio

ofpasseesengagedinresearchanddeveL

opmentworkwasextremelyhigh(See

Figure2};and3}theratiooffemales

whopassedtheexaminationswasexceed・

inglysmall{SeeFigure3}.

lnrecentyears、moreandmore

womenhaveenteredfieldsrelatedto

informationprocessing{software'related

fields),andareperformingavarietyof

differentjobs.Womenhavebeenes・

peciallyactiveinhighlevelresearchwork

inparticular.

However,asisindicatedbytheresults

ofthe1987exams,thereareveryfew

womenworkinginmicrocomputer・

relatedfieldsinJapan,asituationwhich

isreminescentoftheinformationprocess・

ingfieldagenerationago.

Therefore,itwouldseemthatoneway

ofhelpingtorelievetheshortageof

personnelworkinginmicrocomputer-

relatedfieldswouldbetodeviseplansfor

promotingtheentryofwomenintothese

fields.

Microcomputersystemsengineersare

expectedtoacquireskillsandknowhoW

relatedtoboththehardwareandsoftware

aspectsofmicrocomputersystems,which

meansthattheamountofknowledge

requiredofindividualengineersishuge.

Wemustthereforeintroduceefficient

developmenttoolsandmodularizesys・

temsdevelopmentprocessestointerject

greaterefficiencyandproductivityinto

microcomputersystemsdevelopment.

Table3.Applicants,Testees,PasseesandPassRatiosfor1987Exams

Applicants Testees Passees PassRatio

BasicGrade 7β83 6,041 1,194 19.8

SeniorGrade 2,594 2ρ12 245 12.2
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Table4.Breakdownof1987ApplicantsandPasseesbyAge

BasicGradeExam SeniorGradeExam

Applicants Passees Applicants Passees

AverageAge 25.7 28.5 28.9 30

Youngest 16 17 16 16

Oldest 69 57 62 46

0.3%

＼
0.9%－

Figu了e2.
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Passeesofthe1987Basicand、

SeniorGradeExaminations
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CURRENTNEWS

SYSTEMFORDIAGNOSING

NERVOUSDISORDERSININ・

FANTS

Approximately3%ofallinfantsborn

eachVear,orroughly50,000babies,are

victimsofnervousdisorderssuchas

cerebralpalsyorcongenitalmetabolic

abnormalities.TheAgencyoflndustrial

ScienceandTechnology(AIST}ofthe

MinistryoflnternationalTradeand

lndustry{MITI)hasrecentlydeveloped

acomputer-based"NervousDisorder

DiagnosisandTreatmentSupportSys-

tem"toaidphysiciansindiagnosingand

treatingnervousdisordersinnewlyborn

infants.

Electrodesareattachedtoanewborn

infantsbody,andthediagnosticsupPort

systemcontinuouslymeasuressix(6}of

thebaby'svitalfunctions,toinclude

brainwaveactivityandeyemovement

duringsleep,overa10-hourperiod.

Thisdataisprocessedbythecomputer

andoutputintheformofgraphsand

tablesforusebythephysicianinhis

diagnosisofthechild.

Thetreatmentsupportsystemisused

todeterminetheoptimumamountof

medicinetobeadministeredtoababy

diagnosedashavinganervousdisorder.

JapanComputerQuarterly 54

Thisisdonebyadministeringmedicine

totheinfantandthenhavingthesystem

analyzetheverysmallquantitiesofthat

medicineinthechild'sbloodinrelation

tothethicknessoftheblood.

Thissystemistobecommercialized

durihg1988andisexpectedtosellfor

around50millionyen.

NTTJOINSNINEOTHERFIRMS

TOESTABLISHNEWISDN・

ORIENTEDCOMPANY

NipponTelegraphandTelephone

Corporation{NTT),ToVotaMotorCor-

poration,thedatacommunicationsfirm

LogicSystemslnternational(LSI}and

six{6}otherfirmsjoinedtogetherto

establishinMarch1988anewcompany

calledlnfonex,whichwillspecializein

theconstructionofISDN-orienteddata

communicationssystems.Thenewfirm

iscapitalizedat700millionyen,ofwhich

LSIinvested21.4%,NTTputin17.1%,

Toyotacontributed15.7%andUshio

ElectricCorporationandNihonShimpan

invested14.3%each.

Thefactthattwomajorcorporations

suchasNTTandToyotahavejoined

forcestosetupthisnewcompanywill

probablycausequitearipPlethrough一



outthebusinessworld,bothinsideand

outsideofJapan.

NECDEVELOPSTHEWORLD'S

FASTEST16-BITMPU

NipPonElectricCorporation{NEC)

hasdevelopedtheworld'sfastest16-bit

microprocessorunit(MPU}.Thisdevice

isanupgradedversionofthecompanゾs

V30MPU,whichiscurrentlyonthe

market.ThenewMPUiscapableof

processingdataat16megahertz,or

roughlytwiceasfastasanyMPUdevel・

opedtodate.1tcanalsorunprograms

inexcessof640・kilobytes、thelargest

programscapableofbeinghandledby

16・bitMPUsupuntilnow,thusputting

itonaparwith32-bitMPUs.However,

since16'bitperipheralcircuitscanbe

usedwiththisnewMPU,thecostofthe

overallsystemcanbekeptquitelow,

makingita'"super"16・bitdevice.

NECisgoingalloutinitseffortsto

developbiggerandbetterMPUs,and

planstodevelopduring1988thetoP-

of'the・linemodelofa32・bitMPUithas

alreadycommercialized.

FUJIXEROXHASNEWONLINE

DIAGNOSTICSYSTEMFORITS

NATIONWIDEAIWORKSTA・

TIONNETWORK

FujiXeroxCorporationhasdeveloped

anoniinediagnosticsystemforwork・

stationsthatuseartificialintelligence

{Al}.Thecompanyhas1,500Alwork-

stationsinstalledatitsvariousoffices

throughoutJapan,allofwhicharelinked
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togetherviaitsownlocalareanetwork

{LAN):Whenabreakdownormalfunc-

tionoccursatoneoftheseworkstation

sites,theoperatorisqueriedastothe

natureofthebreakdownandthentold

howtotakecareoftheproblemvia

electronicmail.These"prescriptions"

comefromaknowledgebasecomprised

of500dataitems,whichisenoughto

allowtheordinaryuserto"heal"his

workstationonhisownabout45%of

thetime.ThisAIdiagnosticsVstemruns

onFPujiXerox'sJ-Starmodelofwork-・

statlon.

DAI・ICHlKANGYOLINKSUP

ONLINEWITHCITIBANK
レ

lnJanuaryofthisyear,CitiBank,

America'slargestbankinginstitution,

linked'itscashdispensors{CDs}and

automatictellermachines{ATMs}in-

stalledinJapanonlinewiththoseof

Japan'sDai-lchiKangyoBank.Now

accountholdersfrombothbankscan

withdrawcashand/orchecktheir

balancesusingthemachinesof・either

bank.・ThisisthefirsttimeaJapanese

bankandaforeignbankhavelinkedup

onlinelikethisinJapan.Daトlchi

KangyoandCitiBankreachedafunda'

mentalagreementforthelinkupin

May1987.

TOYOTAUSINGLEASEDLINES

TO'COMMUNICATEWITHU.S.

SUBStDIARIES

ToyotaMotorCorporationrecently

announcedthatitisusingdigitalleased
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linesastheprimarycommunicationlink

betweentheheadquartersanditssub・

sidiariesintheU.S.andmanufacturing

plantinKentucky.Thisisthefirststep

towardachievingaglobalnetworkem・

ployingcommunicationssatellites.This

isthefirsttimeaJapanesefirmhas

madeuseofalarge-capacity256K・bit

digitalleasedline.Forthetimebeing,

thiscommunicationlinkisbeingused

forinternationaltelephonecallsandfac・

similetransmissions,butinfutureToyota

planstoadddataandimagecommunica-

tionscapabilitiestoitsmenu,andtoex-

pandthenetworktoincludeitssub・

sidiariesinCanadaaswel|.Theultimate

goalistousethisinternationalnetwork

toenablethecompanytomanageall

internationalproduction,distribution,

salesandinventoryinformationfrom

itsheadquartershereinJapan.

NEC・HONEYWELL・BULLBUlLD

lNTERNATIONALFINANCIAL

NETWORK

NipPonElectricCorporation(NEC}
.

America'sHoneywellCorporationand

France'sBullCorporationhaveagreedto

develop,marketandserviceaninter-

nationalfinancialnetwork.Theyare

goingtoestablishasystemthatenables

themtoutilizetheirrespectivemakes

ofcomputersasiftheywereallcompati・

ble.Upuntilnow,lnternationalBusi・

nessMachinesC.orporation{IBM}has

hadanoverwhelminglylargeshareofthe

financialnetworkmarket,butwiththis

agreement,NECanditspartnersw川 「be

challengingtheBigBlueonitsownturf.

NECetalarescheduledtocosponsor

aseminardesignedtoexplainthispro'

posednetwork・systemtoagatheringof

representativesofsome3000fthe

world'sleadingfinancialhousesand

securitiesfirmsinLisbon
,Portugalin

Juneofthisyear.Throughthistie・up
,

NECwillbeabletoprovideitsJapanese

userswithaccesstoaninternational

financialsystemwithouttheneedfor

overseasbasesofitsown .

DAIEITOENTERINTOCREDIT

CARDTIE・UPSWITHBOTHVISA

ANDMASTERCARD

TheDaieiandSeibuSaisongroups

intendtointernationalizetheircredit

cardoperationsbyenteringintotie・ups

withVisalnternationalandMasterCard

lnternational,tvvoU.S.・basedcreditcard

firmsthatarevieingwithoneanotherfor

toppositionintheglobalcreditcard

industry.Thiswillbethefirsttimethat

VisaandMasterCard,bothofwhichrely

onfinancialinstitutionsforthebrunt

oftheirmembers,havelinkedupdirectly

withnon・bankingcapitalrepresentedby

majordistributionfirms.lfthecredit

cardscurrentlybeingissuedbybothof・

thesegroupsattaininternationalstatus
,

itcouldleadtoconsiderablechangesin

thedomesticcardmarketpresentlylead

bythecreditunionsandbankinghouses.
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