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772θ 」】Zραηθ8θeconom夕 」ぷcaughtin'hes〃 θα〃20∫ 加'emationalchange

and捌cθr'励'夕,pa〃ieula功 ・asthesearerepresen'edbytheproble〃!ぷofenergy

andraw%'erialS.A'thesa〃 昭ti〃!e,thenationisゴ η 仇 θ ρ'oceSSO〃b禰 η9α η

仇for〃lation-0η'ented∫OCゴ ⑳wherein9γ θατ ゴ〃zportance匡 ぷco禰 η9'obeattached

totheappropri'ateprOC.∬ 匡η9α 〃∂ 妬1加tionof'information.ら
η 昭 、computerhaぷbeCO〃ieanindispensabletoolinouruseofinプ'ormation.

ぷ'〃,overthenexttenアears,wearecertaゴntofindtheneedfoアevenmorehighly

・・ρhisticatedt・ 吻 ・1・9吻 ・・erc・mingthe〃zan〃 ・・blemSW・wi〃 ・・met・fa・ θ,

andtherealizationoアCO〃iputersystemsbasedonnewtheoreticalfoundatゴonsand

technologywillbemuchdesired.

ItWCLSノ ～)r'hesereaぷonsthatthisA∬ociationestablisheda(bm励tee/br

5'udya〃dResearchOηFifth-Gθ ηθγαが0η α)mputers'(ch励nan,Tohru〃0'0-0肋 ノ

wh)'ch,begz'朋 加g仇1979,setou'oη αtwo－ アearinvestigationintothemostdesかable

'γρθぷo∫co〃zputerぷ γぷ'θ〃ls∫ ～)rapplicationinthe19903(fiア ≧乃「generatゴoηcompu-

ters/andhOW'hedevelop〃zentproゾectsaimedattherealizationo〃hesesアstems

shouldbecarri◆edforward.

beぷentedhereisanprelimi〃aryreportonthefindingsof'heC()mmittee .

Wesincerelyhope伽'itscontentSWゴ11beofiiterest'Otheγ αη'ouscircleぷcon-

cemed.
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1.SUMMARY

1・1Backgroundandsignificance

(1)Socialrequirementsexpectedofcom-

putersinthe1990's
Inthe1990'swhenitisexpectedthatfifth

generationcomputerssystemswillbeinwide
use,infommationprocessingsystemswillbe

centraltoolsinallareasofsocialactivityto

includeeconomics,industry,artandscience,
administration,internationalrelations,educa-
tion,cultureanddailylifeandsoforth.Such
informationprocessingsystemswillbe

requiredtomeetthosenewneedsgenerated

byenVironmentalchangesandwillnotonly

beexpectedtoplayactiverolesintheresolv-

ingofanticipatedsocialbottlenecksbutalso

toadvancesocietyalongamoredesirable

paththroughtheeffectiveutilizationoftheir
advancedcapabilities.

Informationprocessingsystemsinthe

l990'swillbeexpecte(ltoplaythefollowing

roles:

1)Toincreaseproductivityinlow-produc-

tiVityareaS.

Althoughproductqualityandproductivity

inthesecondaryindustrieshavebeengreatly

improvedthroughtheadoptionofcomputer

controlledmanufacturingprocessesand

assemblylines,productivityintheprimary

industriessuchasagricultureandfishingand

alsointhetertiaryindustriessuchasgoods

distributionandpublicservices,hasremained

littlechanged.Thisfacthasbeenthecauseof

serioussocialimbalances.Costreductionsvia

lncreasedefficiencyasrepresentedbyindust-

rializationandofficeautomationcanbe

expectedinthesefieldsaswel1,asaresultof

theeffectiveemploymentofadvapced

computersystems.

2)Tomeetinternationalcompetitionand

contributetowardintemationalcooperation .

Sufferingfromashortageoflandand .

naturalresources,itisimpossibleforJapanto

befullyself-sufficientinfood,andherability

tosupplyherownenergyandoilneedsisthe

lowestamongthedevelopedcountries.On

theotherhand,wedohaveonepreciousasset,

thatis,ahighlyeducated,diligentandtoP

qualitylaborforce,ourhumanresources.It

isdesirabletoutilizethisadvantagetoculti-

vateinformationitselfasanewresource

comparabletofoodandenergy,andinfbrma-

tion-relatedknowledge－ ㎞tensiveindu-

striesshouldstronglybepromotedtomake

possibletheprocessingandmanagementof

infbmlationatwill.-

Suchaneffectwouldnotonlyservetohelp

ourcountrymeetintemationalcompetition,

butwouldalsoenableustomakeinter-

nationalcontributionsthroughknowledge-

intensivetechnology.

3)Toassistinsavingenergyandresources.

Oneofthemostimportanttasksfacing

mankindinthiscenturyishowtouseour

worldsf㎞iteresourceseffectively.Paralleling

therealizationofminimizationandoptimiZa-

tionofenergyconsumption,improvementof

energyconversioneffficiencyandsimulators

f()ruseindevelopingnewsourcesofenergy

throughtheuseofcomputertechnology,even

theindustrialsystemitselfcouldbeexpected

tochangeintoaknowledge-intensivetype

informationindustrywhichwouldbetypical-

1ynon-energyconsumh19.

4)Tocopewithanagedsociety.

Oursocietyisagingatanunprecedented

rate.Rapidincreasesinmedicalexpensesand

welfarecoststogetherwiththerelative

reductioninthelaborforceresultingfrom

thisagedsocietycouldleadtobigsocial

problems.Accordingly,utilizationoffifth

generationcomputerstopreventtheoccur-
renceofortocopewithsuchproblemsby

wayofdevelopingstreamlinedmedicaland

relatedinformationsystems,healthmanage-

mentsystemsandlifetimeeducationsystems
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f()rtheagedetc.willbenecessary.

(2)Tec㎞010gicalbackground

Computertechnologyhas,fromitsbirth

on,consistentlyandemphaticallybeenaimed

athigh-speedoperationandlargecapacity ,

andhasbeendevelopedmainlyforprocessing

numericalcalculations.Asaresult,com.

putershavehadsignificantlylimitedfunctions

intermsofinputandoutputprocessingthat

restrictedtheirapPhcations,andthishas

causedconsiderableinconvenience.Asappli-

cationsfbrcomputershavebecomewide-

spread,fromtheinitialscientificandtechni-

calcomputationstothemorerecentbusiness

dataprocessing,therehasarisenastrongneed

forfreerinput/outputcapabilitiessuchasby

speechorvoice,㎞ages,graphicsandthelike,

a皿ofwhicharenaturalformsofinformation

transmissionforman.

Thehighcostofhardwareuptonowhas

notonlyminimizedthenumberoffunctions

capableofbeingcarriedoutbyit,buthasalso

gradua皿yincreaseddependenceuponsoft-

ware,theprohferationofwhichhasledtoa

situationcalledthe``softwarecrisis".This

problemhashadanundesirablesideeffectin

thatcomputerarchitecturehasbecomestiff

andinflexibleduetothecontinuedreHance

onexistingsoftwareandisbehevedtobe

unabletomeetnewapPhcationsaslongas

itcontinuestorelyonexistingtechnologies.

Fromthestandpointofseedsfbrthe

developmentofnewtechnology,atechno1-

ogicalbasispermitingnewarchitecturesand

newfUnctionssuchasimprovedcomputer

inte伍gencehasmatured.ThisincludesVLSI

technologywhichhasrapidlyadvancedinthe

pastfewyears,therealizationoflarger

capacitymemories,increasedpossib皿ityfbr

developinghigh-speedelements,1promotionof

researchintoartificialinte伍genceandpattem

recognitiontechnologyandthetechnological

fusionofcommunicationandinformation

processingamongothers.

Judgingfromtherelationshipbetween

needsandseeds,itisquitenaturaltohope

thatinformationprocessingsystemsbasedon

newconceptionsandarchitectureswhich

wouldprovetobeaquantumleapinthe

computerteclmologyofthepastthirtyyears

willapPearinabouttenyears.

(3)Significanceofthepr()ject
Japanhascometobeconsideredan"eco-

nomicpower"bytheothercountriesofthe

world.Thus,ifweconsiderthedirectionin

whichourindustriesshouldproceed,itbe-

comesclearthatwenolongerneedchase

themoredevelopedcountries,butinstead

shouldbegiltosetgoalsofleadershipand

creativityinresearchanddevelopmentandto

pioneerthepromotionofsuchaprqiect
throughouttheworld.

Thesignificanceandeffectoftheresearch

anddevelopmentpr()jectforfifthgeneration

computersissummarizedasfollows:

1)Bypromotingthispr()ject,Japanis

playilgaleadingroleworldwideinthefield
ofcomputerteclmologydevelopment.This

effort-willnotonlyhelpourcomputerindu-

stryfostermorecreativeteclmology,butwill

alsoprovideourcountrywithameansof

bargainingpower.Wecanalsofulfillourduty

asaneconomicpowerexpectedtoassume

internationalresponsibilitybyinvestinginthe

developmentofthisleadingfield.

2)Inadditiontomakingoursocietya

better,richeronebythe1990's,thisproject

willalsoproveinfluentialinotherareas.

Thefifthgenerationcomputerisexpected

tobebeneficial㎞thesolutionofsocial

bottleneckssuchastheenergyproblemand

problemsrelatedtoanagingsocietyetc.Itis

alsoexpectedtoserveasaprimemoverinthe

fieldofindustrybyhelpingthoseindustires

experiencingdifficultytoimprovetheir

efficiencyandthustheirproductivity.Fur-

ther,societyasawholewillbecomemore

affluentascomputersareappliedtoincreas－
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ilglynewfieldsandareas.

3)Developmentsinheretoforeunexplored

fieldswillactivelycontributetotheprogress

ofallhumanity.

Throughthepromotionofresearchinto

artificialinte1Hgence,abetterunderstanding

shouldbegainedofthemechanismsofUfe

whichfutureresearchanddevelopmentwill

thenconcentrateon.Thereahzationofauto-

matictranslationintomultiplelanguageswill

helppromotemutualunderstandingbetween

andamongpeoplesofdifferenttonguesand

thusaidinreducingtroubleduetomis-

understandingsandignorance.

Withtheconstmctionofaknowledgebase

madepossible,theknowledgewhichmanhas

accumulatedovertheagescanbestoredand

effectivelyut血zed,andnewkmdsof口1sights

andperceptionscanbemoreeasilyobtained

bymanwiththeaidofcomputers.

4)Exper口nentsforadvancedresearchand

developmentorganizations.

Itisofgreatimportancetoconduct

nationaltestsofresearchanddevelopment

organizationswhichhavebeenmexistence

foralongperiodoftime.Themajorityof

nationalprojectsfromnowonwillbere-

qu並edtobecarriedoutbyorganセationsfor

advancedresearchanddevelopmentsuchas

these.Thustestsoftheseorgan立ationsat

thenationallevelcouldbeconsideredakind

ofexperimentalprojectfbrfUtureprojgcts.

Promotionofthiskindoftestingprojectwill

createanenvironmentwhichwillproduce

origmalresearchbasedaroundit.

1.2Functionalrequirements

Fifthgenerationcomputersystemsw草1be

requiredtohaveanextremelywidevarietyof

sophisticatedfunctionstosolvethenumerous

problemswhichtodayscomputershaveand

tomeetthesocialneedsofthel990'sduring

whichdecadecomputerizationisexpectedto

findmanymoreapplicationsthannowadays.

Asawhole,functionsrequiredoffifth

generationcomputer

follows:

systemswillbeas

(1)Increasedintelligenceandeaseofuseso

thattheywillbebetterabletoassist

man.

1)Functionswhichenableinputtingand

outputtingofinfomationviaspeechorvoice,

graphics,imagesanddocuments.

Enhancementofinput/outputfUnctions

whichserveastheinterfacebetweenmanand

computerisofprime㎞portanceinmaki19

computerseasiertouse.

Inparticular,sincecurrentcomputersare

quitehmitedintheirinput/outputfunctions,

theabilitytoinputandoutputinfbrmationin

awidevarietyofformssuchasspeechor

voice,graphics,㎞ages,documentsandthe

likeman'sdailymeansoftransmittinginfor-

mationwillbeofutmostnecessity.

2)Theabilitytoprocessinformation

conversationaUyusingeverydaylangauge.

Ascomputerspenetratefurtherandfurther

intoeveryfieldofoursociety,therewillbe

moreoPPortunitiesfbrlaymentooperate

themandthusgaindirectaccesstoneeded

information.Therefore,theabilitytocom-

municateconversationallywithacomputer

usingeverydaylanguagewillprovemost

beneficial.

3)TheabMtytoputstoredknowledgeto

practicaluse.
Theabilitytohandleinformationinspeech,

graphornaturallanguagefbrmdoesnotend
withtheinputfunction,butrathersucha

computercanonlyfulfillitspurposeif

backedupwiththeknowledgetocompre-

hendedthatinputinformation.

Inordertobeabletoutilizecomputers

moreeffectivelyastoolsforsolvingvarious

problems,theywillhavetobeequippedwith
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specializedknowledgei .e.knowledgebases,

relatedtothefieldsinwhichtheyareem-

ploygd.Thenbyputtingtheseknowledge

basestopracticalusecomputerswillbebetter

abletolessentheburdenontheirhuman

operatorsaswe皿asservearoleasconsultant

systemsforallmankind .

4)Thefunctionsofleaming
,associating

andinfering.

Sothatcomputershaveknowledgeandcan

sufficientlyuseitforadesiredpulpose
,they

shouldbegiven口10neformoranotherabdi_

tiesofleaming,associatingandinferingjust

likeours.Withsuchab血ties
,computers

wouldbeabletoclarifyevenvaguerequests

givenbymanandusingtheirvastabilityto

storeinfomationachievenewjudgement

facilitiesoftheirownwhichwillhelpexpand

thecapab伍tiesofwehumansaswel1 .

(2)Lesseningtheburdenofsoftwaregenera-
tion.

1)Automatedprocessingbasedonthein-

putdescriptionofrequirementspecifications.

Thecostofthe.developmentofsoftwareis

nowgreaterthanthatofhardware ,andthere

willbeincreasingneedsfbrsoftware口1the

fUture・Insuchasituation,itisnecessaryto

raisetheproportionofautomatedprogram-

minginsoftwaredevelopment.

Forexample,anidealprocessisonewhere

acomputerprocessingProcedureissynthe-

sizeddirectlyfromrequirementspecifications

describedinanaturallanguage
,generatedand

perfo㎝ed.

2)Realizationofalanguagecapableof

programverificationandasuitablearchitec-
ture.

Aprogramminglanguageisadirectinter-

facebetweenmanandmachineinthe

developmentofaprogram.Theeasewith

whichtheprogramminglanguagecanbeused

andlanguagespecificationsfunctionsgreatly

－8－

influencethedegreeofdifficultyofsoftware

development.Moreover,itisdesiredthatin

futureultrahigh■1evellanguageswithahigh

degreeofverifiabilitytoenhancereliabilityof

softwareapPear,andamachineberealized

whichhasarchitecturessuitableforprocessing

suchlanguages.

3)Improvementofenvironmentsfor

programmingandrealizationofintelligent

interfaces.

ToimproveprogrammingProductivity,not

onlylanguagewouldbe㎞proved
,bUtalso

programmmgenvlronmentsshouldgreatlybe

㎞provedtoprovideintelligentinterfaces

betweenusersandsystems.Suchrequire-

mentsarecommonineveryfbrmofcomputer

accesssuchasdatabaseaccessforretrievi19

desiredinfomユationoutofagreatamountof

information,oraknowledgebaseaccessfor

gammganewperceptiontocopewithan

unknownproblem.

4)Utilizationofexistilgsoftwareassets.

Ascomputerfunctionsandperformance

areimproved,newapPlicationswil1 .increase

tothepointwhereconventionalComputers

willnotbeabletodealwiththem.However,

itwillbedesirabletoutilizesoftwaredeve-

lopedtodateasmuchaspossible.Tothis

end,systemswillbepreferredwhichare

flexibleenoughtorunsoftwarebasedon

conventionalarchitectures.

(3)Improvedoverallfunctionsandperfbm1-

ancetomeetsocialneeds.

1)Improvedcost/performance.

Itisacommonprincipletoallindustrial

products・thattechnologicalprogressimprove

thecost/performanceofproducts.Inthe

1990's,thecost/performanceofhardwareand

softwarecombinedshouldbeimproved

significantly.

2)Light,compactcomputers.

●

、

●
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Computersareexpectedtobelighterand

smallerasthetechnologyofintegrationof

devicesprogresses.Thel990'sshouldfmd

portable,high-functioncomputers,multi-

lingualtranslatingmachines,andindustrial

products'equippedwithhigh-performance

computers.

3)Highspeed,large-capacitycomputersto

meetnewapPlications.

Itcanbesaidthatdemandsonspeedof

processingandmemorycapacityasbasic

computerabilitiesareandwiUbelimitless.

Manyproblemsthatareconsideredunproces-

sablebyconventionalmachneswillappearas

newapPlicationsasprocessingspeedand

memorycapacityincrease.Realizationofthe

intelligentsystem,describedabove,isde-

pendentongreatimprovementsinthesebasic

perfo㎜ances.Withtheseimprovements,

unknownsituationscanbes㎞ulatedwith

highprecisiontoassistinwideningourability

tosolveproblems.

dangerofanmawaycomputerbymeansof

malfunctionpreventiondevicesandtheafbre-

mentionedimprovedmachineinte伍gence.

6)Sophisticatedfunctionfortheprotec-

tionofsecrets.

Socialcomputersystemswillbelargely

expectedtoserveassocialutilitiesandthus

willhavetobeequippedwithsophisticated

functionsfortheprotectionofsecrets.These

systemswillalsoberequiredtohavebuilt-in

mechanismsforpreventingcomputercrimes

andunauthorizeduseofcomputers.

1.30bjectiveandimage

TheFifthGenerationComputerSystems

willbeknowledgeinfbrmationprocessing

systemsbasedoninnovativetheoriesand

tec㎞010giesthatcanoffertheadvancedfunc-

tionsexpectedtoberequiredinthe1990's,

overcomingthetechnica1㎞itationsinherent

inconventionalcOmputers.

●

6

4)Increaseddiversificationandadapt-

ability.

Uptonowgeneral-purposecomputerswith

fixedhardwarehavebeeninthemaillstream つ
butcomputersystemsinthe1990'swillbe

requ丘edtohavemuchwiderdiversification

andpurpose-orientedadaptabUityandflexi-

b血ty.Hardwareandsoftwarebothshould

havethe廿basiccompOnentsmodularizedfor

freesystemadaptabilityandrearrangeability

tosuitvariouspurposes.

5)Highlyrehablefunctions.

Ascomputersfindtheirwayintomoreand

morefieldareaofoursociety,theyarelikely

tocausemuchmoredamagewhentheyget

malfunction.Therefbre,constructinghighly-

reliablesystemsisanabsoluterequisitefor

futuresociety.Computersystemsshouldnot

onlybeequippedwithfunctionstoautomati-

callydetectandrepairtheirownmalfunctions,

butshouldalsobecapableofpreventingthe

1.3.1Basicconcept

TheFifthGenerationComputerSystems

willbeknowledgeinformationprocessing

systemshavingproblemsolvingfunctionsof

averyhighleve1.Inthesesystems,intelli-

gencewillbegreatly㎞porvedto.approach

thatofahumanbeing,and,whencompared

withconventionalsystems,man-machine

interfacewillbecomeclosertothehuman

system.Figure1-1showsaconceptual

diagramoftheFifthGenerationComputer

Systems.Asshowninthefigure,apowerfu1

problemsolvingmechanismbasedonproblem

understandingandinferencefunctions,know-

1edgebases,etc.arefbundbetweenthe

humansystemandtheconventiollalmachine

functions.Inadditiontothatmodelswinbe

realizedp血cipallythroughsoftware,andthe

machjneprincipallythroughhardware,and

theFifthGenerationComputerSystemswill

perfommthefollowingfunctionsasintegrated

capacities:

一9一
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3

Understandingofproblemdescription

andreqUirementspecifications

SynthesizingProcessingProcedures

Optimizationbetweenmac㎞esystem

andprocessingprocedures

4)Synthesiz註1gresponsebasedonoutputs

5)

frommachnesystem

Inte皿igentinterfacefUnctionscapable

ofunderstandingspeech,㎞ageand

naturallanguage,etc.

Theknowledgebasesthatsupportthe

abovefunctionswi皿containknowledgeofthe

followingtypes:

1)Knowledgeofthelanguagestobeused

fbrmanmachinecommunicationメ

2)Knowledgeontheproblemareastobe

solved

3)Knowledgeonthe .machinesystems

1.3.2Constituentelementsofsoftwaresystem

Figure1-2showsthesystemconfiguration
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Theseconstituentelementsperformthe

fo皿owingfunctions:

(1)Basicsoftwaresystem

Thebasicsoftwaresystemformsthecore

ofthesoftwaresystem,andconsistsofthe

threeミubsystemsofProblem-solvingand

inference,Knowledgebasemanagementand

InteUigenti㎞terfacewhicharethebasicfunc-

tionsoftheFifthGenerationComputer

Systems.

(2)Inte皿igentsystematizationsupPortsys-

tem

Thesystemprovidesthehumandesigner

inteUigentfuhctionstostronglysuPPo「t

systematizationworkbasedontheknowledge

basecontentsanditconsistsofthreesub-

systemsofIntelhgentprogramming,Know1-

edgebasedesigningandInteUigentVLSI

designing.

(3)Inte皿gentutilitysystem

Thissystemhassuchfunctionsastoenable

theusereasyuseoftheentirecomputer

systemandmakethesystemhighlyrehable.

Theseincludeprogramstosupportthe

portabilityofsoftwareanddatabasefrom

othermachines,userguidancefunctions,and

automaticinspectionandrepairfunctionsfor

thepreventionanddetectionoffa皿ures .

(4)Basicknowledgeb .ase
Thebasicknowledgebasesupportsthe

operationofthesystemitselfinadditionto

containingtheaccumulatedvalidanduniver-

salknowledgenecessarytotheuser.Genera1-

1y,therearethreetypes;thegeneralknow1-

edgebasethatmainlyrelatestotheunder-

standingofnaturallanguages,thesystem

knowledgebaserelatedtothesystemi1self

andtheappliedknowledgebasecontainillg
specializedknowledgeforvariousapplications.

systemscanbecited:

.Machinetranslationsystem

.Question-answe血gsystem

.Appliedspeechunderstandingsystem

.Appliedpictureandimageunderstanding

system

.Appliedproblemsolvingsystem

(6)ApPlicationsystems
ThefoUowingsystemscanbethoughtofas

examplesofknowledgeinformationproces-

singapPlicationsystems:

.IntelligentCAE/CADsystem(Note1)

.IntelligentCAIsystem

.InteUigentOAsystem

.InteUigentRobot

1.3.3Configuration㎞ageofthehardware

system・

TheFifthGenerationComputerSystems

shouldconsistofaUlevels,fromsmalltolarge

scalemachines,inordertoprocessdiversified

applications.Themac㎞esofallperform-

ancelevelsmusthavecommonlanguagesas

weUasthefollowingthreebasicfunctions.

Theremarksinparellthesesindicatethe

correspondencewithconventionalcomputer

systems.

1)Problemsolvingandinferencemachine

(Centralprocessingunit)

2)Knowledgebasemachine(Mainme-

morywithvirtualmemoryfacditiesand

filesystem)

'3)I
nteUigentinterfacemachille(Input/

outputchannelsandInput/output

devices)

Therewillbemachinesofseveralperfo㎜ －

ancelevelsineachofthesesmalltolarge

computersystems,topermitsystemcon-

figurationswhichemphasizeanyoftheseveral

(5)BasicapPhcationsystem

Thefo皿owingtypesofbasicapplication
、

(Note1)
CAE:

CAD:

CAI:

OA:

ComputerAidedEngineering

ComputerAidedDesign

ComputerASsistedInstruction

OfficeAutomation

－ll一



fUnctionsbyapPHcationorpurposeof

use.

Figure1-3showsaconfigurationimageof

theFifthGenerationComputerSystems.The

machhlesaretobestructuredaccordingto

functiononva亘ousnewarchitectures,口1clud-

ingadataflowmachine,whicharebasedon

VLSIarchitectureandeachsystemistobea

combinationofmachinessuitableforvarious

individualapphcationsorneeds.

Furthe㎜ore,加mamacroconfiguration

pointofview,havingthesystemshowninthe

figurebelowasoneofthep血cipalelements,

amultiplesystemformofusagewherethiS

wouldbeconnectedtoalocalorglobalnet-

workandthewholenetworkthenbeutiized

asalarge-scaledistributedprocessingsystem,

isalso`beingenvisioned.

1.4Themesinresearchanddevelopment

Themesinresearchanddevelopmentofthe

fifthgenerationcomputersystemsareshown

▲㎞Table1-1,whichconta廿1sevengroupsand

twentysixthemes.TheresearchanddeveloP-

mentareclassifiedintofourdivisionsas

showninFigure1-4.Theprogramwillbe

affectedatearly,intermediateandfinalstages

duringwhichtimesachievementswillbe

continuouslyre-evaluatedwithnewtrendsin

technOlogyinview.Itisplannedtocomplete

proto-typesofthefifthgenerationcomputer

systeminthetargetyearof1990.

Forthesmoothaccomplis㎞entofthis

researchanddevelopmentprogram,itis

indispensablealsotodevelopandcomplete

assoonaspossiblepowerfulsupPortsystems

suchassoftware-developingtools,high-

functionpersonalcompute1s,VLSI-CAD,

computernetworksystems,andthelil(e.

●

,

●

■
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Table1-1Themesinresearchanddevelopmentofthefifthgenerationcomputersystem

BasicapPHcationsystems 1-1)Machinetranslationsystem

1-2)Questionanswe「ingsystem

1-3)Appliedspeechunderstandingsystem

1-4)Appliedpictureandimageunderstandingsystem

1-5)Appliedproblemsolvingsystem

Basicsoftwaresystems 2-1)Knowledgebasemallagementsystem

2-2)Problemsolvingandinfbrencesystem

2-3)Intelligentinterfacesystem

Newadvancedarchitecture 3-1)Logicprogrammingmac㎞e

3-2)Functionalmac㎞e

3-3)Relationalalgebramachine

3-4)Abstractdatatypesupportmachine

3-5)Dataflowmac㎞e

3-6)InnovativevonNeumannmachme

Distlibutedfunctionarchitecture 4-1)DisthbutedfUnctionarchitecture

4-2)Networkarchitecture

4-3)Databasemachine

4-4)High-speednumericalcomputationmachine

4-5)HighＬevelman-machinecommunicationsystem

VLSItechnology 5-1)VLSIarchitecture

5-2)InteUigentVLSICADsystem

Systematizationtechnology 6-1)Intelhgentprogrammingsystem

6-2)Knowledgebasedesignsystem

6-3)Systematizationtechnologyforcomputerarchi-

tecture

6-4)Databaseanddistributeddatabasesystem

DevelopmentsupPorting

technology

7-1)Developmentsupportsystem

－15一



2. BACKGROUNDANDSIGNIFICANCE

OFTHEDEVELOPMENTPROGRAM

FORFIFTHGENERATIONCOMPUT-

ERS

2.1Socialrequirementsofcomputersinthe

1990's

Oursocietyisabouttoenteratransition

periodinvariousmeaningsoftheterm.Itis

anageofchangesinintemalandextemal

environmentalconditionssuchastheenergy

situation,andtogetherwithbuildingaweal-

thy,hberalsociety,andovercomingtheconst-

rainsofresourcesandenergy,wemustatthe

samet㎞emakeinternationalcontributions

asaneconomlcpower.

Inmakillgour・waythroughthisnewage ,

informationiZationandtheinformationindu-

strywhichcentersaroundcomputersare

expectedtoplayabigrole.In1990'swhen

fifthgenerationcomputerswilbewidely

used,infomationprocessingsystemswillbe

acentraltoolina皿areasofsocialactivityto

includeeconomics,industry,scienceandart
,

administration,interantionalrelations,educa-

tion,culture,dailylifeandthehke ,andwill

berquiredtomeetthosenewneedsgenerated

byenvironmentalchanges.Information

processingsystemswillbeexpectedtoplay

anactiveroleintheresolvhlgofanticipated

socialbottlenecksandtheadvancingof

societyalongamoredesirablepaththrough

theeffectiveutilizationoftheircapab皿ities.

Ifwetrytofo㎜an㎞ageofhowsociety

oughttobeinthe1990's,infbrmationproces-

singsystemswillbeexpectedtoplaythe

fo皿owingrolestoachievesuchasociety:

(1)Tomcreaseproductivity血10w-produc-

tiVityareas

Althoughproductqualityandproductivity

inthesecondarymdustrieshavebeen㎞proved

throughtheadoptionofcomputercontroUed

manufacturingprocessesandassemblyhnes,

andafurtherimprovementofproductivityill

thesecondaryindustriescanbeexpectedwith

theuseofindustrialrobots,productivityin

theprimaryindustriessuchasagricultureand

fishngandthetertiaryindustriessuchas

goodsdistributionandpublicserviceshave
remainedalmostthesame.Examplesoflow-

productivityareasaredocumentsprocessing,
officemanagement,anddecisionmakingin

management,andtheultimatepurposeof

officeautomationcanbesaidtobeincreasing

productivityinsuchareas.
Futureimagesofofficeautomationare:

1)Japanizedofficeautomationcapableof

processingtheJapaneselanguagesina
naturalway;

2)Irregularornon-fixedjobprocessing

systemscapableoffreelyhandlingnon-

numericaldatasuchasdocuments,

graphics,images,speechandvoice,
etc.;

)3

)4

Consultationandexpertsystemshaving

inferenceandleamingmechanismsof

theirownandcapableofstoringknowl-

edgeandprovidingadequateinforma-

tionasdesired;and

Variousdatabasesforprovidinghigh-

levelinformationnecessaryfordecision

making,andman-machineinterfaces

supPortedbyartificialinteUigence

technologyformakingandsupporting

decisions.

(2)Tomeetinternationalcompetitionand

contributetowardinternationalcoopera-

tion

Japan,whichhasshortageoflandanda

populationdensityabout40timesthatofthe

UnitedStatescannotattainself-sufficiencyin

food,andherrateofself毛ufficiencyinenergy

isabout15%andthatofoilaboutO.3%.On

theotherhand,wehaveonepreciousasset,

thatis,ourhumanresources,Japan'splentiful

laborfbrceischaracterizedbyhighdegreeof

education,diligence,andhighquality.Itis

desirabletoutilizethisadvantagetocultivate

info㎜ationitselfasanewresourcecom.

一16一
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parabletofoodandenergy,.andtoemphasize

thedevelopmentofinforrnation-related

knowledge-intensivej[ndustheswhichmake

possibletheprocessingandmanagingof

informationatwil1.

Suchaneffortwouldnotonlyservetohelp

ourcountrymeetinternationalcompetition,

butwouldalsoenablesustomakeinter-

nationalcontributionsthroughknowledge-

intensivetechnology.

WehavetobeintemationaUycompetitive

andatthesamet㎞ecooperativeinthe

followingsubjects:

1)Constructionandma㎞tenanceof

variousdatabases;

2)Smoothingintemationalexchanges

throughthedevelopmentoftranslation-

assistingandinterpretingsystems;

3)Improvementofproductivitywiththe

aidofintelligentrobots;and

4)Acceleratingresearchanddevelopment

byusingintelligentCADsystems.

Althoughwehavemainlyfbllowedthe

headofothercountriesincomputertec㎞01-

ogyuptonow,it'stimeforustobreakwith

thisoutmadedtradition,andcenterour

effortsonthedevelopmentofnewcomputer

technologybasedonourownconceptions,so

thatwecanprovidetheworldwithnewtech-

nologywithaviewtopromotingintemational

cooperation.

(3)Toassistinsavingenergyandresources

Oneofthemostimportanttasksfacing

mankindinthiscenturyis'theeffectiveuse

off㎞iteresources.Theinformationindustry

shouldcopewithsuchproblemsbywayof:

1)Minimizationandoptimizationof

energyconsumption;

2)Improvementofenergyconversionef-

ficiency; .

3)Simulatorsfbruseindevelopingnew

sourcesofenergy;

4)Reductionofenergyconsumptionill

productionthroughCAD/CAM*;

5)Extensionofproductservicehfβ

throughdamagedetectionandauto-

maticrecovery;and

6)Reductionofmovementofpeople

throughpropagationofdistributed

systems.

Needlesstosay,theinformationindustry

itselfisatypicalknowledge-intensivenon-

consumptiveindustry.

(4)Tocopewithanagedsociety

People65yearsofageorolderwillmake

up12%oftheentirepopulationofourcountry

inl990.Oursocietyisagingofanun-

precedentedrate.Accordingly,agreat

increaseinmedicalexpensesandwelfarecosts

togetherwitharelativereductioninthelabor

forcecouldbecomebigsocialproblems.

Activecontributionsshouldbemadeto

prepareforsuchproblemsbywayof:

1)Improvementandstreamliningof

medicalandrealtedinformationpro-

cessingsystemsandhelathmanagement

systems;

2)Developmentofsystemsf()rhelpingthe

physicallyhandicappedgetactive;

3)DevelopmentofCAIsystemfbrthe

lifetimeeducationoftheaged;and

4)Developmentofdistributedprocessing

systemsforenab㎞gpeopletoworkat

home.

Asthesocietybecomes・moreandmore

information£entered,computersandsociety

willberelatedtoeachotherinmorecomph-

catedanddiversifiedways.Computersmust

betoolsthatcancoexistwithhumanbeings.

Itisimportanttodeveloptheinformation

industrywithmeticulouscaresoasnotto

allowtherulersofcountriestousecomputers

asatoolforgoverningPeopleandalsonotto

letcomputerstumagainstmankind.Fifth

generationcomputersshouldthereforebe

developedwithaviewtomakingthemboth

usableandlikable.

*CAM:ComputerAidedManufacturing
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2.2Problemswithtoday'scomputer

systems

Computertechnology-has
,fromitsbirth

on,almostconsistentlybeenaimedathigh-

speedoperationandlargecapacity ,andhas

featuresenumeratedbelow:

(1)Computersaredesignedmainlyfor

ca∬ymgoutnumericalcalculationsirrespec-

tiveofwhethertheyareofscientificuseor

businessuse,andhaveaminimizedfunction

toprocesscharacterorimagedataandthe

like.

(2)Silcethecostofhardwarehasbeen

highascanbeseenfromsequentialcontrol

ofstoredprogramsystems,thebasicdesign

ideaisthatthefunctionsareminimiZedand

puttouseatahighrateofefficiency.

(3)Toimprovecostperformanceratio

hasbeentocentralizeprocessingandmake

systemsmorehuge,becausehigh-speedopera-

tionandlargecapacityareindispensable .

(4)Inordertooperateahugesystemand

useitefficiently,theproportionofthecost

ofdevelop㎞gsoftwarehasgraduallybeen

increased,resultinginunificationofarchitec-

tures.

Fromthestandpointofrecenttechnologi-

caladvancementssurroundillgcomputersand

changesinuserdemands,distinguishing

characte亘sticsassociatedwithconventional

teclmologycanbedescribedasfollows:

(1)Today'scomputersarenotequipped

withthenecessary負mctionsandvoiceto

processnon-numericaldatasuchassentences,

symbols,speechandvoice ,graphics,and

images,etc・Howevercomputersareexpected

tobedevelopedwhichwUlbecapableof

associativeand口lferenceprocessingsuchas

pattemmatchingfunctionswhichdeservethe

nameofartificialintelligence .Computers

suchasthesewillberequ丘edtowidenthe

areasinwhichinformationprocessingcanbe

appHed,diversifytheformsofprocessing
,and

reaUzeinfomationsystemsthathaveahigh

levelofintelligence .Compueterswithnew

architecturesarealsohopedforwhichnot

onlyhaveincreasedprocessingcapabilities
,

but・alsocanputtopracticaluseinfbrmation

managementsuchasdatabasesandknow1-

edgebases.Computerswithnewprocessing

functionsaredesiredtoimproveman-machine

interfacebydevelopingeasy-to-usecomputers

capableofbeinggoodassistantsformanand

toeffectivelyextendtherangeofthehuman

senses.

(2)Theperformanceofconventional

computershasbeenincreasedlargelythrough

lmprovementsmadetotheirseparateele-

ments,andeffortstoimprovethesystem

itselfhavethusfarprovenfruitless .However,

sincethehigh-speedoperationofelements

themselveshasalimitationimposedbythe

speedoflight,combinedeffortsfromthe

standpointofbothelementsandsystems

shouldbemadefromnowontoimprovethe

performanceofcomputersofeffortmade

thusfarintermsofsystemsisparallelpro-

cessing・Thisisnotonlyessentialforlarge-

scalenumericalcalculationsuchaspartial

differentialequationsandforsimulatorsfbr

varloussystems,butisalsoneededfbrspeed-

ingupinferenceandassociativeprocessings .

Variousparallelcontrolsystemsshouldbeput

topracticalusewhichincludeproposeddata

flowcontrolthatisbasicallydifferentfrom

conventionalsequentialcontro1 .

(3)Duetothediversificationoffieldsof

applicationandadvancementsinLSItechnol-

ogy,themeritsofdistributedprocessing

havecometobelookedatinanewlight.

Distributionofprocessingcanroughlybe

groupedintotwocategories.Oneisaregional

distributionfbrminwhichprocessingfunc-

tionsanddatabasesarelocatednearpersons

inchargesothatvariousresourcessuchas

hardware,software,databaseandthelil(ecan

besharedbymanythroughcommunications

lines.Theothersystemcomprisesdistributed

functionswhereinprocessorsofdifferent

kindsdesignedfordedicatedusesarecon_
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nectedtoeachotherviahigh-speedbusesand

thelike,thusreplacingasystemhavinga

relativelysmaUnumberofprocessorsofone

kindconnectedtoacommonmainmemory.

Thefomlershouldserveasameansforreahz-

ingahugeinformationsystemdesignedfrom

thestandpointofusers,andthelattershould

beputtopracticaluseasameansforrealizing

systemswhichmeetdiversifieddemands.

(4)Thecostofsoftwaredevelopmentis

everincreasing,butmanydifficultieshave

beenencounteredinimprovingtheproduc-

tivityofsaid.Whilearchitectureshavebeen

proposedwhichcanaccepthigh-levellangu-

ageswithease,andattemptshavegradually

beenmadetochangeOSintofirmware,

emphasisisstillplacedontheutilizationof

softwareheretoforeaccumulated,andoldand

inconvenientarchitectureslarefollowed.

Effortsarerequiredtoprepareenvironments

inwhicharchitecturessuitedforthenewage

centeringaroundnewappliedfieldsorareas

canbeintroduced.Whensoftwarecanbe

programmedwithincreasedproductivityas

aconsequence,diversifiedarchitectureswill

alsobemadepossiblethusopeninguppros-

pectsforfuturecomputerscienceand

englneermg・

2.3Thematuringtechnologicalfoundation

andexpectednewtechnologies

Technologiessurroundingcomputers,in-

cludingLSI,haveachievedepoch-making

advancementsduringthepasttenyearsin

variousfields,andcan,moreover,beexpected

toattainevengreatertechnicaladvancements

duringthenexttenyears.

Principalseedtechnologiestobe㎞troduced

computersmtheforthedevelopmentof

1990'saresetforthbelow:

(1)VLSItechnology

●

Toachieveaquantumleapinthecomputer

technologyofthefuture,itisessentialto

introduceLSIsandVLSIsfullyintocomputer

technology.Althoughthesedeviceshave

beensmoothlyintroducedintomemories,

evolutionofstoragesystemsinwhichalogic

andmemoryarecombined,suchasanassocia-

tiVe,willbeofgreatimportance.

Microprocessorswerethefirststeptoward

theintroductionoflogicdevicesanditwillbe

possiblewithinafewyearsforacurrentlarge-

sizeprocessorwithaboutonehundred

thousandgatestobeproducedonasingle

chipbywayofVLSItechnology.Sucha

possibilitywillundermineconventionalcom-

putertechnologywhichhasadvancedviathe

effectiveutilizationofsimplelogic(circuits)

servingasacentralstandardforevaluation.

Statedotherwise,atechnologicalfoundation

isintheprocessqfbeingmaturedwhichwill

allowcomputerstotallydifferentfromthose

existingtoday,somethingsimilartoartificial

brains,toapPear.

Ononehand,individualswillbeableto

havepersonalcomputerswhicharecom-

parableinfunctionandperfbrmancewith

presentdaylarge-sizecomputersand,onthe

otherhandbyreevaluatingpackagelsystems

ofva亘ousfunctionswhichhavethusfarbeen

consideredimpracticalnewcomputershaving

advancedfunctionsandperformancewill

makepossibletheopeningofnewfieldsof

application.

VLSIsarenotomnipotent,butratherhave

thefollowinglimitations:

)

)

1

2

)3

Integrationonasmallareaisrequired;

Wiringareasneededforconnectionare

almostasimportantasthedevicearea;

and

Althoughrepetivepattemscanbe

designedwithease,manydifficulties

ariseindesigningerror-freecompletely

randompatternsforlarge-scalesystems.

TogetthemostoutofVLSItechnology,it

isnecessarytobacktoalgorithmsfora

logicarrangementsuitableforthetwo-dimen-

sionalstructureofVLSIs,andtorealizean

integratedVLSI.CADsystemincludingan

evaluatingsimulatorandatestdataprepara－
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tionsystemfbradesignfreeoferrors.One

idealistoconstructaniltelligentCAD

systemcenteredaroundaknowledgebase

thatwillenablethesmoothreutilizationof

datausedinpastdesigningandprovidethe

designerwithasupplementarysourceof

knowledge.

(2)High-speeddevicetechnology

Itisanimportanttasktointroducein.

tocomputertechnologydevices'suchas

JosephsonjunctionsorGaAsdeviceswhich

canoperatefasterthansilicondevicesby

morethanonefigureinunittime.Although

thedevelopmentofdevicesthemselvesisnot

thesubjectofthepresentprogram ,(thistask

hasbeenassignedtoanotherpr()ject)
,this

doesnotmeanthatwedenythe㎞portance

ofthedevelopmentofdevices.Inorderfor

thesedevicestobeintroducedintocom-

puters,VLSItec㎞ologyutilizingsuchdevices

willhavetobeestablished.Sincetheesta-

blis■mentofsuchtechnologytakesmany

yearstoachieveitapPearsimpossibletocon-

siderfifthgenerationcomputerarchitectures

premisedonthetechnologyofthesedevices

becauseofthetimefactorsinvolved
,and

hencethesenewdevicesthemselvesare

excludedfromthepresentprogram.However
,

theprogressofthedevelopmentofthese

devicesshouldbewatchedsothattheycanbe

incorporatedintotheprojectatsomeinter-

mediatestageofthefifthgenerationcom-

puter'sdevelopmentshouldthesenewdevices

provelsufficientlypracticalandcapableof

superiorperformance.

High-speedoperationrenderedpossibleby

suchdevicestendstoresultdirectlyinim-

provedcomputerperfbrrnance,andthe

constructionofdevice-orientedsystemsisnot

nearlyasdiff玉cultasfbrthatofparallel

systems:Inadditiontotheirhigh-speed

operation,Josephsonjunctionsareadvantage-

ousinthattheyrequiresubstantiallyno

energyinstoringinformation .Therefore,

developmentofdevicessuchastheseshould

becarefullywatched.

Opticaltechnologyshouldfindawide

varietyofapPlicationsinsuchareasasinput

andoutputdevicesanddatatransmission ,and
isalsoexpectedtoproveusefUIintheareaof

peripheralmemorytechnology,especiallyasa

meansforstoringaknowledgebasewhich

requiresnorewriting.Opticalcommunication

technologyissuitableforhigh-speeddata

transmission,andcanbeutilizedrightnow

forhigh-performancelocalnetworkswithin

asinglebuildingorpremise.Thistechnology

willbeaprimemoverinthedevelopmentof

distributedenvironmentsdescribedlateron.

(3)Fusionwithcommunicationtechnology

TheVLSItechnologyisorientedtoward

massproduction,andcallsfortheextensive

useofasingleVLSIchip.Ifweconsider

VLSI'sfromthestandpointofarchitecture

andsystematizationtechnologies ,onepos-

sibilityisloadandfunctiondistributiondue

tominiaturizationcapabilities,andanotheris

parallelprocessingwhichwillbedescribed

below.

Forthepromotionofdistributedproces-

singtechnology,communicationtechnology

andcomputertechnologywillhavetobe

morecloselyunited.

Itisnecessarytoestablishatec㎞oology

whichcanconnectalocalnetworkassociated

closelywithacomputertoaglobalnetwork

usedfOrcommunication,andthentoesta-

blishasystemforallowingjobsanddatabases

tobedistributedreadily.Attemptshave

steadilybeenmadetoprovideafbundation

forrealizationoftheforegoingtechnology

andsystem,thetechnologyofopticalcom-

municationbeinganexample.Awidevariety

ofeffortsrangingfromtechnologicalresearch

anddevelopmenttostandardizationshould

fUrtherbemadebythoseconcerned.

Oneidealtoberealizedtowardandinthe

1990'siseitheranationwideorworldwide

info㎜ationsystemwhichutilizesacommuni-

cationnetworkformakingcorrectandprecise
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informationreadilyavailable・anywhere.

(4)Parallelprocessingtechnology

High-speedoperationresultingfromad-

vanceddevicesislimitedbythespeedoflight,

andtheparallehngofcomputersbymeansof

pipe-lineandSIMD*systemshasbeenpro-

gressing.Thefieldsmwhichhigh-speed

operationhasbeenmostrequiredarethearea

oflarge-scalenumericalcalculationssuchas

solvingPartialdifferentialequationsandthe

fieldofs㎞ulatorsforlarge-scalesystems.

WiththeadvanceofLSIs,paraUelcomputers

havefoundavarietyofapPlicationsandare

expectedtoprogressfurther,butcontrol

systemsforthesearelimitedbythefactthat

theycanbecommonlyusedforawidevariety

ofapplications.Controlsystemsbasedon

dataflowarenowbeingwidelyacceptedas

systemscapableofutilizinginitsnatural

fonn,theparallelismpossessedbyalgorithms.

Thesesystemsarealsoconsideredcapableof

incorporatingLSIs.Sincesuchthjngsas

inferencemechanisms,whichwillbedes-

cribedlateron,arerecognjzedashav口1gan

essentiallylargenumberofparallehsms,data

flowmachinesareexpectedtobecomean

aneffectivemeansofeHminatingthemany

bottlenecksexperiencedwithtoday'scom-

puters.

(5)Softwaretechnology

Ithasbeenpointedoutforalongt口nethat

softwareisanimpedimentintheconstruction

ofinformationsystems,andthatitsdevelop-

mentandmaintenanceinvolvealotofexpense

meansofsolvingtheseproblemshavebeen

researchedasapartofsoftwareengineeing,

andmanyproposalshavebeenmadefbrthe

improvementofsoftware』productivity,some

ofwhichhavebeen口1corporatedhltohigh-

levelprogramminglanguages.Someexamples

ofthesearemodularization,dataabstraction,

functionallanguages,non-procedurallangu-

ages,andsingleassignmentlanguages.Not

onlyisreflectingthespecialfeaturespossessed

bytheselanguagesincomputerarchitectures

necessarytoefficiencyprocessjobsdescribed

bythesehigh-levellanguage,butalso,many

functionsaredifficulttopackagewithoutthe

aidofhardware.

Thedevelopmentofbasictheoriesfor

programmingandassociatedproposalsfor

newcomputationmodelscannotbeutilized

withoutarchitecturesandlanguageswhich

havetheseastheirpremise.Thus,fixedarchi-

tecturesposethedangerofblockingthe

sounddevelopmentof・informationtechnol-

ogyasawhole.

Ontheotherhandprogramverificationand

automaticsynthesistechnologieshavesteadily

progressed.Althoughfullyautomated

programrewritingtoaccompanyarchitectural

changesare㎞possiblefbrthetimebeing,it

seemspossibletoconstructsystemsforhelp-

ingrewriteprogramsandgreatlyreducingthe

interpositionofhumanhands.Suchsystems

couldbeusedtopreparenewprogramsand

effectprogramrewritingresultingfrom

changesinspecificatioris.Inthisway,the

softwarecrisismightalsobeavoided.

Therealizationofahighlyintelligent

supportsystemfbrsoftwaregenerationisone

oftheidealsthatfifthgenerationcomputers

areaimingat.

*SIMD:SingleInstructionMulti-Datastream

(6)Artificialintelligneceandpattemrecog-

nitiontechnologies

Researchintosystemsorhighlyintelligent

robotswhichcanunderstandtheeveryday

conversationofhumanbeings,knowwhatit

means,seeksolutionsandgiveanswers

togetherwithmachinetranslationand

theoremprovingasnewcomputerapPlica-

tions,hasbeeninprogressfromarelatively

earlystage.Thestudyofsomesubjects,such

asmachinetranslation,thoughoncecon-

sideredreadilyrealizable,hasdeclineddoto
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theirprovingtodifficulttoaccomplish.

Languagesandknowledgehavebeensteadi-

lystudiedassubjectsofartificialintelligence,

toproducemanyfruitfulresults.Wehave

nowreachedthestagewheretheunder-

standingofnaturallanguagesandthestruc-

turalizationofknowledgedataarenearhlgour

grasp.However,thisresearchstillhasn't

advancedbeyondthebasiclevel,beingl㎞ited

totheworldofsmallvocabulariesandnarrow

subjects.Problemswhichw血beencountered

whentheforegoingtechnologiesbecome

practicalhaveyettobestudied.Thereasons

f()rthisareasfoUows:

1)Researchersofbasicstudiestendtobe

satisfiedwithsolvingproblemsin

principle,andtohavelessinterest㎞

puttingthe廿sublectstopracticaluse;

2)Computersatpresenthavearchitec-

turesdesignedmainlyfbrnumerical

calculation,andassuchhavealmostno

functions,suchasinferencemecha-

nlsms,requiredforartificialintelligence.

Therefore,processilgtakesalongtime,

andtheyareimpracticalfbrlarge-scale

expe㎜ents;and

3)Alotofmanpowerisneededtoprepare

andinputdataandprogramsnecessary

forexper㎞ents.

Sincethemostdetr㎞entalofthesereasons

istheinsufficiencyofcomputerperformance,

itis㎞portanttosmoothlypromotethe

presentprogramsothatacomputersystem

gearedforartificialinte1Ugencecanbedeve-

lopedatanearlystageoftheprojectthus

makingitsresourcesava且abletoresearchers

ofartificialinteUigence.

Thesamecanbesaidaboutthetechnology

ofrecognitionandunderstandingofpatterns

suchasgraphics,㎞ages,speech,voiceand

characters,etc.Computerswitharchitectures

suitableforpatternprocessingarenecessaryif

wearetoutilizecomputerstopromoteour

research,reahzeanaturalman-machine

interfaceandfurtherexpandtherealmofour

senses.Sincethiswmalsobe㎞portantasa

facilityforpromotingbasicresearchinstages

priortothat,suchacomputershouldbe

developedasaresearchsupportsystematan

earlystageofthisproject.

2.4 Objectivesandsignificanceofthefifth

generationcomputerproject

Fifthgenerationcomputersshouldbe

equippedwithfunctionsthatwillserveto

eliminatesocialbottlenecksexpectedto

appearinthe1990's,functionswhichtoday,s

computerslack.Thesecanbesummarizedas

thefbllowillgfourtasks:

(1)Toincreasethelevelofcomputer

intelligenceaswellastheiraffinityforco-

operationwithman.

Thefivehumansensescanfulfiltheirfunc-

tionsonlywhenbackedupbytheknowledge

necessarytounderstandtheinformation

obtainedthroughthem.Inordertoraisethe

levelofcomputerintelligenceandincrease

theiraffinityforcooperationwithman ,itis
absolutelyessentialtoprovidethesecom-

putersonewayoranotherwithknowledge
relatedtotheirrespectivefieldsofapPlication

andthemeansforputtingthesetopractical

use.Itwillalsoben6cessarytodevelopa

computerequippedwithassociativeinference,

andleamingfunctionstoprocessthatknowl-

edgesmoreeffectively.

Suchrequirementscanbemetbyimprov-

ingman-machilleinterface ,andfurther
researchingunderstandingpattemssuchas

speech,voice,graphics,imagesandobjects,

thecomprehension'ofdailylanguage ,and
knowledgebases.

(2)Toprocesstheabilitytoactonbehalf
ofhumanbeingsaswellastheabilitytoassist

maninthedevelopmentofunknownfields.

Sothatmanandcomputerswillbebetter

abletosharetheburdenofworkrelatedto

environmentalchangesinoursociety,suchas

energyconservationandproblemsrelatedto

theagedetc.,thehltelligencelevelofcom-

puterswillhavetobeincreasedtotheextent
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wheretheycancomprehendtheenvironment .

Soastoexpandthecapabilitiesofoursensory

organswiththeaidofcomputers,develop-

mentofsensortechnology,andfunctions

suchaspatterncollatingabUitieswherea

computerisconnectedtothesesensorsto

extractthedisthlctivefeaturesofwhatis

sensed,aswellasaparallelprocessingability

forrealtirneprocessingisnecessary.

(3)Toenablevariousformsofinforma-

tiontobemadereadilyandeasilyavailable

whennecessary.

The口1fbrmationavailablethroughpresent

informationprocessingsystemsishighly

1㎞itedwithrespecttothekmds,amounts

andformsofinformationwecomeincontact

withinoursociety.Itisnecessarytoreduce

thegapandfacilitateinstantaccesstoa

greateramountandwidervarietyofinforma-

tion.Itisalsoimportanttodevelopameans

ofaccesswhichenablestheeasyandaccurate

retrievalofinformationneededatthattime.

Alsoimportantisasupportsystemfor

clarifyingthemanyvaguerequestsmadehl

therealworldanessentialtechnologyfbr

enabUngcomputerstobeappliedtonon-

standardizedjobssuchasCADanddecision

makingsupPortsystems.

Computernetworkswhicharecapableof

accessingdst亘buteddatabased,andknowl-

edgebasescapableofunderstandingthe

meaningofquestionsandgivinganswersare

alsoimportant.

(4)Acquisitionofnewperceptionsby

simulatingunknownsituations.

Itisexpectedthatwewillbeableto

acqu廿eknowledgeofunknownsituationsby

meansoflargescalesimulationsinavariety

offieldssuchasscienceandtechnology,

management,administration,andsociety .

Throughrealizationofultra-high-speedgom-

putersusinghigh-speeddevicesandparallel

processing,precisesimulationwillbemade

possibleinfieldswheresimulationhadbeen

impossibletodate.

Fromthestandpointoftheuser,fifth

generationcomputersshouldfunctionslike

thefivewhichareenumeratedbelow:

(1)EasytousefUnctionscapableofbeing

utihzedevenwithoutprofessionalknowl-

edge..

SystemsofthiskindshouldbeequipPed

with

1)fUnctionsfbrtheinputtingandoutput-

tingofinformationbywayofsenten－

ces,speechandvoice,graphics,images

andthelike,

2)functionsfortheprocessingofinforma-

tioninaconversationalmannerby

meansofdailylanguageandgraphs,

and

3)functionsforstoimgcommon㎞ow1-

edgeasweUasonescapableofutilizing

thespecializedknowledgefbreachfield

ofapPlication.

(2)HumansubstitutefUnctionscapableof

judgementanddecisionmaking.

Ideally,judgementsinvolvinglogiclshould

beleftuptothecomputerwhilethedata

necessaryfor㎞portantdecisionmakings,is

providedforman.

Thefollowingabilitiesshouldbedeveloped:

1)functionswhichenableautomaticret-

rievalofrelatedinformationoutofvast

amountsofstoreddatainresponseto

lnqu]res,

2)functionswhichenableconclusionsto

bedrawnfrominferencesbasedon

storeddatawhenanunknownproblem

isgiven,and

3)functionscapableofleamingandstor-

ingforsubsequentusesolutionstonew

problems.

(3)Functionscapableofflexibleconfigura-
tionsapphcabletoawiderangeofjobs.

Inordertobeabletofreelyselectefficient

systemconfiguratonsresponsibetovarious

non-standardizedjobsinawidevarietyof
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apphedf五elds,thefollowingarerequ丘ed:

1)fUnctionscapableofconstructing

systemoptimumfbrneedsinquestion,

2)functionscapableofhandhnglarge-

scalecomputationprocessingand

managementofalargequantityofdata

asdesired,and

3)fUnctionsthatcaneasilybeupgraded

onabuildingblocksystemtomeet

increasedjobs.

(4)Functionsforfac血tatingprogramming

EffectiveutiHzationofaccumulatedsoft-

wareandimprovementofsoftwareproduc-

tiVityreqUire:

1)functionsenabUngacomputertowrite

andmodifyitsownprograms,

2)functionsenablingacomputertojudge

andprocessmattersofcommonsense

withoutinstructionsfromman,and

3)functionabletocopeeasilywithdif-

ferenttypesofcomputersaswellas

additionstoexistingequipment.

(5)Systemfumctionswhicharereliableand

canbeusedexpediently.

Fromthestandpointofsystemconfigura-

tions,thefollowingarenecessary:

1)compactsystemfunctionshavinghigher

costperformanceratios,

2)systemfunctionscapableofsophisti-

cateddistributedprocessingbetween

distantpoints,

3)highlyreliablefunctionssuchas,func-

tionsabletorecoverautomaticaUyand

minimizetheadverseeffectsofmal-

functions,aswellasfunctionsto

facilitateverification,andsystemfunc-

tionsofhighmaintainability,and

4)sophisticatedfunctionstoprotectsec-

rets.

Japanhascometobecalledan"economic

power"thankstotheremarkablegrowthof

ourvariousindustries.Butwhenwecon-

sideredthefUturecourseoftheseindustries ,

itisimportanttostoPPIaying"catch-up"

withthemoreadvancedcountriesandtoset

goalsofleadershipandcreativityinresearch

anddevelopment,andtosearchforaresearch

anddevelopmentsystemsuitableforsuchan

a㎞.Promotinganationalprojectsuchasthis

inthecomputerindustrywhichhasastrong

effectonvariousleadingtechnologies,will

probablygreatlyinfluencesthewayinwhich

researchanddevelopmentsystemswillbe

madeinotherindustrialfields.

Theroleandeffectsoftheresearchand

developmentpr()jectfbrfifthgenetation

computersissummarizedasfollows:

(1)Bypromotingthisprq'ect,ourcountry

wmplayaworldleadj㎞groleinthefieldof

computertechnologydevelopment.Our

effortswillnotonlyfostercreativetechnol-

ogyfbrourowncomputerindustry,butwill

alsoprovideourcountrywithbargainilg

power.Wealsofulfilourdutyasaneconomic

powerbyinvestinginthedevelopmentof

suchleadingfields.

(2)Thisprqlectwillen亘chthesocietyof

the1990'sandproduceothereffects.

Thisprojectisexpectedbebeneficialinthe

solutionofsocialbottleneckssuchasthe

energyproblem,theageingofsocietyandthe

lil(e,andtoserveasanactiveprimemoverin

allindustrialfieldsbyhelpingincreaseeffici-

encyinthoseareaswereincreasingProduc-

tivityhasprovendifficult,withtheaidof

CADandmanagementdecision-making

supportsystems.Anincreaseintheintelli-

gencelevelofindustrialrobotswillresult口1

imptovedproductquaUtyandenergysavmg.

Asindustrialrobotsareapphedtothe

prtmaryhldustries,productivityinthesefields

willalsoincrease,andworkersnolonger

sufferfrompoorworkhlgenvironments

shouldhavelessaccidents.

EHminationofthesoftwarecrisiswilhot

onlyallowustochallengetheconstruction

ofmoresophisticatedsystems,butwiUalso

servetoremovethenegativeaspectsbrought
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aboutbycomputerization,suchascomputer

crlmes.

(3)Developmentinunexploredfieldscan

contributeactivelytotheprogressofhuman

SOClety.

Bypromotingthestudyofartificialintelli-

genceandrealizinginte1Hgentrobots,abetter

understandingofthemechanismsoflifewill

becomepossible.Theapproachingreahzation

ofautomaticinterPretationandtranslation

willservetohelppeopleofdifferenttongues

understandeachother,toreducetroublesdue

tomisunderstandingandignorance,andto

leadtofurthergrowthbasedonmutual

understandingofcultures.Withtheconstruc-

tionofaknoWledgebasemadepossible,the

knowledgewhichmankmd・hasaccumulated

canbestoredandeffectivelyutilized,sothat

thedevelopmentofcultureasawholecanbe

rapidlypromoted.Mankindwillmoreeasily

beabletoacquireinsightsandperceptions

withtheaidofcomputers.

(4)Experimentsfbrleadingresearchand
developmentorganizations.

Itisextremelyimportantto'testatthe

nationalleveltheleadingorganizationsfor

researchanddevelopmentwhichhavebeen

inoperationforalongtime.Almostall

nationalprojectsfromnowonwiUbere-

quiredtobecarriedoutbyleadi19research
anddevelopmentorganizationssuchasthis,

andthepresentprogramcanbelookedupon

asakindofexperimentalprojectforfuture

projects.Promotionofsuchapr()jectcreates

anenvironmentconducivetoproducing

originalstudiesbasedaroundit.

■
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3.IMPACTSANDEFFECTS

3.1Possibleimpactsoffifthgenerationcom.

putersonsociety

Itisnecessaryforustotrytoforeseeevery

possibleimpactthatfifthgenerationcom-

puterswillhaveonfunctionsandsystemsof

oursOClety.

(1)E】 ㎞ 」皿ationofsocialdistortionsresult-

ingfromdifferencesbetweenlow-

productivityandhigh-productivityfields

Increasesinthecostofgoodssuchas

products,servicesandothersisininverse

proportiontoincreasesinproductivity.

Indust亘alfieldsinwhichnoincreasedproduc-

tivitycanbeexpected,areproduc㎞9900dsat

everincreasingcostswhichwiUreachan

unbearablepo口1t.Theresultisthatsuch

industrialfieldswilleitherdeclmeinordis-

apPearaltogetherfromsociety.

Fifthgenerationcomputersareexpectedto

functionextremelyeffectivelyinallfieldsof

society.F丘sttheyw皿1taketheplaceofman

intheareaofphysicallabor,andthroughthe

inteUectualizationoftheseadvancedcom-

puterstotallynewapphedfieldsw沮be

developed,socialproductivitywillbein-

creased,anddistortionsinvalueswUIbe

eliminated.Asanexample,thereareindica-

tionsthattheagricultureandfisherymdustries

mightbechangedintofoodindustrieswhich

wouldilnctioneffectivelyenoughtogive

JapanfU皿selfＬsufficiencyinfood.

Fifthgenerationcomputersarealso

expectedtogreatlyimprovethelowlevelsof

productivitybeingexperiencedhlthefieldsof

medicaltreatmentandeducation,andtoplay

abigroleinthedistributionofinformation .

(2)Expansionofman'sabilities

Heretofbre,increasihgproductivityhas

beenaccomplishedonlythrough㎞prove-

mentsintheefficiencyofman'slabor.Inthe

future,weshouldletmachinesdowhatthey

candoforincreasedproductivity,andshould

concentrateoureffortsonthosethngsthat

onlyhumanbeingscando.Fifthgeneration

computerscanplayanimportantrolein

anplifyinganintelligentabilitywhichonly

mankindcanhave.Representativefor

performingthistaskareDSS*,CAE/CAD.

(3)Impactsonindividuals

Today'smformationahzedsocietyappears

tobefloodedwithagreatamountofinforma-

tion.Considerableeffbrtsarenecessaryfor

peoPletoobtamonlythatinfbrmationthey

desireandtofohnunbiasedjudgmentsonit .

Thus,thereisnogeneralguaranteethatthe丘

conclusionswillbereasonableones.Sucha

situationissuretoleadpeoPletodoubtthe

me亘tsoftheutilizationofin飴 ㎜ation .

Thistendencyisquitedisadvantageousto

theprogressofinformationtechnology .One

oftheexpectationsfbrfifthgenerationcom-

putersconcemsthegreatprogresswhichis

likelytobemadeintherelationshipbetween

㎞dividualsandinfomlation.Thiswillstem

fromthefactthatanyone
.willbeableto

conversewithcomputersevenwithouta

professionalknowledgeofthem,evenif

everydaynaturallanguageisused,thecom-

puterswillbeabletounderstandourthoughts,

andgiveussuitableanswers.Althoughwe

haveheretofbrehadtoadaptourselvesto

machinesinordertogetresults,inthefuture

machineswillbecomemuchmore`human'in

the丘abihtytohandleourrequests.

(4)NewSociety

Itisdifficulttoforeseeexactlywhatfo㎜

theforthcomingnewsocietywilltake .Inthe

1990's,bymeansoftherealizationoffifth

generationcomputerswewouldliketoexpect

thatthenumeroustasksoutlinedbytheSub-

committeeforResearchintoSocialEnviron-

mentalConditionswillbecapableofbeing

*DSS:DecisionSupPortSystem
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solved.Butperhapsevenmorethanthis,itis

feltcertainthatfifthgenerationcomputers

willtriggertherealizationofdevelopments

andphenomenaheretoforeundreamedof.

3.21mpactandeffectsinvariousapplied

fields

Thefollowingaresomeeffectsthatfifth

generationcomputerscanbeexpectedtohave

onmainfieldswhichwillberapidlysystema-

tizeduptothe1990'sandinwhichcomputer

systemswillproducegreatadvantages.

(1)EffectsofOA

Bymeansofofficeautomationsystems

(OA),thevariousf[lnctionsofEDPandother

departmentswillbestrしlcturallyconnected

toallowmanagersatvariouslevelstomake

handyuseofdatabasesandresultsofvarious

simulationsviapersonalcomputersand

terminals,thuspe㎜ittingjobstobedoneon

acompany-widescale.

Planning,research 、designengileeringand

otherdepartmentswillbeabletouse ,ill

additiontoconventionalcharactersand

numbers .adatabasesystemcapableofhandl-

ingawidevarietyofformssuchasimages
,

graphs,speechalldothermediumsforgiving

flexiblecreativityagreaterchancetoblossom

fromageneralpointofview.

Systemsutilizinglesspaperwillberealized

toenableelectronicstOrageandexchangeof

informationtogetherwiththeutilizationof

multiple-functionterminals,andthesupport

ofofficejobswithautomatictranslationand

variousknowledgeprocessings.

Asaresult,productivitybywhite-collar

workersWillbeincreased,thequalityof

managementimproved .andcreativeenviron-

mentachieved,therebyrealizingoffices

whicharelaborandenergysaversaswellas

moreinternationallyoriented.Officeswillbe

requiredtohavetherightmenintheright

Places,tobeorganizedstructurallyandflexib-

ly,tocopewithanageingsociety,tohavean
.

increasedabilitytodeveloptechnology,and

tohavebetterintemationalexchange,andto・

bemoreopenintemationally.

Inthe1990's,withthetechnologyto

achievetheseobjectives,Japanesewhoare

capableofadaptingthemselvesflexiblyto

newenvironmentswillbeabletorealize

sophisticatedofficeautomationsystemsfor

processinginformationthroughvarious

mediumsincludingimages,graphs,speechand

thelike,andbecomeaworldpioneerofOA.

(2)EffectsofDSS

DSSprovideshigh-levelinformationand

supportthinkingprocessestodecisionmaking

individualsandgroupsfbrincreasingthe

validityandredugingthet㎞erequiredfor

makingdecisions,aswellasreducingthecosts

.involvedindecisionmaking.

WithDSS,duetothefactthatconsistency

indecisionmakingprocessesisimporved,and

groupdecisionmakingisrenderedmoreeffici-

entandadaptable,moresophisticateddeci-

sionmakingbecomespossible,thusenabling

industriestoincreaseproductivityrationally

andsmoothly,separatetechnologiestobe

integrated,andgeneralknowledgeindust亘es

tobedevelopedtoallowfbrmorestableand

sophisticatedjudgmentanddecisionstobe

formedinpolitics,administration,and

industry.DSSisbeingpromotedatthehome

andpersonallevelwhereitcanbeusedina

sophisticatedwayforplanningfamilyfinances,

designilglifestyles,andschedulingactivities.

Withtheseachievements,activitiesinall

facetsofsocietywillbeaffectedandwithina

marginofsafety,moreadvanced,humane

behaviorwillbepossible,thusallowingfora

morebalancedsociety.

(3)EffectsofCAE
Therearecomplicatedstepsinvolvedillall

manufacturingprocesses,fromthebasic

designuptocompletionoftheproduct.By

incorporatingaCAEsystemintosuchpro-

cesses,amulti-formdatabase,advancedimage
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processingsystem,ahigh-speedcalculationsys-

temfordesignuse,asystemforautomatically

translatingandpreparingdocumentsandapro-

jectmanagementsystemwillbecometheprin-

cipalconstnlctionelementsnecessalyforsup-

portingtheprocessuntilproductcompletion.

Thesesystemsareindispensableforputting

acompany'sknow-howtopracticaluseespe-

ciallywherevastnumbersofblueprintsand

basicdataareconcerned,foreffectinghigh-

speed,flexibledesigningoperation,for

makingbidsoverseas,fbrpreparingalarge

quantityofdocumentssuchascontractsand

instructionmanuals,andforoptimum

constructionoflargebuildingsandplants.

Ofcourse,performingthesejobsrequ丘esa

man-mac㎞einterface,safety,andimproved

costperfo㎜ance.

Withcompletionofthefifthgeneration

computerandtheabove-mentionedsub-

systems .productionprocessesinthebuildillg

andmanufactuingfieldswillbegreatly

rationalizedforsavinglabor;energyandt㎞e,

andsafetywhichhasbeendealtwithempiri-

caUyup .tonowcanbegreatlystrengthened.

Alsobetterdesignsandnewtechnologiescan

beintroduced.Furtherm
.ore,ourcountrycan

establishafootholdintheworldbyperform-

ingitsroleintheinternationaldivisionof

玉abor,furtheringquahtative㎞provementsin

economics,apPlyingnewtechnologiesto

otherfields、andcultivatingnewfrontier

industries.

Suchaccomplishmentswillmakepossible

theevaluationofplansevenforhugedeveloP-

mentsbasedonsufficientdataandsimulation

evaluationofcomponentblocks,avoidingrisks

associatedwithbig,long-teminvestments.

Theproductsofourcountrywillberender-

eduniqueandspecializedinthe丘respective

fieldsduetotheirperformance,designand

knowledge-intensivequalities.Theseachieve-

mentswillfurtherserveasafoundationfor

promotingthetrueknowledgeintensiveness

ofourindustries.

(4)Effectsofintelligentrobots

Itisbelievedthatthe1990,swillfind

robotspossessingsensesandhighintelligence

approachingthoseofhumanbeingsbasedon

sophisticatedback-endcomputingpower.

Suchrobotswillbeabletohandlemore

sophisticatedrequestsf十 〇mmankindby

Ineansofthe廿high-levelintelligentprocessing

capabilities,increasedresponsivenessto

humans,andfacilitatedoperationduetotheir

compactsizeandhighpower.

Theserobotswillextendourspheresof

activitytoouterspace,theoceandepthsand

minesdeepwithintheearthtoacquirere-

sources,developnaturalsciences,andcarry

outva亘ousmvestigations.Theywillalso

liberatemanfromsuchadverseworking

environmentsasthose-wherehewouldbe

pxposedtoradioactivityandhightempera-

tures.Theserobotswillalsofindthemselves

workinghlfieldssuchasag亘culture,fishing,

forestry,transportation,andnursing,releasing

manfromlaborinawidesenseoftheword.

Productionactivitiesthatwillrequ丘elesscare

onthepartofmanwillextendfromthe

primarytotertiaryindustries,andwillallow

ustoengageinmoresophisticatedactivitiesin

thosefields.Thiswillleadtoautomated

productioninthesecondarymdustries,which

meansthattherateofproductivityper

workerwillbegreatlyincreased.

Itisalsoexpectedthatgeneral-purpose

robotswillbecomepopularfbrautomated

productioninsmaU-scalemanufacturingindu-

stires,causingthe廿productivitytoapProach

thatofbigcompanies.

Theimpactofintelligentrobotswillbe

especiallygreat丘omthestandpointthatthe

smal1,mggedsystemsforinputtingandout-

puttingspeech,understandinggfaphics,and

controllingsystems,plustheinferencemachine

modulesinthefifthgenerationcomputersys-

temswhichwillbeutilizedandcompletedby

thesecanbeusedaspartsforgeneralmachines

tomakethelattermoresophisticatedinopera-

tion.
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4.CONTENTSOFRESEARCH

ANDDEVELOPMENT

4.1Targetsofresearchanddevelopment

Fifthgenerationcomputersystemswillbe

designedtoovercometechnicalhmitations

whichconventionalcomputershavehad,and

willbeorientedtowardprocessmgknowledge

intensiveinformationbasedoninnovative

theoriesandtechniquesproposedtomeetthe

sophisticatedfunctionswhichareconsidered

toberequ廿edinthe1990's.

Suchfifthgenerationcomputersystems

willhavethefollowingbasicfunctions:

1)Problemsolvingandinferencefunc-

tions;

2)KnowledgebasemanagementfUnction;

and

3)Intelligentinterfacefunction.

ThesefUnctionswillberealizedbysoft-

wareandhardwaresystemsrespectively,and

willbeaimedatmaximumscalesandper-

formancessuchasthose .whichfollow:

Theproblemsolvingandinferencefunction

willbeaimedatamaximumperfo㎜anceof

lOOM-1GLIPS*.

Theknowledgebasemanagementfunction

willbeaimedatape由 ㎜ancecapableof

effectingretrievalofaknowledgebase

requ廿edforinferencewithinseveralseconds,

withacoredatabasemachinehavinga

max㎞umcapaCityofIOO-1,000GB.

Theintelligentinterfacesystemwillbe

aimedatmakingconversationwithacom-

puterthroughthemediumofspeech,graphics,

andnaturallanguagesetc.,apossibilityasweU

asenablingtheexchangeofinformationina

formwhichisnaturalforman.

Thesefunctionswillbecombinedtogether

intoasinglegeneral-purposemachinehavinga

systemconfigurationwhichcanmeetvarious

performancesrequiredinavarietyofapplied

fields.

Thesefunctionsmaybearrangedsoasto

serveasmac1血esinwhichanyoneofthe

functionsisreinforced,andasniachinesthey

willhaveacommonprogramminglanguage.

Thefifthgenerationcomputersystemwill

beaimedatsufficientgeneral-purposefunc-

tionsandperformancesrequiredtorealize

systemsformachinetranslation,question

answeringandutilizationofspeech,picture

andimages,systemswhichwillbebasicand

commonforawidevarietyofapPlicationsin

the1990's.

Thetargetperfo㎜ancesofthebasicap-

phcationsystemsperceivedhereareshownin

Table4-1.

4.2Theimageofthef証thgenerationcom-

putersystem

Thefifthgenerationcomputersystemwill

beconsideredherefromtwodiffe1entpoints

ofviewinordertogetasgeneralanimage

aspossible.

ThefirstpointofviewisaconceptualvieW

ofahierarchicalstructureincludingahuman

system,amodelingsystemandamachine

system,andiscenteredonhowthelevelof

theman-machineinterfacewillincreasewith

respecttoitspresentleve1.

Thesecondpointofviewdealswiththe

fifthgenerationcomputersystemmorespeci-

ficaUy,andshowshowcomponentsarecom-

binedintothesystemassoftwareorhardware.

Sinceitwouldbedifficulttodescribethe

systeminitsoverallconfiguration,itwillbe

dividedintoanapplicationsystem,software

Note:* 1LPS(logicalInferencesperSecond)meansoneinferenceoperationofsyllogismpersecond.

OneinferenceoperationonapresentcomputerisconsideredtoTequire100-1,000steps,andhence

lLIPSisequivalentto100-1,0001PS(Instructionpersec).

Machinesofthepresentgenerationareofapproximately104-105LIPS.
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Table4・1 Themesandtargetsofbasicapplicationsystems

Machinetranslationsystem

oMulti-1ingualtranslation

oWordcapacity:100,000words

oTranslationsshouldbe90%accurate ,withtheremaining10%processed(edited)
byhumans.

oShouldbeanintegratedsystemcapableoftakingpartineachoftheprocessesfrom

compilationofthetexttotheprhltingofthetranslateddocuments .

oTheentirecostoftranslationshouldbe30%orlessthanthosemadebyhumans .

Questionanswe血gsystem

oShouldbeasystemprototypeforansweringquestionsinavarietyofprofessional

fields.

oWordcapacity:5,000wordsormore

oThenumberofinfetenCerules:10,0000rmore

Appliedspeechunderstandingsystem

oPhonetic(voiceinputt口lg)typeWriter:

Shouldhandle10,000words,possessameaninganalyzingfunction,becapableof

correctingerrorsinspeechbyitself,andoutputsentenceseasytounderstand .

oSpeech-respondingsystem:ShouldhandlelO,000words ,beabletograspthemean-

ingofresponsesandthusbecapableofnaturalconversation.

oSpeakeridentificationsystem:Shouldbeabletohandleafewhundredpeopleor

moreandidentifyspeakerswithinapracticalintervaloftime .

Appliedpictureandimageunderstandingsystem

oThissystemshOuldstructurallystoreaboutlOO,OOOpiecesofinformationinpicture

andimageformsoastobeusableforknowledgeinformationprocessing.
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system,andahardwaresystemtoprovidean

imageoftheconfigurationsforeachsystem .

Theapplicationsystemcorrespondstopart

ofthehumansysteminthehierarchicalstruc-

turedescribedabove,thesoftwaresystem

corredpondsmainlytothemodehngsystem,

andthehardwaresystemcorrespondsprimari-

1ytothemachinesystem.

Theimageofthefifthgenerationcomputer

systemcanbegraspedmoreclearlybycom-

biningtheforegoingtwopoiltsofview.

4.2.1Aconceptualimageofaf元fthgellem-

tioncomputersystem

Thefifthgenerationcomputersystemwill

beorientedfbrwardprocessingknowledge

infomlationandwillhavequiteahighlogic

capability.Itsgreatestfeaturewillbethat

interfacebetweenmanandcomputerwill

greatlyapproachthehumanlevel.

Conventionally,man-machineinterfacehas

beenviaproceduralprogramminglanguages.

Tosolveaproblemwiththehelpofacom－

puter,manhasfirsthadtodescribe,model

andprograrptheproblem.Humansand

computershavebeenabletounderstandeach

otheronlythroughprogramsthusprepared.

Withfifthgenerationcomputersystems,

however,thedescriptionandmodeHngofa

problemwilltakeplaceatinterf遙ce.Inother

words,computerswillbeabletounderstand

problemdescriptionsalldfromthat.express

amodel,andsynthesizeaprogrambasedon

suchmode五ng.Manwillbeabletocommuni-

catewithcomputersbyusingspeech,natural

languages,pictureor㎞ageswithacertail

extentoffreedom.

ToreahzesuchsophisticatedcapabUities,

bothsoftwareandhardwareshouldbefUnc・

tionaUyimproved.Figure4-1showsacon-

ceptualimageofsuchasysteminwhichthe

machinesystemindicatesfUturehardware.It

canbeunderstoodfromthisFigurethatthe

machinesystemhasfunctionsmuchhigherhl

levelthanthoseofconventionalmachines.

Ifwecomparetheoldwiththenewinterms

Human
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ofprogramminglqnguages,whileconventional

machinesuseprocedurallanguagesonthe

basisofsequentialexecution,thenew

mac㎞esystemwilluselogicprogramming

languagesorproblemsolvinglanguagesfbr

trial-and-errorlogicalinferences.

Themodelillg(software)systemillustrated

abovewillbehighlyeffectivesoftwarefor

suchhardwareandwillservemainlytoper-

forrnmeta-inferencefunctionsforproblem

solv口1gsuchasunderstandingproblemsand

synthesizingprograms.Sincetheユevelof

logicprOgramminglanguagesisquitehigh,

themodeHngsystemcanbeaman-machine

interfaceduringtheperiodoftransition

beforethefinal、objectisaccomphshed.How-

ever,inputprocessingintheformofeveryday

language,picture,orimagesetc.Inorderto

minimizetheincompletenessandvaguenessof

inputsisindispensableifwewishtoallowthe

nextstageofdevelopment.Conversely,a

負mction,wUIbenecessarytoaddsome

ofvaguenessandincompletenesstofuUy

originalresponsesfbrobtainhlgsummarized

outputs.

Themode㎞gsystemincludesaninteUigent

pommunicationsystemcapableofunder-

stand口lgspeech,naturallanguages,pictures,

andimagesatthatpokltwhenitinterfaces

withthehumansystem.

TheintelligentcommuniCationsystemit-

selfwillberealizedasasophisticatedknowl-

edgeinformationprocessingsystem・having

modelingandmachinessystemssuchas

describedabove.

Thefifthgenerationcomputersystemwill

alwaysutilizeknowledgesrequ丘edinsedes

processing,beginningwithinputssuchas

speech,naturallanguages,pictureor㎞ages

fromthehumansystem,andextendingto

understandingthesemputs,synthesizingand

executingprogramsaroundthem,andgenerat-

ingresponses.Theseknowledgesincludea

knowledgeoflanguages,aknowledgeabout

images,aknowledgeaboutproblemdomains,

andaknowledgeaboutthemechanismsand

dataexpressionofthemachinesystem,all

storedinaknowledgebase.

・Withthefunctionsofthemachinesystem

beingsophisticatedandamplifiedbythe

modelingsysteminthisway,ourabilityto

processinformationwillbegreatlyimproved.

4,2.2An㎞ageoftheconfigurationofanap-

plicationsystem

Structurescommontovarioussystemssuch

asintelligentCAD,intelligentOA,intelligent

CAI,andintelligentrobotswhichwillalsobe

realizedinthefifthgenerationcomputer

systemareshowninFigure4-2.

Fig.4-2SystemstructUre

Allapphcationsystemsarecomposedof

threesubsystems,namely,interactive,proces-

singandmanagementsystems.Thesethree

subsystemswillbeproportionallydifferent

fromapPlicationsystemtoapPlicationsystem.

ThesesubsystemsareillustratedinFigure

4-3.(seenextpage.)

Showhlgtheirmutualrelationshipand

intemaloperationtoclarifythevariousfunc-

tionstheyperfomSpeech,naturallanguages,

picture,㎞agesortheircombinationsareused

toputaquestiontothesystem.Theinterac-

tivesystemutilizestheknowledgeinherentin

langtiagesorpicturetoanalyzeastructure

(construction)andconvertitintoaninternal

(intermediate)expressionsuchasananatomi-

caltree.Then,ananalysisismadeofthat

meaningincontextandadescriptionofthe

problemisextractedfromthat.This,how-

ever,isincompleteduetoomissionsandthe

like.Aknowledgeusedhereaboutcontext

andbackgroundknowledge,whichisoneof

theknowledgesusedatthistime,isinfo㎜a-

tionrelatedtothebackgroundandflowof

theconversationtakingplace.Theprocessing
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systemconvertstheincompletedescription

lntoacompletedescriptionusingitsknowl-

edgeaboutproblemdomains,andgenerates

andanswertothedescription.Atthistime
,

opeationssuchaseffectiveutilization(infer-

ence)oftheknowledgeaboutproblem

domainsandstorage(learning)ornewknowl-

edgeareeffected.Thegeneratedansweris

thenconvertedintoasummarizedanswerby

gettingridofunnecessaryself-evidentinfbr-

mation.Thereafter,thissummarizedanswer

isconvertedbytheinteractivesystemintoan

intemalexpression,whichintumisconverted

intoanextemalexpressionunderstandableto

man・Inthisway,oneconversationalcycleis

completed.Duringthiscycle,themanage-

mentsystemoverseesavarietyofknowledges

foreffectingcommonoperationsofinference

andlearning.

4.2.3Animageofthecompositionofasoft-

waresystem

Animageofthecompositionofasoftware

systemfbrrealizingvariousapPlication

systemsisshowninFigure4-4,thesoftware

systemdirectlyreflectingthestructureof

apPlicationsystems.

(1)Basicsoftwaresystems

Thesewillbethecoreofallsystemsand

consistofaproblemsolvingandinference

system,aknowledgebasemanagement

system,andaninteUigentinterfacesystem.

Thesesystemscorrespondrespectivelytothe

problemsolvingandinferencemachine,the
knowledgebasemanagementmachine,and

theintelligentinterfacemachine,andmaybe

defmedasthosewhichcannotbeconstituted

ashardwareinrealizingfunctions.

(2)IntelligentsystematizationsupPortsys-

tems

Thesewillbeagroupofsystemswhich ,in
designingandproducing(systematization)

optimuminformationprocessingsystemsfor

variousapplications,willhaveknowledge

aboutwhatistobeproduced,production

processes,andthehkeforgreatlyreduc口lg

theamountofworkwhichmanwilldoin

systematization.Thesesystemsincludesub-

systemswhichleadfromastrictspecification

descriptionlanguageandadescribedspecifica-

tiontowhatistobeproduced,orasub-

systemforverifyingcorrectlless,andasub・ ・

systemforsimulatingoperations,andthe1∬(e .

ItalsocomprisesthreesupPortsystems,that

is,aninteUigentprogrammingsystemfor

handhngprograms,aknowledgebasedesign

systemforhandlingaknowledgebase
,andan

illteUigentVLSIdesignsystemfbrhandling

VLSIchipsandcomputerarchitectures.

(3)Intelligentutilitysystems

Thesewillbeagroupofsystemswhichwill

providesophisticatedfunctionstofacilitate

utilizationofthesystemitself.Thesewillbe

comprisedofasystemformaintainingtrans-

ferabilitytotransferstoredprogramsanddata

basesfromexistingcommercialmachinestoa

targetmachine,asystem-explanationand

「 一 一 ー ー ー ー 一 一 一 一 下 一 一 一 一 ー ー 一 一 ー ー 一 一 「
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educationsystemforexplainingthefunctions

anduseoftheoverallsystemandsubsystems

andforrespondingtouser'sconsultation ,an
intelligenttroublediagnosisandmaintenance

systemforautomaticinspectionandrecovery

andforguidanceandconsultationabout

mspectionandrepairofcomplicatedtroubles ,
andothersystems.

へ
(4)Basicknowledgebases

Universalknowledgeusedbythesystem

itselfanduserswillbearrangedasbasicknowl-

edgebaseswhicharecomponentsofthefore-

gomgsystemsandareemplyableinapplica-

tionsystemswhichuserswillmake.Thereare

largelythreeknowledgebases:ageneraI

knowledgebasesimilartocommonsense;a

systemsknowledgebasewhichwillgather

knowledgerelatedtosystems;andanapplied

fieldsknowledgebasewhichwillgather

togetherknowledgeaboutcertainapplied

fields.Thegeneralknowledgebaseincludes

bases'ofbasicwordsbfeverydayuse,basic

sentencepatternsandbasicscripts,abaseof

dictionariesofvariouslanguagesandsentence

constructionrules,andotherbasesrelatedto

naturallanguages.Thesystemsknowledge

baseincludesbasescontainingspecifications

forthesystemitself,suchasaprocessorspeci-

ficationdescriptionbaseandanoperating

systemspecificationdescriptionbase,a

langμagemanualbase,aprogrammodule

basecontailingprogramswhicharehighly

usableandotherbases.Theapphcation

knowledgebaseincludesaVLSIdesign

technologybase,acomputerarchitecture

base,abasicprogrambase,andotherbases.

(5)BasicapPhcationsystems

Thisgroupofsystemswhichwillbedeve-

lopedasbasicapplicationsystemsand.have

respectivefinaltargetperformances.These

systemswillbehighlyworthutilizationand

beasourceofknowledgebasesandsophisti-

cated-functionmodulescommonlyusableby

variousapPlicationsystems.Thesystemsare

largelyclassifiedasfollows:

.Machinetranslationsystem

.Questionansweringsystem

.Apphedspeechunderstandingsystem

.Apphedpictureandimageunderstanding

system

.AppliedproblemsolvingsyStem

4.2.4FutUreofhardwaresystemstructure

(1)Aprofileofthefifthgenerationcomput-

er .systems

Fifthgenerationcomputersystems,cover-

ingallsizesfromthesmallonesforpersonal

usetothelarge-scalecomputers,willfind

appHcationinvariousfields.Thesewil1血1-

cludemachinesforexclusiveuseaswell,

incorporatingparticularstrengthenedfUnc-

tionsIU(etheexistingdatabasemachines

groupedintoacommunitybyalocalnet-

work.

Thecomputersinthiscommunitymaybe

classifiedaccordingtotheirabiHties,butm

sofarastheywillshareacommonprogram-

minglanguage,theymaybelooked'uponas

membersofanewcomputerfamily.

Fromthestandpointoftheirbasicsoftware

interface,thesecomputersshallhavethree

functionalcomponents.Thesearelisted

belowsidebysidewiththecorresponding

components(inparentheses)oftheexisting

computersystems.

1)Problemsolvingandinferencemachines

(CPU)

2)Knowledgebasemanagementmachines

(Memoryandfilingsystemwithvirtual

memory)

3)Intelligentilterfacemachines(1/O

channelsanddevices)

Thesethreecomponentswillfbrmpartof

eachandeverycomputersystem.Agenera1-

purposefifthgenerationcomputersystemwill

beequippedwitheachofthesemachinesin

substantiallythesameproportion,whereasa

smallsystemwiththesamestructurewill

formagenera1-purposefifthgenerationper－
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sonalcomputer.

Acomputersystemwithenhancedproblem

solvhlgandinferencefunctionwillbereferred

toasaproblemsolvingandinferencecom-

puter.Thiswillfindapplicationinfieldslike

consultationrequiringprofessionalknowl-

edge,callingfbrstrongab皿itytoinfer.Sys-

temswithreinforcedknowledgebasemanage-

mentfunctionwillbeca皿edaknowledgebase

computers.Liketheexistingdatabase

machines,theywillbeappliedinfieldsrequir-

ingstorageof`Knowledge'inlargemasses.

Computersincorporatinganenhanced

inteiligentinterfacefunctionwillbeprovided

withaninterfacewithvarious㎞teractive

media,speech,pictureandimageaswellas

thosebasedonnaturallanguages.Itwillbe

possibletousethesemachinesindependently

orincombination.

Figure4-5projectsaconceptualinageof

thegeneralfifthgenerationcomputerconfigu-

ration.

Computerfunctionswillbeavailableat

variouslevelsandtheircombinationswiU

createawiderangeofmachinescoveringboth

thesmallpersonalcomputersandlarge-scale

machinesincorporatingeachfunctiontoits

maXlmUmeXtent.

(2)Profileofthestructuresofmachinesserv-

ingdifferentfunctions

Hardwarearchitecturesshapingthefunc-

tional・componentswillbebasedonacombi-

nationofsixmachines.Thesearethesix

machinesthatarebeingstudiedasthelikely

candidatestoestablishthenewarchitecture.

Themachineswillbesocombinedbyadopt-

ingthedistributedfunctionarchitectllre,

namelybyapplyingthemodularization,

adoptation,andmicroprogrammingtech-

nlques・

Forthesmallercomputersofmoderate

performance,aflrmwarebasearchitecture

builtuponillnovativevonNeumanntech-

niquewillbeadopted..Languageinterfaces

willcenteronnewlanguagesofboththe

predicatelogicandabstractdatatypes.Thus,

theresultsofstudyonboththelogicprogram-

mingmachinesandabstract-datatypesupport

machineswillbemadeprogramminguseof.

Forthepowerfullarge-scalecomputers,

datafbwmachinesincludingfunctional

machineswillserveasthecoretechnology.

FOrtheproblemsolvingandinferencecom-

puters,theexecutionpartinthelogicpro-

grammingmachinewillusealarge-scaledata

flowmechanismforitsexecution,andthe

knowledgebasewillbeprocessedbyasmaU-

scalehigh-speedrelationalalgebramachine.

Therelationalalgebramachinewillusea

suitabledataflowmechanismforitsexecu-

tion.

Alarge-scaleknowledgebasecomputerwill

useasitscorealarge-scalerelationaldata

basemachineincludingarelationalalgebra

machine.Resultsofstudiesontheabstract

datatypesupportmac1血eswillalsobeused.

Thesupportinghardwareintheintelligent

interfacesystem・willincludeaVLSIprocessor

forexclusiveuseinspeechandasignalproces-

sors.Datanowmachinestec㎞iques,includ-

ingfunctionalmachinetechniqueswillbe

usedfrequentlyinhigh-speedoperations.

Thedataflowmachinewillconstitutethe

basicexecutionmechanismforhigh-speed

processing,andhenceshouldbetakenupas

oneofthemainsubjectsfbrresearchand

development.

Anumber .ofcustomizedVLSIsareindis-

pensableforthemachines,and,therefore,

developmentofVLSI℃ADtoproducesuch

VLSIsinashortperiodistobetreatedasthe

mostimportantthemefromthestandpoint

ofpackaging.

(3)Macroimageofthefifthgenerationcom-

puterstructure

Fifthgenerationcomputerswillbelinked

tocommunicationsystemstoformaglobal

networksuitableforvarioussocialorganiza.

tions.Potentially,・eachnodeinsuchaglobal

network,thatis,eachcomputersite,will

－36一

⑨

●



'

■

●

Highlevelinquiry

language

Knowledgebase

management

system

Knowledgebase
mallagementsyStem

Knowledgebase
machine

Relational

algebra

RelationalData

basemachanism

Accessusingnatural
language,speech

pictureetc.

Intenigentinterface
system

Core
language

Problem-solving&

inferencesystem

Problem-solving&
inferencesystem

Problem・solving&inferencemachine

Logicprogrammilglanguage

∈

・令一

七
〇
α

雪

口
唱

エ
8
∈

吟
a

日

田
冨
£
<

Intelligenti皿terface

system

lntel㎏ent

interface

machine

Externalinterface

ofthebasic

softwaresystem

Basicsoftware

system

Hardwaresystem

Distributedfunction

networksystems

Fig.4-5 Basicconfigurationimageofthefifthgenerationcomputersystems

－37一



constituteasystemconnectedbyalocalnet-

worktotwoormorecomputers.Thelocal

network,capableofhigh-speeddatatransfer,

wi11connecttogethercomputersofdifferent

functions,includingthesmaUerpersonnel

computers,thusmakingupasingleasawhole

genera1-purposegroup(community).

Asthemacro㎞agesuggests,afifthgenera-

tioncomputersystemwillbeacollectionof

computersservingdifferentfunctions:a

sma皿,general-purposepersonalcomputer,a

khowledgebasecomputer,andaproblem

solvingandinferencecomputer,aUcollnected

byalocalnetwork.

Inprinciple,thecomponentcomputerswiU

haveacommonprogramminglanguage.

Thesecomputers,therefbre,w姐formacom-

puterfamilylinkedbyacommonlanguage

eventhoughtheymaybeintendedtoserve

exclusivepurposeswithoneortheotherof

thefunctionsenhanced.

Astructureofthisnaturewillhelpbuildup

aflexiblecomputersystemsuitablefbrthe

intendedapPlications.Astheabovesuggests ,
hardwareandsoftwareresearchanddevelop-

mentforfifthgenerationcomputersystems

shouldbesocarriedoutastoallowthemto

beconnectedbylocalandglobalnetworks.

4.3Researchanddevelopmentthemes

Thereareinal126themesonwhichre-

searchmustbecarriedouttodevelopthe

fifthgenerationcomputers.Thesearegrouped

intoseven口1Table4-2.Theseresearchand

developmentthemesaresummarizedinTable

4-3.

●
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Table4-21temsinresearchanddevelopmentofthefifthgenerationcomputersystems

BasicapPUcationsystems 1-1)Machinetranslationsystem

1-2)Questionanswe「ingsystem

l-3)Apphedspeechunderstandingsyste㎡・
1-4)AppHedpictureandimageunderstandingsystem

1-5)Apphedproblemsolvingsystem

Basicsoftwafesystems 2-1)Knowledgebasemanagementsystem

2-2)Problemsolvingandinfεrencesystem

2-3)Intelligentinterfacesystem

Newadvanced・architecture 3-1)Logicprogrammingmachine

3-2)Functionalmachine

3-3)Relationalalgebramachine

3-4)Abstractdatatypesupportmac㎞e

3-5)Dataflowmachine

3-6)InnovativevonNeumannmachine

Distributedfunctionarchitecture 4-1)Distributedfunctionarchitecture

4-2)Networkarchitecture

4-3)Databasemachine

4-4)High-speednumericalcomputationmachine

4-5)High-levelman-machinecommunicationsystem

VLSItechnology 5-1)VLSIarchitecture

5-2)IntelligentVLSICADsystem

Systematizationtechnology 6-1)Intelligentprogrammingsystem

6-2)Knowledgebasedesignsystem

6-3)Systematizationtec㎞ologyfbrcomputerarchi-

tecture

6-4)Databaseanddistributeddatabasesystem

DevelopmentsupPorting

technology

7-1)Developmentsupportsystem
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Table4-3Contentsofresearchanddevelopmentthemes

Itemgroup

・BasicapPlicationsystem

Abasicapplicationsystemrepresentingfunctionslikehearing,speaking,seein9,

drawing,thinking,andproblemsolvingwillbestudiedanddeveloped.

R&Dthemes

● Machinetranslationsystem

Resultsofresearcheshl documentationtec㎞iquesandartincialinteUigencefor

knowledgeutilizationwnlbecombinedtogethertoresearchanddevelopaninte一

gratedmulti-1ingualtranslationsystem.

R&Ddetails

●Designhlgamachine translationsystemanditscore

●Developmentofthegrammarsforthelanguages

●Developmentofsentencegeneratinggrammars

・Developmentofanintegratedmachinetranslationsystemwithroomforoperator

interVentiOn

・Developmentofaspecializedtermillologydatabase(knowledgebase)

●Developmentofamachhleforthespeciahzedterminologydatabase

●Developmentofhigh4evelwordprocessingtechniques

Targetsandspecifications

●Numberofwordsto behandled:100,000words

●Machinemustassure90%accuracy,andtheremaining

10%istobeprocessedbythetranslators

・Thesystemmustservegeneralpurposescomputerizingallthejobsincludingtext

compilationtoprintingoftranslateddocuments

・Translationcostmustbe30%orlessthanthatbytranslators

40一
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Itemgroup

●BasicapPlicationsystem

ThemesinR&D

● Questionansweringsystem

Researchanddevelopment ofaquestionansweringsystemforvariousspeciaUzed

fieldsincludingtheintelligentCAE/CADsystem,DSS,andmtelligentrobots.

R&Ddetails

●Conversationanalysis technique

●GraphicdataI/Ounits

●SpeciaUzeddatagenerating

●Inputerrorprocessingtechnique

●Naturallanguagesubsetdesigninganddevelopmentofgrammars.anddictionaries

●Synthesistechnique

Targetsandspecifications

●Aninterhntargetto beachievedin5yearsistodevelopatrialquestionanswering

systemforlimiteduseinparticularspecializedflelds.

●Numberofwords:2,000words(Japanese)

・Theusermustprovidesupplementaryin飴 ㎜ationtoe㎞inateambiguity.

・Numberofinferencerules:1,000

●Theinterimexperimentalquestionansweringsystemwillbeevaluated
,andproto一

typequestionansweringsystemswillbedevelopedforvariousspecializedfields .

●Numberofwords:5
,0000rmore

●Numberofinferencerules:10,0000rmore

Remarks

● Willbeusedforthedevelopmentofanintelligentutilitysystem .
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Itemgroup

・BasicapPlicationsystem

ThemesinR&D

● AppHedspeechunderstandingsystem

Researchanddevelopmentofaspeaker identificationsystemaspartofageneral－

purposespeechrespondingsystemfbrinputandoutputinmachinetranslation,a

phonetictypewriter,andatelephonicinquirysystem.

R&DdetaUs

・Developmentofaphonetictypewriter

●Developmentofaspeechrespondillg・system

・Developmentofaspeakeridentificationsystem

Targetsandspecifications

●Phonetictypewriter

(1)Inte血1target:Asystemwithofs㎞plesentenceconstructiondatatohandle

severalhundredstoseveralthousandwords.

(2)Finaltarget:TohandleaboutlO,000wordswithsimultaneousmeaning

analysis,automatic'errorco∬ectionduringspeechrecognition,andgenerating

asawholecomprehensiblesentences.
r

・Speechrespondmgsystem

(1)Inter㎞target:Hand血lgseveralthousandswordsmainlythroughanalysis

andsynthesissystem.

(2)Finaltarget:Caphandhngabout10,000words,comprehendingthemeaning
ofquestionstobeanswered,anddevelop口lgasophisticatedstructureto

enablenaturalconversation.

・Speakeridentificationsystem

(1)Inter㎞target:Identifyhlgfiftytosixtyspeakers.

(2)Finaltarget:Identifyhlgseveralhundredsofspeakerswithinapracticable
口1terva1.

「
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Itemgroup

・BasicapPlicationsystem

ThemesinR&D

● Appliedpictureandimageunderstandingsystem

Developmentofasystemforstructuralstorageofpictureand㎞agedataandeffec-

tiveretrievalofsuchinformationtoprocessintelligence.

R&Ddetails

・Researchonapictureandimagedatastorageandretrievalsystemimageinfoma-

tion

●Developmentofalanguagesystemtoretrievepictureand㎞agedata

●Developmentofapictureandimagedatabasemachne

・Developmentofasystemtostoreandretrievepictureandimagedata

Targetsandspecifications

●ApictureandimagedatabasemustcontainaboutlOO,000retrievablepictureand

imagedataitems.

●Thesystemmuststore
.pictureand㎞agedataklcludingabstractdeUneationswithin

afewseconds.

・Pictureandimagedatamustberetrievablewithin100msec.ontheaverage.

●Interimtargetinthestage:about10,000pictureandimagedataitemstobe

handledandprocessedatabouthalfthespeeda㎞edinthefinaltarget.

●

■
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Itemgroup

●BasicapPlicationsystem

ThemesinR&D
.

■ AppUedproblemsolvingsystem

Developmentofa 飴㎜ulaunderstandingsystemoutputtingan"answer"tothe

"problem"input
,therebysolvinggeneraladvancedproblems.Alsodevelopmentof

asystemplayingtheGo-game.

R&Ddetans

● Rese訂chonabasicfo㎜ulaunderstandingsystemformathematicalexpressions ,

●Developmentofformulaunderstandingsystem

●ResearchasabasicsystemtoplaytheGo-game

●DevelopmentofasystemtoplaytheGo-game

Targetsandspecifications

'●Formulaunderstand㎞9
system

(1)Intedmtarget:Systemwithaknowledgebasecombiningtlleperfomances
oftheexistingMACSYMAwithinequalitiesandsimpleequationsprocessing

function.

(2)Finaltarget:Aknowledgerepresentationandproblemsolvingsystemrelated
toformulacombiningsophisticatedformulamanipulatingalgorithm .

●Go-gameplayingsystem

(1)Interimtarget:Asystemhavingaplayingstandardequivalentmoreorless

toamateursubgradelO.

(2)Finaltarget:Asystemhavingaplayingstandardequivalentmoreorlessto

amateurgrade1.
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`●

◆

「●



■

万

●

■

Itemgroup

●Basicsoftwaresystem

ThiswillcOnstituteoutcoreof「thefifthgenerationcomputersystems.Agroup-of

modulescorrespondingtobasicin品 ㎜ationprocessingfunctions(management,

process㎞g,j㎞teraction)willberesearchanddeveloped.

ThemesinR&D

● Knowledgebasemanagementsystem

ResearchanddevelopmentofinteUigentsystemmanagementtec㎞iquestofo㎜at

andstorehumanknowledgeinacomputertout血zeitandsupporttheuserinsolv一

ingproblems.

R&Ddetails

●Researchonknowledge representationandutilizationtechniques

●Knowledgeacquisitionandlearnhlg

・Researchonalarge-scaleknowledgebasesystem

・Developmentofaknowledgebasemanagementsystem

・Developmentofaknowledgebasemachine

Targetsandspecifications

●Knowledgebasemanagementsystem

(1)Inter口ntarget:Simultaneousmanagementofrulesanddata,todatabase

accessoptimizationmechanism,amechanismforelimhlateinconsistencies,

andinterfacewithaninfbrencemachine.

(2)Finaltarget:Amultiple-worldknowledgebase,adistributed-knowledgebase,

learningbasedoninductiveinference,fusionwithaninferencemachine

・Knowledgebasemachine

(1)Inter㎞target:Storageandretrievalof2,000nllesand1,000,000dataitems

(103Bperoneitem)

(2)Finaltarget:Storageandretrievalof20,000rulesand100,000,000data

items(100GB)
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Itemgroup

●Basicsoftwaresystem

ThemesinR&D
¶

● Problemsolvingandinferencesystem

Thjsw皿constitutethecoreofthe processingfUnctionsinthefifthgeneration
computers.BasictechniqueswUIberesearchtodevelopaproblemsolvingsystems

byestabhshingaprocessmgmodeloftheproblemsolvingandinfbrencesystems
,

andtoexplamitsprocessingab皿itytheoretically .

R&Ddeta皿s

● Researchonproblem弍01v㎞gandinferencealgorithm

.Developmentofacodinglanguagetosolveproblems

・Developmentofaninferencemachhle

Targetsandspec正ications

●In飴rencemachme

(1)Finaltarget:Perfo㎜anceofabout102-103MegaLIPS

・Codinglanguagetosolveproblemsmustsupportfunctionalandlogicprogramming

aswellasobject-orientedmodularprogramming.Programmodulesgenerated

wUl飴 ㎜aknowledgebasedso負warecomponentforeffectiveuseinintelUgent
・

P「ogrammmg.

Remarks

●LogicalInferenceper Second

1LIPS(LogicalInferencePerSecond)meansonesyUogisticinferencepersecond .
Oneinferenceoperationinthecurrencyusedcomputersisconsideredtorequire

100-1,000steps,andhencelLIPSisequivalenttolOO-1 ,0001PS(Instructions
PerSec.)

Machinesofthepresentgenerationfeatureapprox㎞ately104-105LIPS .
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Itemgroup

●Basicsoftwaresystem

⑨

ThemesinR&D

「
● Intelligentinterfacesystem

Researchanddevelopment ofatechniquefbrflexibleconversationalf已nctionsand

e㎞1inationofthelanguage(includingnaturallanguages
,speechandimage)gap

betweentheuserandhiscomputer .

R&DdetaUs.

Naturallanguageandspeech system

●Parsing(syntacticanalysis)

・Semanticanalysis

・Discourseanalysis

●Sentenceconstruction

●Constructionofalanguagedatal)ase

●Naturallangaugeprocessor

●Multiple-languagebasicgrammargeneration

●Researchonphonemeidentificationsystem

、 .Researchonsentenceund
lerstandingsystem

・Researchonspeechsynthesyssystem

・Researchonsystemtorecognizethedifferencesbetweenindividualspeakers

・Developmentofaspeechunderstandingsystem

Targetsandspecifications

・Aman-machine communicationtechniquebasedonnaturallanguageorspeech

data,providinganinteUigentman-machineinterface .

●

●ThenaturallanguageandspeechsystemwithfulfUthefollowingtarget:

(1)Vocabularytobehandledwithcovercomputerandonebranchofscientific

●

andtechnologicalte㎜inology,willincludespecializedaswellas丘equently

usedte㎜s.

(2)Thesystemmustadaptitselftospeakersandcommunicatewithunspecified

speakers.

(3)ThesystemmustbecapableofspeechoutputinJapaneseandEngHsh.

(4)Thesystemmustidentifyspeechsignalsonalmostrea1-timebasis.

一47一



Itemgroup
、

・Basicsoftwaresystem

ThemesinR&D

、
● Inte1Hgentinterfacesystem

R&Ddetails

Pictureandimagesystem

●

●

●

●

●

Researchonpictureandimageconstructiontechnique

Researchonpictureandimagegeneratingalgorithm

Developmentofsystematizationtechnology

Developmentofpictureandimageprocessors

Researchtointerrelate .naturallanguages,pictureand㎞age

Targetsandspecifications

(1)

(2)

(3)

(4)

Developmentofsoft-andhard-waretoenablesmoothuserinteractionwiththe

computerthrough'pictureandimagemedia.

Pictureand.imagetobehandledwillbeancomplexas,respectively,mediumsmall

scalemachinedrawings,andphotographsfbrmedicaluse.

High-speedinformationprocessingtoallowsmoothman-machineinteraction.

Theilterimtargetistohandle70%ascomplexpictureand㎞ageasareaimedin

thefinaltarget.Fortheinterimtargetemphasiswillbelaidonthemethodof

processingratherthantheprocessingspeed.

●

■
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Itemgroup

・Newadvancedarchitectures

Researchwillbemadetoenabledthefifthgenerationcomputerarchitectureto

satisfytheknowledgedataprocessingsystemrequirements .

.

ThemesinR&D

● lLogicprogrammingmachine

Studyanddevelopmentof thenecessaryarchitecturestosupportinferencesanda

computationalmodelbasedohpredicatelogicwithapowerofexpressionapproxi一

matingnatUrallangUageS.

R&Ddeta皿s

・Developmentofand incorporatmgthepredicatelogic

・PROLOGsystem

・Newlanguagesystem

・Developmentofthebasictechnology

・Research .onparallelsystems

・Developmentofspecial-purposemechanisms

●Logicprogrammmgmachine

(1)Firrnwarebasemachine................0.lMegaUPS

(2)Personallogicprogrammingmachine......0.1-lMegaLIPS

(3)Parallellogicprogrammingmachine.......50-60MegatolGigaLIPS

Remarks

.Developmentoflanguagesand aprocessingsystems

●ExtendedPROLOGlanguage

●Newlogicprogramminglanguage
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Itemgroup

・Newadvancedarchitecture

ThemesinR&D

・Functionalmachine

Developmentof architecturestosupportafbnctionalmodelandprogramming

languagesuitableforsymbolmanipulation,bothbasedontheory

R&Ddeta且s

● Developmentofafunctionlanguage(includingLISP)

●Methodofcodingforpara皿elprocessing

・ParaUelcomputationmode1(datanowmode1) .

●F㎞1warebasedLISPmachine

・UHMforsymbolmanipulationanditsVLSI

・Methodofinterconnectingtheprocessors

・AsSociativeprocessorandassociativememory

Targetsandspecifications

(1)PersonalHSPmachine
Tobetwoorthreetimesagenera1-purposecomputer(4MIPS)inlistprocessing

capacity

(2)ParaUelreductionmachine
Tobetent㎞esonagenera1-purposecomputer口11istprocessingcapacity

(3)Dataflowfunctionmachine

Tobeseveralhundredstoseveralthousandstimesageneral-purposecomputerin

capacitylistprocessing

一50一
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Itemgroup
'

●Newadvancedarchitectures

ThemesinR&D
A

● Relationalalgebramachme

Researchtodevelopa machinearchitecturestohandle,say,setoperations,using

relationalalgebra(constitut口1gthecoreoffUturedatabasesystems)astheinterface

1anguage.
ン

R&DdetaUs

・Developmentofan interfacelanguageandaprocessingsystem(relationallogic,

relationalalgebra,basicmachineoperations)

・Developmentofadatabasemanagementsystem

.Developmentofthealgorithmforbasicmachineoperations

.Developmentofmachinearchitectures.

●Developmentofprocessorelementsandconnectivehardware

OBuUdingupamemoryhierarchysystemanddevelopmentofmemorydevices

Targetsandspecifications

●Numberofprocessor elementsintheparaUelprocessors

(1)Inter㎞target:Notmorethanhundred

(2)Finaltarget:Atleastfivetosixhundred

●Storagecapacity

(1)Smallcapacityforhighspeedoperations:10-100MB

(2)Mediumcapacityfbrmediumandhighspeedoperations:100M-10GB
・(3)Largecapacityfbrlowandmediumspeedoperations:10 -1

,000GB

Remarks

●Tobecloselyrelated todatabasemachinesandsupporttherelationaldatabase

systems.
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Itemgroup

●Newadvan㏄darchitecutres

ThemesinR&D

● Abstractdatatypesupportmachine

Researchanddevelopmentofamemorystructureandprocessorfunctionshlthe

futurecomputerstoprovidesystemarchitecturesupporttomodularizethevast

andcomplexsoftware.

R&Ddetails

●Arrangementandsystematizationofanabstractdatatypemode1
,andresearchand

developmentofalanguagesystem

●Mappingf㌃omthespacehandledtothephysicalresources

●Garbageco皿ection

●Structuredmemory

,・Abstractdatatypeprocessorsandarchitectures

●ParaUelprocessing

●Others(1/0,relationshipwiththeconventionallanguages
,OS,DB,distributed

processing)

Targersandspeciflcations

(1)DevelopmentofaboutlOOparaUelvonNeumannabstractdatatypesupportma-

chine

(2)Developmentofaboutl,000paraUelnon・vonNeumannabstractdatatypesupport

machine

Remarks

・MustbeCloselyrelatedtologicprogrammingmachinesandfunctionalmachines .

・・.一

.w
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Itemgroup

・Newadvan㏄darchitectures

ThemesinR&D

● Dataflowmachme

Researchonanarchitecturebasedonadataflowmodelorientedtoparallelproces一

singtherebyachievhlgsophisticatedparaUelprocessing.

R&Ddetails

●Designofamachine inStruCtiOnSet

●Designofahigh-levellanguagefbrdataflow

●Dete㎜inationoftheoveraUstructureofthemeachines

●Configurationofthenetworkconnected,

・Developmentofastructuredmemory

・Estabhshmentofanactivitycontrolsystem

●MethodofdevelopmgOSfunctions

●Countermeasuresaga㎞sttroublesandprotectionplans

●StructureaUowingcombinationwithaconventionalmaChines

●Developmentofaprototypedataflowmachine

・Developmentofapersonaldataflowmachine

・Combmationwiththedatabasemanagementfunctions

-一 一.

Targetsandspecifications

(1)Initialtarget: 16processorswithamemoryof8MB(basicoperatinglevel.)

(2)Inte血1target:100processorswithamemoryof100MBandachieving50MIPS

(practicableuse).

・Processornetworks:StructuredtoaccommodateLSIs

Consistof103-104processors

(3)Finaltarget:Anextrahighづpeeddataflowmachine,103-104processorswitha

memoryofl-10GBand1-10BIPS.

・Personaldataflowmachines

32processorswithamemoryof10MBandachieving10MIPS.

「

Remarks

・Closelyrelatedto parallellogicprogrammingmachines,parallelfunctionalmachmes

etc.
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Itemgroup

●NewadvancedarchitectUre

ThemesinR&D

● InnovativevonNeumannmachine

DevelopmentofarchitecturewithinnovativevonNeumannmachnesretainingtheir

originaladvantagesandwithsophisticatedVLSI.

R&Ddetails

.InnovativeVLSIvonNeumannarchitecturewithrespectivelyonemi1Honandten

m皿Hontransistorsperchip

●Researchofanarchitecturedatabase

●Developmentofmicro90(o句ect-orientedarChitecture)

Targetsalldspecifrlcations

(1)

(2)

Interimtarget:Aprocessorwithonem且 且ontransistorsperchipfortheinnovative

vonNeumannmachines

Finaltarget:Aprocessorwithtenm輌11iontransistorsperchipfortheinnovativevon

Neumannmachines

、

,

、

⑱
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Itemgroup

・Dist亘butedfunction architecture

' DevelopmentofanarchitecturetocombinetheVLSIarchitectureswiththeneVv,

advancedones,usingVLSIwith㎞portanceattachedtoprogressivearchitectures.

●

ThemesinR&D

● Distnbutedfunctionarchitecutre

DevelopmentofadistributedfUnctionarchitectureconsistentlyassurmghigheffici一

ency,highreHab且ity,s㎞pleuseandconstruction,easyadaptabUitytofllturetech一

nologica1㎞provementsandthe.diffξrentmachine/systemlevels,andsophisticated

functions.

R'&Ddetails

(1)Developmentofabasic distributedfunctionsystem

●Establishmentofalogicmode1

・Establishmentofvariousarchitecturesystem

●Dynamicarchitectures

●Implementation

・Specialpurposemachinedevelopmenttechniques

w

(2)Developmentofanexperimentaldistributedfunctionsystem
●Personalcomputer

●High-levellanguagemachjnegroups

●Localnetworks

(3)Developmentofanmtegratedsystem

.

■

■

一55一



Itemgroup

●Distributedfunction architectu㈹

ThemesinR&D

● Network .architecture

Thjsarchitecturewi1 bemeanttolooselycouplecomputersystemsspacedapart.

Developmentofthetechniquestocombinesystemswithaglobalnetworkand

buUdupadist亘butedin飴 ㎝ationsystembasedonthehigh-speedlocalnetwork

tobeavailabletothefifthgenerationcomputer.

R&Ddeta皿s

・Standardizationofnetworkarchitectures

・・ ●Protocolcoding
,generating,andverify㎞gtechnique

●NetworkOSdevelopmenttechnique

●Mult㎞ediaprocessingtechnique

●Datasecuritymechanism

●VIプSItechnology

●Opticalfibercommunicationtec㎞010gy

.SateUitecommunicationtechnology

●Localnetworks

.
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Itemgroup

●Distributedfunction architecture

ThemesinR&D

● Databasemachine

Developmentofspecial-purposeinachinewithanarchitecturesuitabletoprocess

databasesandcapableofhigh-speedaccessinglarge-capacitydatabases.

R&Ddetails

● Researchonnewadvancedarchitecturetoprocessdatabases(non-numeric)

●Researchondatabasemachinewithsophisticatedfunctions

●Researchonaman-machineinte㎡aces

●Researchondist亘buteddatabases

・Researchontechniquesforconversionf㌔omoremulationofexistingdatabases

●ResearchoneffectiveusenewdevicestobebasedonVLSI

●Collectionandanalysisofbasicdatatodesigndatabasemachines

・Developmentofexper㎞entalmac㎞es

●Developmentofpracticallyfeasiblemachines

Targetsandspecifications

(1)Exper㎞entalmachines

●Capacity:UptolOOGB

●ProcessingabUity:103transaction/sec

・Datamodel:Relationa1

(2)Practicablemachines
・Capacity:Upto1

,000GB

●ProcessingabUity:104transactions/sec

●Datamodel:Relational

(Tosupportconversionfromandemulationofthedatabaseofanothermodel)

ン
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Itemgroup

●Dis垣butedfunction architecture

ThemesinR&D

● High-speednumericalcomputationmachine

Developmentofspecial-purposemachine fbrhigh-speedscientificandtechnical

computationfor,say,numerics㎞ulationtoreplaceexpe亘ments.

R&Ddetails

●High-speedlogicdevices

●High-densityimplementationtechnology

●Coo㎞gtechnique .

●Architectures(logicalspecifications)

●High-speednumericalcomputationtechnique

●Special-purposeoperatingsystems

●High-levellanguagecompUers

Targetsandspeci負cations

●Development ofprocessorelements(40-100MFLOPS),usingnewhigh-speed

devices

●Processorelementsofabout4MFLOPSwillbedeveloped .Also,aparallelproces一

shlgsystemwillbedevelopedtosimultaneouslyoperatel,000suchprocessorele一

mentstodevelopanoverallperfo㎜anceofaboutlBFLOPS.

●HeadpertrackdiskofsomefiftytosixtyGB .

■

●

q

`
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Itemgroup

●Disthbutedfunction architecture

-ThemesinR&D

● High-1evelman-machinecommunicationsystem

Developmentofasystemtoinputandoutput characters,speech,pictureandimage

andinteract(㎞teUigence)withtheuser

R&Ddeta皿s

●Devicestoinputand outputcharacters(㎞cludjngChjnesecharacters)

●Devicetoinputandoutputpictureand㎞age

●Devicetomputandoutputspeech

●Developmentofanintegratedsystemtoillputandoutputcharacters
,speech,

pictureandimage

Targetsandspecifications

●Character(㎞cludj皿9 Chinesecharacters)in-andout-putsystem

(1)Inter㎞target:Adisplayunitwitha曲1putfunctonfor3,000-4,000

charactersinfourtofivedifferenttypefaces.

(2)Finaltarget:AdditionalfunctionsaUowingillputofChinesecharacterstoge一

therwithspeech, replacementofん αηα(the Japanesesyllabary)bytheChjllese

charactersand viceversa,andmeaningcomprehension.

●Pictureandimagein-andout-putsystem

(1)Inter㎞target:Atabletcoordmatesinputdevicewith5,000x5,000-10,000

x10,000dots.

(2)Finaltarget:Moreadvancedintelhgentfunctionsbasedonspecificationslaid

downintheresearchthemefbrappliedpictureandimageunderstanding

system.

・Speechin-andout-putsystem

(1)Inter㎞target:Abilitytoidentify500-1,000words.

(2)Finaltarget:Moreadvancedinte伍gentspeciflcationsaslaiddowninthe

researchthemeforaDpliedspeechunderstandingsystem,includ㎞gameaning

comprehensionab且ityandcapab伍tytopartyhandlenaturallanguages.

●Integratedte㎜inalwithamultimediainputandoutputfunctions

AlltheabovefunctionswillbecombinedonVLSIbasistodevelopintegratedper一

sonalcomputertermillals.
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Itemgroup

●

■

●VLSItechnology

DevelopmentofarchitecturesmakingfullutihzationofVI.SIandprocessingf十 〇m

thecomponentdevicestofifthgenerationcomputers.

ThemesillR&D

DevelopmentofarchitecturestomakefUllutihzationofVLSIscharacterizedby

abouttenmi1Hontransistorsperc1Up(asareexpectedtobeavailablearound1990).

● VLSIarchitecture

R&Ddetails

●Tec㎞iquesforconstructingnewadvancedarchitectures(basicstudy)

VLSIdevicerulebook

DesignQAsystem

Architecturedatabase

CADfbrVLSIarchitectures

●VLSIarchitectures

Complete1-chiparchitectures

(onem皿iontransistors/chip,tenm皿iontransistors/chip)

Functionpartsarchitectures

●VLSIsystem

Functiondivisionandconnectiontec㎞iques

Targetsandspecifications

(1)Interimtarget:Completeone℃hiparchitecturesfbronemilliontransistor/chip.

(2)Finaltarget:Completeone-chiparchitecturesfbrtenmilliontransistors/chip.

⑱
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Itemgroup

・VLSItechnology

ThemesinR&D

・IntelUgentVLSI-CADsystem

DevelopmentofanintegratedVLSI{ADsystemcapable

howforeffectiveuti五zation

R&Ddeta皿s

●Architecturedatabase

●Know-howdatabase

・InquirysystemfbrVLSI-CADdesign

●Developmentofatec㎞010gyforheuristicdesign

Targetsandspeci負cations

●Anapphcationdesignershouldbeabletodesignamas

customchipwithonemilliontransistors/chipwithinon

mustbeavailablewithinthreemonths).
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Itemgroup
唱

●Systematizationtechnology

Consistentsystematization,ofdevices,architectures,andbasicaswellasapPHed

software,anddevelopmentoftechniquesrelatingtothecyclecomprisingsystem

design,development,mahltenance,andmanagement.

ThemesinR&D

● InteUigentprogrammingsystem 、
Developmentofasystemfetchingprogramsf㌃omanalgorithmbank(knowledge

base)byuserrequirements,andsynthesizingaprogramwhichmeetsrequirement
specificationsbyinference.Furthemlore,thesystemmustverify,byaprocessof
inference,whethertheprogramgeneratedtomeetstherequirementsoptimally.

R&Ddeta皿s
も

●Modularprogramming andaverificationtheory
●Atheorytospecificationdescriptionandprogramsynthesize

●Asystemforprogramverificationandsynthesisandaprogrambase

●Asystemtomaintain,㎞porve
,andmanageprograms

●Aconsultantsystemforprogramdesigning

Targetsandspecifications

●Systemfbrprogramverification andsynthesis,andprogrambase

(1)Inte血1target:Improvementthroughsynthesisandconverisonofprograms

fbrparticularfields,mhlimizingdatabaseretrieval.

Developmentofasmal1-scaleprogrambase.

Generationofasystemtoverifyfunction品,logic,anddata-abstraction

programs.

(2)Finaltarget:Synthesisoflarge-scaleprogramsfbrdatabasemanagement
systems,1anguageprocessors,etc.

Developmentofalarge-scaleprogrambase.

●Systemtomaintain
,improve,andmanageprograms

(1)Interimtarget:GenerationofasystemtocomprehendfunctionalandlOgic
P「ograms.

Equivalencetransfo㎜ationexpedment.

(2)Finaltarget:Asystemtoevaluateprogramperfb㎜ance,andasystem

㎞provedthroughequivalencetransfomlation.

AsystemforcorrectingPrograms.

●Consultantsystemfbrprogramdesign

(1)Inter㎞target:Basicdesign

(2)Finaltarget:Questionansweringinnaturallanguages.
Asystemcapableofofferingconsultationindatabasemanagementsystem

design,databaseapplicationsystems,etc.
'
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Itemgroup

●Systematizationtechnology

ThemesinR&D

● Knowledgebasedesignsystem

AsystemwithanorganicaUy containedbasicknowledgebase.Thebasemuststore

thetechnicaldataandknowledgenecessarytodesign,develop,andoperateaknowl一

edgeinfo㎜ationprocessingsystem,andtosupportcreationofknowledgebase

systemsf士omthebasicknowledgebase.

R&Ddetails
-

●Asystemtoexpressandusemetaknowledge .

●Developmentofasystemtosupportdesignanddevelopmentofaknowledgebase .

●Developmentofasystemtosupportwideningaknowledgebase .

Targetsandspecifications

(1)S㎞plecreationofa knowledgebasesystemtoofferconsultaitiontothespeciaHsts

aboutproblemsrequ㎜gsophisticated,speciahzedknowledge.

(2)Theknowledgebasesystemmustbedesignedtocompriseknowledgeintheform
ofabout20,000rules.

(3)Partialsystemverificationatthelevelofmetaknowledge.Alarge-scaleknowledge
basesystemmustaUow.S㎞pledebugging.

(4)Theinter㎞targetwillbetoachieve30%ofthefinalknowledgebasesystemtarget.
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Itemgroup

・Systematizationtechnology

ThemesinR&D

● Systematizationtechnologyforcomputerarchitecture

Architecture-relatedsystematizationtechniquetocompletea`systematizedfifth

generationcomputeL

Developmentoftechniquestobu皿dupvirtualsystemsandrealsystems
,optimiza.

tionforsystemconfigurationandloadbalance,designinganddevelopillgalarge一

scalesystem,andtechniquesforhighreliabUity.

R&Ddetails

.

●Techniquestobuidupvirtualsystemandsystemconflguration

●Opt㎞izationtechniquesforsystemconfigurati6nandloadbalance

●Designanddevelopmenttechniquesforlargescalesystems

●Techniqueforultrahighreliabj∬ty

・D・v・1・pm6・t・f・1・ ・疽 ・・tw・ ・k・,arc垣tect。,ed。v,1。pmgt。 。1

」rF.F

●

■
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Itemgroup

・Systematizationtechnology

ThemesinR&D

● Databasesanddistributeddatabasesystems

Developmentofadatabasesystemfbrthefifthgenerationcomputers,technique

ofintegratingandutiUzingtwoormoredatabasesystems,andintegrationofknow1-

edgebasesystems,

R&Ddetails

●Researchofdatasemanticsanddatamodels

●Developmentofaflexiblestmctureddatabasesystem

●Developmentofasystemtosupportschemedesigns

・Developmentofasystemtosupportdatastorage

●DevelopmentofaQAsystemusingnaturallanguages

●Developmentofadistributeddatabasesystem

・Developmentofametacharacterdatabasesystem

●Developmentofadatabasemachine

,
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Itemgroup

・Devek)pmentsupportingtechnology

VarioussystemswUlberesearchanddevelopedtosupportthedevelopmentofhard-

wareandsoftware,asweUasthesystemasawhole.

ThemesinR&D

●

lD・v・1・pm・nt・upP・ ・t・y・t・m

Construction,atanearlystageofthepr(ヵect,ofVLSI℃AD,personalcomputers,

computernetworks,andsystemstosupportdevelopmentofsoftware/knowledge

base.

R&Ddetails

●Com画ternetwork

●Supportsystemforsoftwaredevelopment

●Supportsystemfbrknowledgebasedevelopment

●UseofVLSI-CADasasupportingtoo1

●Useofpersonalcomputersinresearchanddevelopment

●

●、

`
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4.4Researchanddevelopmentprocedure

4.4.1Relationshipbetweenthedifferent

itemgroups

Theitemscallingforresearchanddevelop-

mentareclassifiedintosevengroups(see4.3).

Researchanddevelopmentactivitiesconcern-

ingtheprojectasawholemustorganically

linktherespectiveitems.

Theprojectwillbedividedintoinitial,

intermediate,andfinalstagesasshownin

Figure4-6.Therespectiveresearchitemswill

beinterrelatedandmutuallya(ljustedatthe
beginningoftheintermediate,andfinal

stages.

ThefolloWingdehveatetheprincipleson

whichtheresearchitemswillbeinterrelated

andadjusted:

(1)Developmentoftechniquessupport-
ingdevelopmentwillhavepriorityoverall

otherthemes.

(2)Basicresearchwillbetakenupinde-

pendently,andpositiveeffortswillbemade
tousetheirresultsinsubsequentresearchand

developmentactivitiesinotherrelatedfield.

(3)Researchonbasicsoftwaresystems
willconstitutethenucleusofthepresent

project.Itsresultswillbeusedintwoways,
namely:

1)Inpracticetheymustcontributetothe

developmentofapplicationsystems

(includingabasicapPlicationsystem),
and

2)Resultinglanguagespecificationsmust

serveforarchitecturedevelopment

(primaryandsecondary).

(4)Researchanddevelopmentofthenew
architectureswillbecarriedoutafterselecting

somepracticableapproachesbeforetheflnal

languagespecificationsarecompleted,and

theywillbecombinedtogetherwheOthe

resultsofthestudiesonthebasicsoftware

systemareobtained(primaryandsecondary).

(5)Researchanddevelopmentofthe
basicapphcationsystemwillbebasedonthe

resultsofresearchonthebasicsOftware

system,andtheresultsofsuchresearchwill

intumbeusedtohelpimporvethebasic

softwaresystem.

(6)Distributedfunctionarchitectureand

systematizationtechnologywillberesearchin

parallelwiththeotheractivities.Fromtime

totimgtheirresultswi11beinborporatedin

the
-Supportingsystemstoreinfbrcethem.

Thus,resultsofresearchanddevelopmentwill

befuUyandconstantlyutilized.

(7)FirstversionoftheVLSItechnique

willbeusedtodesignthe㎞termediate

machines,andthesecondversiontodesign

thefmalmachines.

Figure4-6provides,theflowchartfbrthe

developmentofbasicsoftware,newadvanced

architectures,basicapplicationsystem,and

thesystematizationandsupportingtechnol-

ogies.

4.4.2ProcedureforresearchanddeveloP-

mentofthemesrelatedtobasicsoft-

wareandarchitecture

Researchanddevelopmentthemesrelated

tobasicsoftwarearecloselyrelatedtore-

searchanddevelopmentthemesrelatedto

architectures.Particularly,theresearchof

problemsolvingandinferencesystemwillalso

determ口1ethespecificationsunderlyingthe

corelanguagefomingthebasisoftheresearch

anddevelopmentspecificationsfbrthenew

advancedarchitectures.Researchofaknowl-

edgebasemanagementsystemwillhelplay

downthespecificationsfbrtherelational

algebramachinetosupportaknowledge

base.Lil(ewise,studyofanintelligentinter-

facesystemwillindicatespecificationsofa

hardwaresystemtosupportthesystem.

Thus,overallresearchanddevelopmentwill

beachievedthroughinterchangeofresearch

resultsbetweensoftwareandhardware.

Researchanddevelopmentthemesrelating

tobasicsoftwareandadvancedarchitectures

andthe丘interrelationwillbediscussedwith

referencetoFigure4-7.
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Basictheoriesandsystemswillbestudied

inadvanceforthethemesrelatedtobasic

software.Thesestudieswillmainlyinvolve

systemofexpressionsincludingaknowledge

representationlanguage,acorelanguagefor

problemsolvingbasedonpredicatelogic,pho-

nemeidentificatiollandasophisticatedspeech

synthesizingsystem,asystemforparsingand

semanticanalysis,andsystemstoabstractthe

characteristicsofpictureandimage,andto

generateanddisplaythem.Thestudieswill

becarriedoutbyrepeatingacycleinwhich

varioustrialsystemswillbedevelopedwith

thehelpofthesupportsystemsandthen

evaluated.Inthisway,newperceptionswiU

emerge,leadingtothedevelopmentof

commonlyusablesoftwarebasedonsupport

systems.Primaryspecificationsfbrthe

systemstobedevelopedlinewiththerespec-

tivethemeswillbelaiddownbytheendof

theearlystagesofdevelopment.Inparti-

cular,specificationswillbelaiddownforthe

corelanguagetoprecedethefrrststage

languagefbrthedevelopmentsupport

machineduringtheresearchonproblemsolv-

ingandinferencesystems.

Du血gtheintermediatestage,small-scale

prototypeswillbedevelopedrespectivelyfor

theproblemsolvingandinferencesystem,the

knowledgebasemanagementsystem,andthe

inteUigentinterfacesystem.Theseprototypes

willhelpreviewthespecificationsdeterm口1ed

intheearlystages,delineatetheproblems,

andtherebydeterminethespecificationsfor

theprototypesystemstobedevelopedinthe

f口lalstage.

Resultsoftheresearchwillbeutilizeddur-

ingtheresearchonarchitectures.Also,the

supportsoftwarewillserveasaneffectiveaid

intheresearchonthebasicapPlication

system.Atthesametime,thetheoryunder-

lyingthefifthgenerationcomputersystems,

withthecorelanguageandtheknowledge

representationsystemwillbegivenaconcrete
■

shape.

Bytheendoftheinterimstage,specifica－

tionswillbefmalizedforthebasicsoftware

systemstosupPortthearchitectureandthe

hardware.

Duringthefinalstage,simulatorswillbe

developedforthetargetmachinesonthebasis

ofthesupportsystemandtheprototype

machinesdevelopedduringtheinterimstage.

Thepurposeofthesesimulatorswillbeto

developthesoftwaresystemsatisfyingthe

丘nalspecifications.Duringthisstage,

problemswillbebroughttolightandthe

targetspecificationswillbereviewedand

streamHned.

Anotherobjectivewillbetoestablisha

systematicbasictheoryforthefifthgenera-

tioncomputersystems.

Finally,thebasicsoftwareSwillbecombi皿 －

edtoserveasthecqreforthefifthgeneration

operatingsystem.

AsfbrthearchiteCture-relatedthemes,a

machnebasedontheinitialcorelanguage

specificationswillbedevelopedalongwith

thelogicprogrammingandfunctional

machines.Themachinestobesodeveloped

willserveasamodelfor 、thesupporting

machinetoaidresearchanddevelopmenton

soft-andhard-ware.

Apartfrommachinesbasedonuseofthe

newlanguage,systemswillbebuiltupearly

enoughtosupportdevelopment.Such

systemswmbeeasy'tohandleandwill

includetheexistinggeneral-purposemachines

forusein,saysimulation.

Todealwiththethemesrelatedtothenew

advancedarchitectures,importantfifth

generationcomputerfunctionswillbere-

searchseparately.Duringtheinitialstage,

researchwillbeundertakenonmachines

serv㎞gdifferentfunctionstobu∬daccurate

computationalmodelsandconstructthe

hardware.Inaddition,therelationbetween

theprogramminglanguageandthesystem

architecturewillbeelucidated.Tothisend,

boththesoftwareandthehardwarewillbe

usedtodevelopasimulatorandcollectthe

basicdatarequiredtolaydowntheprimary
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specifications.

Interrelationbetweentherespectivethemes

willbecomeclearwiththeprogressintheir

studyduringtheintermediateandfmal

stages.Bythetimethelanguagespecifica-

tionsarecombined,itwillbedesirableto

streamlinetherelationsbetweenthemachines

andintegratethemunderanewtheme.Such

integratiOn

tionaland

fUnctional

machines.

maybeeffectedbetweenfunc-

dataflowmachines,orbetween

andabstractdatatypesupport

This,however,willpresupposea

correspondingcombinationbetweenthecore

languageanditscomputationmodel.

Someofthethemesconcemingthe

architecture'aredescribedbelowingreater

detai1.

Sincethedataflowmachineistoconsti-

tutethecoreofthesophisticatedparallel

executionmechanism,itwillbebetterto

incorporateifasanessentialcomponentof

thelogicprogrammingandtherelational

algebramachinearchitectures.However,till

datethetheoreticalbasisfortheintegration

toallowthisremailsincomplete.Thus

precisetargetsmustbefinalizedonthebasis

oftheresearchresultsuptotheinterimstage.

Dependingontheseresults,itmay、bepossible

firsttodevelopthedataflowmachineasa

functionallanguagemachine,andthento

examinehowitcanbeconnectedtothe

logicprogrammingmachine.

AninnovativevonNeumannmachinewill

recombinetaganddynamicarchitecturesand

theassociativememories,improvingthecon-

ventionalvonNeumannmachinesforthe

purposeofVLSI,andconstructingnew

machines.TheinnovativevonNeumann

machinewillbeusedintheinitialstageasthe

basisonwhichtoconstructthesupport

machines.

Mac㎞esrelatedtonewadvancedarchitec-

tureswillbedevelopedaccordingtospecifica-

tionslaiddowninthecourseofthestudies

carriedoutonthecorrespondingbasicsoft-

warethemes.Atthebeginningoftheinterim

stage,anexperimentalmachinewillbedeve-

10pedonthebasisoftheprimaryspecifica-

tionsrelatedtotheinitialbasicsoftware

themes.PartofthemaChinewillserveasa

basicsoftwaredevelopmenttool.

Duringtheearlystageof
.developmentof、

thedistributedfUnctionarchitedtures,agroup

ofsupportingmachineswillbeconstructed,

conduct血1gbasicresearchondistributedfUnc-

tionsystems1皿(elocalnetworks.Du血gthe

interimstage,adistributedfunctionnetwork

wiUbeconstructedto口lclude.adatabase

system.Techniqueswillbedevelopedfor

distributedOS,network,f㎞ware,and

UHM*leadingtomachinesfeaturingnew

advancedarchitectures .andgroupsofsof卜

andhard-ware
、modulesconstitutingthe

foundationforthebasicsoftware.

Fhlaltargetsforthemesrelatedtothenew

advancedarchitectureswillbesetupby

consideringthesecondaryspecificationslaid

downduringbasicsoftwareresearchesand

developmentoftherespectiveniachnes.

Targetsshouldpreferablybeprecisedfirst

atthebeginningoftheinterhnstageand

secondlyatthebeginningofthefinalstage.

Itemsrelatedtothenewadvancedarchitec-

tures口1thefinalstagesshouldpreferablybe

sphtintotwo:oneforthelogicprogramming

machnesuppo1寸ingaproblemsolvingand

inferencemachine,alldtheotherfbradata

basemachinehavhlginitscorearelational

algebramainlysupportingaknowledgebase

managementSyStem.

Inaddition,resultsofthestudyonthe

individualmac㎞esformingpartofthenew

advancedarchitecturewillbeusedindevelop-

ingthehardwarerequiredtosupportthe

intelligentinterfacesystem.

Inaddition,otherusefulmachinesmay

comeupalsoandthepossibilityofsuch

developmentshouldbeevaluatedatperiods

whenprecisetargetsandlaidout(口1dicated

*UHM:UniversalHostMachine
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Fig.46 Conceptdiagramshowinghowresearchanddevelopmentaretoprogress
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bydottedframesinFigure4-7).

Attheendofthefinalstage,themes

rleatedto,respectively,basicsoftwareand

architecturewillbecombinedtobuildup

problemsolvingandinferencefunctions,

knowledgebasedmanagementfunction,intel-

ligentinterfacefUnction,etc.

Thehardwaresystemstobedeveloped

willcompriseallrangesofmachines,covering

thegenera1-purposecomputerswhichhave

thesefunctions,includingtheirsmallerver-

sionS,namely,thepersonalcomputers,and

computersincorporatingparticularenhanced

functions.

Thesefifth
、generationcomputerSwillbe ハ

Hnkedtoadist亘butedfunctionnetwork

systemtobedevelopedunderthethemes

relatedtodistributedfUnctionarchitectures.

Thiswillleadtothedevelopmentofanover-

allknowledgeinfomlationprocessing.Detai1-

edspecif玉cationsofsoftwareandhardware

forthecomputersmustbefinalizedbyfixilg

precisetargetsatthebeghlningofthefinal

stage.

PracticalapplicationofVLSItechnologies

willbeindispensableindevelopingmachines

inconfbmlitywiththefbregoingarchitecture.

Finally,thethemesrelatedtoVLSIwillbe

takenup.

ThefrrstobjectconcemedwithVLSI

technologyistofabricatecustomizedVLSI

chipsinashorttime.Tothisend,VLSI

architecturesandaVLSI叉 〕ADsystemmust

beresearchedtosupportdevelopmentofan

experimentedmachineandaproto-type

system.First,atrialVLSInecessaryfor

theexperimentedmachinemustbebuilt

upduringtheinterimstage,tobefol-

lowedby,say,aCADsystemtosupport

thedevelopmentofaprototypefifth

generationcomputer.

Thesuccesswithwhichthisthemeispur-

sUedisofpivotalimportancetothefifth

generationcomputersystems.Researchand

developmentonthisthememust,therefbre,

becarriedoutonprioritybasiswithprovision

foradequatefacilities.Asimpleinterfaceto

beconnectedtothesupportingnetworkmust

beavailablefortheresearchonarchitectures,

speechprocessingetc.

Researchonthisitemwillfinallyaimat

developmentofanintelligentCADsystem

includingtherelatedarchitectureanddata

basesinthefinaltargeta㎞edatinthis

study.

4.4.3Procedureforresearchanddevelop-

mentofthemesrelatedtobasicapplica・

tionsystems

Roughlyspeaking,fiveitemsmaybeas-

sociatedwiththebasicapplicationsystems,

eachdeservingextensiVeresearch.Forthe

bestresults,theyshouldbetakenupbothas

aninterdependentschemea皿owingmutual

exchangeoffrndings,andindependentlyto

givereinstOcreativity.

Progressofresearchallddevelopmenton

therespectivethemes'relatedtobasicapplica-

tionsystemswiUbediscussedwithreference

toFigure4-8.

Intheinitialstage,astartwillbemadeby

studyingthethemesindependentlytodelme-

atethebasicsystems,systematizebasicdata,

andconstructexpe血1entalsystems.The

fo皿owingthreeconditionsmustbesatisfied

forthis:

(1)Datamustbeaccumulatedbyusingan

experimentalresearchanddevelopmentsup-

portingsystem.StandardiZingtheprogram-

minglanguageandabasicdataaccumulation

format.

(2)Studyresultsmustbeexchangedin

viewofthecommoninformationunderlying

machinetranslation,questionanswering,and

speechapPlications.

(3)Innovationsinbasicsoftwaremustbe

utilizedprogressively.Also,researchonbasic

softwaremustbecloselyfoUowedupbya

feedbacksystem.Withthesupportofthe

preparatorybasicsoftwaresystem(servingas

thefbundationforthefirstspecifications),

dataaccuringwillbefedbackfromtimeto
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timetoascertaintherequirementsthatWere

notconsideredearlier.

Precisetargetsintheinte血1stagemustbe

wotkedoutonthebasisofearlierresults .

Furtherprogressmustbebasedonasupport-

mgsystem,whichbythistimewillhavebeen

considerablyexpandedbymakinguseofthe

advancementsmadeinthebasicsoftware

-sYS19.m…Theintermediatetargetsystemswill

notonlyfulfiltherespectivetargetspecifica-

tions,butwill,toacertainextentworkhand

inhand,formingadistributedfunctionsys-

temsviaasupportingnetwork.Forexample ,

systemsrespondingtospeech,pictureimage

orquestionsmaybecombinedtobuiltupan

questiohansweringsystemusingspeechand

figures.Basedontheexperiencesaccruingas

theintermediatetargetsystemsarecon-

structed,finalspecificationsforthebasic

softwaresystemsmustlaiddownanda(ljusted

toascertainthefmaltargetsystemspecifica-

tionsindetai1.Alongwiththis ,thespecia1-

purposeVLSIchipsintherespectivesystems

andhardwarecomprising,say,theinputand

outputdevicesmustbedevelopedonatrial

basisinharmonywithresearchanddevelop-

mentactivitiesrelatedtOarchitectures .

Targetsystemswillbedevelopedinthe

finalstageincorporating,asbestaspossible
,

themeritsofthebasicsoftwaresystem .

Obviously,thebasicsoftwarefeaturesneed

nota皿.fo㎜partofthetargetmachines.

Whereadjudgeddesirablesystemswillbe

builtupindependently.

14
・4・4Procedureforresearchanddevelop-

mentofthemesrelatedtosystematiza-

tio血technologyanddevelopmentsup-

portsystem

Figure4-9illustratesthestepsunderlying

researchonsystematizationtechnologyand

♂developmentsupPortsyst
em.

Apartfromthebasicstudies,researchon

systematizationdu血gtheearlystageswill

aimmainlyatcreationofdevelopment

supportsystem.Thus,researchonsystematiza-

tiontec㎞010gywillcenteronthedevelop-

mentsupPortsystem.Finaltargetinthe

processofdevelopmentmustbeorientedto

seekingneweravenuesforsystematization

technologywiththefifthgenerationcomput.

ersystem.Componentsfoundusableastools

,in.thecourseofdevelopmentmustbeincorpo-

ratedfromtimetotimeintosystemsto

supPortthecreationofthefifthgeneration

computers.

Systematizationtechnologyincludesdevice,

architecture,basicsoftware,andapphcation

systemtechniques,butoverherethediscus-・

sionwillcenteronsoftware.Systematizatioll

technologyatthelevelofarchitecturein

takenupunderthediscussionondistributed

fUnctionarchitectures.

Researchitemsrelatedtosoftwareare

orientedmainlytodevelopknowledgebases

andthesystemssupportingtheentirelife

cycleofprogranls.AsshowninFigure4-9 ,

theseitemscomp亘se:

1)Asystemtosupportdesignanddevelop-

mentofaknowledgebase;

2)Asystemtosupportdiversificationand

expansionoftheknowledgebase;

3)Consultantsystemfbrdesigningpro-

9「ams;

4)Aprogramverificationandsynthesis

system;and

5)Asystemfbrmaintain,improveand

manageprograms.

Oneoftheresearchitemsconcerningsoft-

wareandhardwaresystematizationincludes
'b

asicstudiesonsystemconstructingmethod,

standardizationofhlter-hierarchyhlterfaces,

developmentofasystemevaluationtgol,and

developmentofasystemtosupportdesign

anddevelopmentofalarge-scalesystem.

Developmentsupportingtechnologiesmust

bereadyattheearlyprojectperiodtoaid

researchonpersOnalcomputershltended

mainlyforsoftwarestudies ,alocalnetwork

tosupportthesoftwareandhardwarefbrthe

personalcomputer,andLSI/VLSI{AD.Pre-`
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ferably,aglobalnetworkshouldbebuiltup

withtheaidofNTT(NipPonTelegraphand

TelephonePublicCorporation)'sswitched
network.

Therequirednumberofpersonalcomput-

ersfbrresearchanddevelopmentmustbe

mass-producedbyreferringtotheresultsof

theinitialstudiesonlogicprogramming

machines(formingpartoftheresearchtheme

relatedtonewarchitectures).Themachines
mustbeproduced.onVLSIbasisbythemid-

dleoftheintemlediatestage.VLSI-CADalso

mustbedevelopedbythattime.

4.5Researchanddevelopmentschedule

4.5.1Researchanddevelopmentschedule

Table4-4fumishestheresearchand

developmentschedule(seealso4.4).Section

4.5.2belowdetailstheprocedureenvisaged

fortherespectiveitemsinresearchand

developmentactivities.

45.2Researchanddevleopmentprocedure

(1)Initialstage

T1)Basicsoftwaresystem

1)Fortheknowledgebasemanagement

system,studieswillcoveranexpression

systemincludingaknowledgerepresentation

language,andmethodsofacquisitionand

apPhcationofknowle(lge,aswellascontrol

ofdistributedknowledge.Thesestudieswill

emphasizeonsystematizationofthebasic

theory,andcollectionofbasicdatathrough

trialproductionofbasicfunctions.Primary

specificationsmustbelaiddownfbrthe

knowledgerepresentationlanguage.

2)Fortheproblemsolvingandinference

systems,specificationsoftheprimitivecore か
1anguagemustbebasedonpredicatelogic,

whichinitstumwillcenteronPROLOG.

Thiswillserveasthelanguagespecifications

forthelogicprogrammingmachineforming

partofsystemfirmwareandsupPortingre－

search.Basicstudiesonmustbecarriedout

ontheproblemsolvingandinferencesystem,

combiningthecodilgelementsintoapro-

gramminglanguageandlayingdownthe

primaryspecificationsfOracorelanguage.

High-1evelproblemsolvingmodulesmUstbe

developedtentativelyandstudiedfbrusein

theknowledgebasemanagementsystemand

intelligentinterfacesystem.Resultsofmodi-

ficationandexpansionofthecorelanguage

specificationsmustbetransferred㎞ 耳1ediate-

1ytoasupPo1寸ingPersonalcomputertoassist

indevelopingothersystems,andatthesame

timetoco皿ectdataandanalyzewhetherthe

specificationsareacceptableornot.

3)Fortheintethgent 、interfacesystemthe

approachwillbetostudyofthemethＬods .as

wellasthebasictheory.encompassingnatura1

,languages,speech,pictureandimagesystems.

Thiswillincludeaphonemeidentification

systemanspeechsynthesiser,aparsing

component,asematicanalyser,apicture

andimageanalyzer,andpicture.landr:諏age

displayingsystem.Basicstudiesmustbe

carriedoutonknowledgerepresentation

andproblemsolving.Toevaluateandim-

provethesesystems,,thesupPortingsystem

mustbesupplementedbytentativelydeve-

10pedsystems.Inthiswaythepr㎞ary

specificationswi皿belaiddown.

T2)Basicapphcationsystems

l)Themachinetranslationsystemwi皿be

basedontrialgenerationofgrammarsofthe

differentlanguages,studyofinterimlangu-

ages,1ayillgdowntheguide㎞esfbrabasic

systemfortrialproductionofasentenceand

terminologydatabase,andbasicdatacollec-

tion.Thesejobswillbeperfo㎜edwiththe

helpofasupportingsystem,creating
,atthe

sametime,anumberoftrialsystems.This

willbeaccompaniedbystudyanddesignof

suitablesystemhardwareincludingsophisti-

catedwordprocessingtechniquesanda

temlinologydatabasemachine.

2)Forthequestionansweringsystem ,
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BaSic

aPP血cation

system

Basic

software

system

'

Table4-4

InitialStage

(1)Preparingthebasicsystems

(9ra㎜marS,reCOgnitiOn

systems,description

systems)

(2)Collectionandsystematiza・

tionofbaSicdata

(COnVerSatiOndata,term壬

nologydatabase,fbmula

base)

(3)Trialproductionofan

experimentalsystem

(1)Determination(initialstage)

ofspeci」 巨cationsforacore

language(suchasPROLOG)

priortoprimaryspec姐cations

(2)Basicstudyontherespective

softwareitemsandlaying

downtheprimaryspec近ca-

tions

(3)Trialproductionofsome.
ofthesystemsandconection

ofdata

New

advanced

afchitectures

Evaluationoftheproposed

machinesthroughsimulation

andco皿ectionofbasicdata

Trialproductionofsomeof

theexperimentalmachines

Developmentofthef辻mware-

basedPROLOGandI』SP

machinetosupportdevelop-

ment

.

archanddevelopmentschedule

－

Interimstage

.

Finalstage

(1)Settingupinterhntaエgets

層.
(1)Developmentoffinaltargets

、

(asystemtosupPo貢 仕ansla一 (amulti－ 曲gu… 虹 廿anslation

tionhlvolvmg5,000words: systeminvo1城ng100,000

aspecializedquestionanswe血9 words: ●

system缶volving2,000words aqUeStiOnanSWermgSyStem F

and1,000rules: hlvolvmg5,000wordsand

speech皿deτstand血1gsystem 10,000τules:
－

handhngsimplesenten㏄s: asophisticatedphonetic

asystenlretrieving10,000pic一 typewriter:

tureandimagedataitems: asystemret亘evmg100,000

aalgebエaic飴 ㎜ 司am血pula一 graphicandpicturedata

tionsystemusmgfbrmula items:

base: afbrmulaunderstandi皿gsys一
.

Go-playmgsystemofsubgrade temwithaknowledgel)ase:

101eve1.) Go-gameplayingsystemat

thegradelevel.)

(2)Draftspecj血cationsforthe

丘naltarget (2)Developmentofhardwaエefb

forspecializeduse

(3)Trialproductionofhardware

forspecialセeduse

(1)Improvementandextensionof (1)Intermediatetargetmachille 「

thecorelanguagelay血1gdown simulator

thefinalspec釦 自cationsoriented

tomachhlesoftware(secondaエy (2)Targetsystemspec田cations

spec伍cations)

(3)Developmentofatalgetsys一

(2)Tr剖productionofaknowl一
」

tem

edgebasemanagementsystem

onareぬtionaldatal)ase (4)Improvedprocessi皿gofthe

machhle corelanguagethroughaddi一

tionofsay,knowledgebase
,

(3)Developmentaprototype enqukyfunction

口1tenigentinterfaceona

development-supPorting
.

(5)Developmentofafinalsys一

machine tem,integratingitwiththe

Hardwaエespeclficationsfbr £ぼthgenerationmachilles

spec適zeduse

(6)EstabHshmentofanew
(4)Draft㎞gthenewtheoretical theoreticalsystem

system

(1)Incorporatingtheresultsof (1)Fma1肱ationoftheproposed
initialevaluationintomachmes machinesandthe口specifica一

」

proposed tions

(2)Trialproductionofamedium一 (2)Developmentofaprototype 、

scaleexperimentalmachme anditscombinationwith
噛

(usi皿gVLSIofthef丘stedition) thesoftware.Fifthgenera一

SupPorttotrialproductionof tionprototypemachine

software (useofsecondeditionVLSI)

(3)Extendingthescopeofmachme

tosupPortdevelopmentofa

缶mwaエebaseandapPUcation

ofVLSIfbrpersonaluse
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lnitialstage InterimStage
・

Finalstage

Distlibuted (1)EstabHshmentofamethod (1)Developmentofadistributed (1)Expansiontoadistributed
function ofdesign口1gdistributed functionnetwork(super一 functionnetwotkwiththe

architecture fUnctionalchitecture personalcomputemetwork) fHlthgenerationPrototyPe

designmethod 口1clud血gdevelopment一 machmeasitscore

supPortjllgmach血es

(2)Basicstudyondistributed (2)Developmentof血te皿igent

OSandlocalnetwork (2)Developmentofdistributed illter⑫cehardware

techniques OSandrelatedsoftware,and

haエdwaエe田kedatabase

(3)Expansionoflocalnetwork machines

fbτdevelopmentsupportmg

(3)TrialproductionofUHM,・ ・.
supPortlngltsusempersona1

computers

VLSI (1)Supporttothenewadvan㏄d (1)Supporttothestudyofnew (1)Supportingdevelopmentofa
technology 孤chitectureswithcustomized advancedarchitectureswith prototypewithcustomized

LSI customizedVLSI VLSI
9

(2)Studyandtlialproduction (2)DevelopmentofaVLSI℃AD (2)Expansiontoj皿te皿igent
ofsoftwareforVLSI<AD systemandmakillgitava皿 一 VLSI叉 〕AD

ando'CAD al)lefdluse
、

(3)ConversionofVLSIarchi一

(3)Basicstudyonarchitecture (3)Developmentofanaτchitec一 tectureintoa㎞owledge

fbrVLSI turedatabaseforVLSI .base

Systemati一 (1)Basicstudiesonthemethod (1)Studiesonexpallsionand (1)Enlaエgementofasystemto
.

zatlon ofsystemconstruction diversificationofsystems supPortsystematization

technology (modularizationhierarchic (supPorttoexpansionand
organization) (2)Standardizationofinterfaces divers迫cation,designcon一

1)etweenthehierarchiclevels SUItantSyStem)

(2)Basicstudiesonknowledge
basedesign (3)Designanddevelopmentofa (2)Developmentofadesign'

systemtosupPortsystematlza一 supPoエtingsystemsanddeve一

(3)BasicstudiesonUfecycle tion(vert近cationandsynthesis lopmentfbralargesystem

managementteCkniqUe ofprograms,supPortmgdesign

anddevelopmentofknowledge (3)Developmentofmamten一
base) ance,improvementand

managementSyStemS

(4)Developmentofasystemevalua、

tiontoOIS .

Development (1)Instanationoflocalnetwork (1)Instanationofalocalnetwork (1)SupPortingsystematization
.

supportmg tosupPortdevelopmentalld applyingthedistributedfUn(〉 byexpandingthedistributed

technology connectmgthedevelopment一 tionaτchitecture(expansion f皿ctionsystemandloca1

supPortingmach匝es andupdat㎞goftheloca1 network

network)

(2)EstabUshmentofasimple (2)Expansionoftheglobalnet一

globalnetworkusmgpubUc (2)Expansionoftheglobalnet一 work

telephonel口leandconnect一 workusingpubHctelephone

ingthedevelopment・ ・supPort㎞9 Unesandinstanationofadata
「

mach血1es basestation

(3)ExpansionofPROLOG,LISP (3)Supportmgdevelopmentwitha
machinesasdevelopmentl superpersonalcomputerush19

supPortingtools}
:

acorelanguage(firstedition)

(4)OrganizingLSI<AD (4)Developmentandut皿izationof

: adistributeddatabase

(5)Developmentofsoftwaredeve一

10pmentsupPortsystem、

(languageprocessing,editor,・

database)

(6)Developmentofanexpertsys・

temtobuildupaknowledgebase
一
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conversationdatamustbeconectedand

analyzed,basicspeciahzeddatasuchasspe-

.cialiSピsknowledgemustbecollected,anda

systemmustbebuiltuptohandleanduse』

suchdata.Toproceedwiththisjob,usewiU

bemadeofthesupportingsystem,accom-

paniedbycreationofexperimentalsystems.

InpUtandoutputdevicessuitableforthe

systems,suchastheSMARTterminals,must

bedesignedandfabricatedonatrialbasis.

3)FortheapPhedspeechunderstand㎞9

system,abasicsystemfbr,say,speaker

identificationmustbecreatedbesidescollec卜

ingbasicdata.Thesupportingsystemwillbe

usedandvariousexperimentalsystemswillbe

developed.Also,thehardwareforspecialised

use,andinputandoutputdevicesmustbe

studiedandtheirbasicdesignlaiddown.

4)Fortheappliedpictureandimage

understandingsystemastnlcturalprogram-

m欽1gsystem,aretrievalsystem,andabasic

systemforfundamentalresearchonretrieval

languagewillbetakenup.Va亘ousexperi-

mentalsystemsw皿bebuiltupandstudied

withthehelpofthesupportingsystem.Spe-

cializedhardwarefbr,say,pictureandimage

databasemachinemustbestudiedand

designed.

5)Undertheappliedproblemsolving

system,theprocessingalgorithmandthe

methodsforknowledgebaseformationmust

bestudiedtobuUdupamathematicalexpres-

sionunderstandhlgsystemandbasicsystems

Hkeonecapableoftakingcognizanceof

fundamentalstrategiesandsituationpatterns

mustbedevelopedforGo-game.Various

experimentalsystemswillbebuiltupwith

thehelpofthesupportingsystem,andbasic

studiesontheinputandoutputdevicesfor

specia五zedapPhcation.

A1)Newadvancedarchitectures

1)Mostofthebasicdesigndatamustbe

co皿ectedduringthisperiodforthemachines

consideredprospectivecandidate,toconsti-

tutethenewadvancedarchitecture.This

willbedonethroughsimulationandtrial

productionofthehardware(hardwaresimula-

tion).Forthispurpose,anexistinglarge-

sizemachinemustbeused.

2)Amachnemustbedevelopedtoaidin

basicstudiesonthesoftwaretoprocessinte1-

1igence,Thismachinewillbebuiltupusing

innovativevonNeumanntechniquetosup-

portPROLOGandLISPandconstituttethe

趾mwarebase.

A2)Distributedfunctionarchitecture

l)Expe血1entalmodelswi皿beusedside

bysidewithsimulationtoevaluatethe

methodsconsideredindistributedfunction

systemdesign.

2)Usingthelocalnetworktoaiddevelop-

ment,prototypedistributedOSandcom-

municationcontrolsystemswillbebuilt'up.

Thesewillhelpcarryingoutbasicstudieson

thedistributedfunctionnetwork.

3)ApersonalComputersystemw皿be

developedwithhighresolutiondisplayand

apictureinputfunctions.Spec並icationsmust

belaiddownfortheothercomponentsof

thedistributedfunctionnetwork.

A3)VLSIarchitecturesandCAD

1)Enviomment1皿stbesetupfbrthe

proudctionofcustomizedLSIinthewayof

aiding,inthewayofaiding,developmentof

exper㎞entalmachinesofconformingtothe

newadvancedarchitectureaswellasthe

development-supPortingmachines.

2)Simultaneously,softwareandhardware

mustbebuiltuptofabricatecustomized

chipsanddatamustbecoUectedbesidesac-

cumulatingthesoftwaretodevelopVLSI-

CAD.

3)Basicresearchmustbecarriedoutto

developthearchitecturesforVLSI.

S1)Systematizationtechnology

1)Fortheintelligentprogrammingsys-

tem,basicstudymustbecarriedoutto

delineatetheguidelineforlayingdownthe
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specifications,andtobuildupsystemfbr

verification,synthesisetc.Anexperimental

systemmustbeestablishedatthesametime.

Sidebysidewiththis,asophisticatedconver-

sationalprogrammingsystemmustbedeve-

lopedwiththesupportofthepersonalcom-

putertoprovidethemethodologyfbrre-

searchanddevelopmentactivities.Atthe

sametime,asystematicapProachmustbe

evolvedtocoUectdatafbrsystemstobe

studiedanddeveloped・Pr㎞aryspecifications

mustbedeciedinconformitywiththebasic

softwaresystemspecifications.

2)Fortheknowledgebasedesign,abasic

metaknowledgerepresentatiσn,inferencesand

verificationsystemmustbestudied,produc-

inganexperimentalsystemfordeeperinsight

intotheproblems.Atthesametime,trial

systemsmustbeproducedwiththesupport

ofthepersonalcomputerfbrsinglefUnctions.

Theywillhelpresearchanddevelopment,and

asdataiscoUectedsidebyside.Primary

specificationsmustbelaiddowninconfor-

mitywiththebasicsoftwaresystemspecifica-

tions.

S2)Developmentsupportingtechnology

1)Alocalnetworkmustbelaidbyusing
existingtechniquetosupPortdevelopment

activities.Tothisshouldbeconnectedthe

PROLOG/LISPmachinestosupportdevelop-

mentactivitiesaswellasexistingmachines.

2)Aglobalnetworkmustbebuiltupon

thepublicnetworktoconnectseveralre-

searchsites.

3)LSI-CADmustbeconnectedtothe

localnetworktoaidtheresearchers.Bythis
time,localnetworkssimilartotheETHER

andCHAOSnetworkof,respectively,Xerox

corporationandMITwillbelaid.

ForLSI,somethinglikeCIF,thestandard-

izedpattemdescribinglanguageofU.S.will
bespecified.

(2)Interimstage

T1)Basicsoftwaresystem

1)Fortheknowledgebasemanagement

system,aprototypewillbedevelopedby

usingthetentativelyconstructeddatabase

machine
.utilizingthedatacollecteddu血g

theinitialstage.Thiswillbeusedinresearch

onothersystemsandevaluationdatawillbe

coUectedtoprepareadraftfbrthefmal

specifications.Duringthisperiodanattempt

willbemadethiswithotherbasicsoftware

systems.Thefran;eworkofanewtheoretical

system(suchasaknowledgetheory,aknowl・

edgerepresentationtheory,etc.)shouldbe

given.

2)Fortheproblemsolvingandinference

system,experiencewiththesupPorting-

systemwillbeutiHzedtoextendthescopeof

thecorelanguage.Atthesamet㎞e,greater

precisionmustbeachievedinthelink

betweenthissystemandthemeaningand

specificationcodingsystems.'A,trialproces-

singsystemmustbeproducedfromthetrial

inferencemachjne,andusedtentativelyto

co皿ectevaluationdataandpreparethe

draftfmalspecifications.Duringthisperiod

integrationofmeritsofotherbasicsoftware

systemsmustbeincorporatedthissystem.

The畑meworkmustbeestablishedforanew

systemoftheories.

3)1FortheinteMgentinterfacesystem,a

prototypemustbebulltup,withthehelpof

thesupportingsystemand'thetrialmachine

toassistinresearchonthebasicapPlication

system.Thefmalspecificationsmustbe

draftedbyusingtheexperiencegailed血1

theiruse.Duringthisperiod,attemptmaybe

madetocombinethissystemwithotherbasic

softwaresystems.Frameworkmustbebu迅t

upfbranewsystemoftheories(suchasa

recognition .theory,ancomprehensiontheory,

oranrepresentationtheory).Furthe㎜ore,

specificationsmustbelaiddownforhardware

comprizingVLSIchipsandinputandoutput

deviceswithenhancedfunctions.
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T2)Basicapplicationsystem

1)Usingthesupportsystem,asma皿 －scale

translationaidsystemhandling5,000words

mustbeproducedaspartoftheinterimtar-

get・Bydevelopingandevaluatingsucha

system,dataw姐bepreparedtohelpstudy

specificationsofthebasicsoftwaresystem

andthesupportstotheinte1Ugentsystem
,

anddraftthespecificationsfbrthetarget

system.Databasecontainingthedictionary

andtheco皿ectionofterminologiesmustbe

expanded,leadingtotheformationofan

inteUigencebase.SPecializedhardwarewill
bebuiltuptentatively.

2)Withthehelpofthesupportsystem,

anmte㎜systemwillbebuiltuptoaccom-

modate『alimitedcollectionofvocabulary

(2000)auxrules(1000)forspecializedwork.

Developmentandevaluationthissystemwill

yieldthedataneededtodecidethespecifica-

tionsfbrthebasicsoftwaresystemandthe

supPortstosystematizeintelligence .The

systemmustbehamonizedwithotherbasic

applicationsystems,anddetailedspecifica-

tionsmustbedraftedforthetargetsystem .

Therespectivespecializedknowledgebases

mustbeexpanded,incorporatinggreater

sophistication.TheseWillincludesystemand

componentsrelatedtothefifthgeneration

computersystemitself.Specializedhardware

including,say,theSMARTterminalsmustbe

constructedonatrialbasis.

3)FortheapPliedspeechunderstanding

system,thesupportsystemwillbeusedto

developaninterimphonetictypewriterhandl-

ingsimplesentences.Inthecourseofdeve-

10pmentandevaluationofsuchsystems ,data

willbeavailableforthestudyofspecifica-

tionsfbrthebasicsoftwaresystemandthe

supPortstosystematizationofintelligence .

Detailedspecificationsmustbedraftedfor

thetargetsystemspecia1-purposehardware

mustbedeveloped.

4)Fortheappliedpictureandimage

understandingsystem,aninterimtarget

systemwillbedevelopedwiththeaidofthe

supportingsystemtohandleabout10
,000

Plctureand㎞ages.Developmentandevalua.

tionofthesystemwillyieldthedataneeded

toworkoutthespecificationsforthebasic

softwaresystemandthesupporttosystema-

tizationofillte皿igence.Detailedspecifica-

tionsmustbelaiddownfbrthetargetsystem

takingintoconsiderationtheproblemof

hamlonizingitwithothersystem.Specia1-

purposehardware,suchasapictureand

imagedatabasemachinesmustbeconstruct-

edonatrialbasis.

5)Asfbrtheappliedproblemsolving

system,theinterintargetwillbetobuiltup

arule-basedmathematicalexpressionunder-

standillgsystem,usingthesupportanaid .

Theinterimtargetwillalsoincludeproduc-

tionsofaGo-gameplayingsystemofabout

subgradeNo.10standard.Duringthedeve-

lopmentandevaluationofsuchsystems,data

willbeavailablefbrthespecificationsofthe

basicsoftwaresystem .andthesupportto

intelligencesystematization.『Also,detailed

specificationsmustbedraftedfbrthetarget

system.Rulebasesetc.mustbemademore

sophisticated,andspecial-purposehardware

mustbedeveloped.

A1)Newadvancedarchitectures

1)Aninte血lexperimentalmachinemust

beconstructedtocomformtothenewarchi-

tecture.Itmustbebasedonlanguagespecifi-

cationslaiddowndu血gbasicsoftwarestudy .

Forsuchdevelopment,the趾stversionof

customizedVLSImustbeused.

2)Duringthisperiod,resultsofstudieson

machnesconformingtothenewarchitectures

mustbecombセ1ed,andthenumberofcandi-

datedforthefifthgenerationcomputersmust

bereducedfrom6to3machines.

3)ThePROLOG/LISPmac㎞esdevelop-

edduringtheinitialstagemustbeproduced

onVLSIbasistobuildupasma11-szieper-

sonalcomputerandimproveitsperformance .

4)Partofthemachnesformingpartof

thenewadvancedarchitecturesmustbetaken
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upforthesoftwarestudy .

A2)Distributedfunctionarchitecture

1)Basedontheresultsofinitialstudies,a

distributedfunctionnetworkwillbedevelop-

ed.Thisw坦expandandupdatethesupport-

inglocalnetwork.Inaddition,thebaseof

thesoftware,namelythedistributedOS,

mustformpartofthearchitecture.

2)Thesupprotingpersonalcomputer,

databasemachine,etc.mustbeinterconnect-

edtoformasuperpersonalcomputernetwork.

Theglobalnetworkmustbeexpanded

packetswitch血gnetwork,etc.).

3)Continuousresearchmustbecarried

outonthesoftwarefbrthedistributedfunc-

tionnetworkandmachinecomponentslike

theuniversalhostmachines.

A3)VLSIarchitecturesandCAD

l)ACADsystemforcustumizedVLSI

mustbedevelopedtosupportresearchonthe

newanddistributedfunctionarchitectures.

・2)BasedonthestudyofVLSIarchitec-

tures,functionmodules,circuits,program-

minglanguagesincludingmaskpattems,and

processingsystemsmustbedeveloped.The

codeditemsmustbeaccumulatedand

systematizedtodevelopthearchitecturedata

basefor口1telligentVLSI-CAD.

Sl)Systematizationtechnology

1)Fortheintglligentprogramming

system,theinterimtargetwillbetodevelop

asystemforsimpleverificationandsynthesis,

asmall.scaleprogrambase,andabasicsystem

forunderstandingprograms.Thesesystems

willbecombinedtoexpandingthescopeof

thesupPortingsystemfunctions.Basedon

theirmerits,thesemustbecombinedwiththe

basicsoftwaresystemtodesignonintegrated ト
basicsystemandtodraftthespecifications

forthetargetsystem.Specifications,verifica-

tionsandsynthesismustbebackeduptheore-

tically.

2)Fortheknowledgebasedesignsystem,

theinterimtargetwillbebuildupasystem

withasmallmetaknowledgerepresentation

system,aninferenceandverificationsystem,

etc.Throughtrialandexperiments,basic

integratedsystemwillbebu皿tupinconfor-

mitywiththebasicsoftwaresystem.Meta-

knowledgerepresentationmustbebackedup

theoretically.Atthesamet㎞e,scopeofthe

mustbeexpandedinthesupportingsystem.

Furthermore,expe血1entsmustbetocollect

alargevolumeofknowledgeconducted.

S2)Developmentsupportingtechnology

1)Toexchangeresultsofresearchonsoft-

andhard-ware,methodsofmodularization

andmustbestandardizedtogetherwiththeir

interfaces.

Also,adatabasesystemmustbecreatedto

storetheresultsobtained,andmanagement

mustbesystematized.

2)Thedistributedfunctionandglobai

networksmustbeusedastoolstosupPort

development.Peripheralsmustbeorganized

forthepersonalcomputers(PROLOG/LISP

machjne).

(3)Finalstage

Tl)Basicsoftwaresystem

l)Asimulatormustbedevelopedforthe

targetmachine,usingtheinter㎞trial

machineorthesoftwaresupporttotheknowl-

edgebasemanagementsystem.Atthesame

time,specificationsmustbe㎞provedand

mademoreaccurate.Thesystemdeveloped

mustbeincorporatedinthetargetmachineto

builtupthebasicapplicationsystem.Based

onthedatacollectedintheprocess,more

sophisticatedleamingfunctionsmustbe

supplementedforresearchonanextended

system.Anewtheorymustbeestabhshed.

2)Forthetargetproblemsolvingand

inferencesystem,asimulatormustbebuilt

up,usingtheinterimtrialmachineorthe.

supPorttotheprocessingsystemunder-

1yingthetargetmachne.Theprocessing
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systemmustbeintegratedwiththeintelhgent

programmingsystemandincorporatedthe

targetmachinetodeveloPothersystems .

Usingthedatacollected,moresophisticated

functionswmbesupplementedforproblem

solvillg.Atthesametime,researchmustbe

carriedouttoimprovetheperformanceof

themac㎞e.Attemptsmustbemadeto

establishanewtheory.

3)As㎞ulatormustbebuiltupto

developthetargetintelhgentinterfacesystem.

Thisw且lincludeconstructionofthehardware

forspecialpurposes.Thismustbeintegrated

withtheknowledgebasemanagementsystem

asweUastheproblemsolvingandinference

systemssoastoconstitutepartofthetarget .

system.Basedonthedatacollected,research

mustbecarriedouttoprovideadditional

sophisticatedfunctionsaidingcomprehension.

Attemptwillbemaketofbundnewtheories.

T2)Basicapplicationsystem

1)Thetargetmachinetranslationsystem

willbebasedonthefinalmachinetohandle

100,000wordsandseverallanguages .For

thiseffortswillbemadetocombinethis

systemwiththebasicsoftware,organizing

va亘oussophisticatedknowledgebases
,specia1-

purposehardwaremustbedevelopedand

irnproved.

2)Thefinalquestionansweringsystem

willbebuntupwiththetargetmachhleasthe

base.Thisw且1dealwithva亘ousspecialized

fieldsusing5,0000rmorewordsandatleast

10,000rules.Thedevelopementmustbe

matchedwiththebasicsoftwaresystemas

wellasotherbasicappUcationsystems .

Knowledgebasesmustbeorganizedandmade

moresophisticatedbesidesbeingincreasedin

number.Thetargetsystemincludesaninte1-

1igentutiUtysystem.

3)Thefinalspeechunderstandingsystem

willmclude,say,aphonetictypewriter

understandingspeech,developedasasophisti-

catedI/Odeviceforthetargetmachine.The

systemmustbematchedtotheintelligent

interfacesystem.

4)Fortheappliedpictureandimage

understandingsystem,thefinaltargetwillbe

todeveloppictureandimagedatabasehand-

ing100,000itemsofinformation.Aninteg-

ratedretrievalsystemmustbedevelopedat

thesametime.Thesesystemsmustbe

matchedwiththeintelligentinterfacesystem

aswellasotherbasicapplicationsystems .

5)Theappliedproblemsolvingsystemin

itsfinalshapewillcomprisealarge-scalefor-

mulaprocessingsysteminthetargetmachine

withaknowledgebasestoringrulesand

formulas,andGo-gameplayingsystemof,
'
say,gradelperformance.

A1)Newadvancedarchitectures

1)Prototypemachinesconstitutingthe

newadvancedarchitecturesmustbedevelop-

edaccordingtothenewlanguagespecifica-

tions(final)decidedinthecourseofstudies

onthebasicsoftware.Dui㎞gthisperiodthe

numberofcandidatemach㎞esforthearchi-

tecturemustbereducedtooneortwoby

referringtotheresultsachievedbytheinter-

mediatestage.Themachinesaretobeclassi-

fiedaccord㎞gtotheirrespectivescalesof

performance.Somemachinesmustbe

developedtoconfbrmtotheapPHedsoft-

ware.

2)ThesecondeditionofVLSImustbe

usedinthedevelopmentofsuchprototype

machines.

3)Thearchitecturemustbeevaluated

andatthesametime,improvedasapplication

systemsthroughcombinationwiththesoft-

wareofthefinalspecifications.

A2)Distributedfunction・architectures

1)Thedistributedfunctionnetwork

developedintheintermediatestagemustbe

expanded.Alsoaknowledgeinformation

processingnetworkmustbeconstructed

withthecoremachillesconstitutingthene.w

advancedarchitectures.

2)Specia1-purposeVSLIchipsandproces－
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sorsmustbedevelopedtoprocessspeech,

pictureimage,andnaturallanguages.The
developmentmustaccordtothespecifica-

tionsdeterminedduringstudiesonthebasic

apPhcationsystem.

3)Packagedsoftwaregroupsmustbein-

corporatedinthedistributedfunctionnet-

worktoproceSsknowledgeinformation.

Also,thesemustbeevaluatedandimproved.

A3)VLSIarchitecturesandCAD

l)VSLI-CADmustbeusedtocreatethe

secondeditionofVLSIrequiredforthe

developmentofprototypesofnewadvanced

architectures.

2)Developmentofchipsforexclusiveuse

inspeech,pictureandnaturallanguage

processingmustbesupportedinthesame

way・

3)TheVLSIarchitecturedatabasemust

beexpandedandhnkedtotheCADsystem.

Aprototypemustbebuiltupfortheintel-

ligentVLSI-CADsystemonthebasisofthe

studyresultyonknowledgebases.Atthe

sametime,algorithmdesign,acircuitdesign,

patterndesignetc.mustbeintegrated.

Sl)Systematizationtechnology

1)Fortheintelligentprogrammingsys-

tem,aconsultantsystemmustbedeveloped

byusingthetargetmachinetodesignpro-

gramsonthebasisofquestionsandanswersin

anaturailanguage.Thesystemmustinclude

say,alargeprogrambaseandanimproved

systemswiththeirdefectsremoved.The

developmentmustbeeffectedinasequence

thatwillallowittobeutilizedforthe

developmentofthebasicapplicationsystems.

Theoreticalbasismustbesecuredforspecifi-

cations,verification,andsynthesis.

2)Fortheknowledgebasedesi即ing

systemthetargetmachinemustbeusedto

developanintegratedknowledgebasedesign

supportsYstgM.Thiswillinclude,among

othersasystemtosupPortexpansionand

diversification,andasystemtosupportpro－

gramexecution.Thedevelopmentwillbe

carriedoutinasequencethatwillhelpitsutili-

zationduringthesuccessivestagesofbasicap-

phcationsystemdevelopment.Thesystem

mustbelinkedwiththeintelligentprogram-

mingsystemtointegratethetwoasasupPort

tosupPortingsystematization.Attemptsmust

bemadetosecurethetheoreticalbaseunder-

lyingmetaknowledgeverification,etc.

S2)DevelopmentsupPortingtec㎞ology

1)Forbetterflexibility,theilterface

specificationsmustbestandardizedatdif-

ferentlevelstoindude'themodulesandI/O

channelsacrosstheprototypemachines.

2)Resultsachievedduringtheprocessof

developmentmustbeorganizedandsystema-

tizedtoformadatabase.

3)Methodsandtoolsmustbedeveloped

andmadeavailableforsystemevaluation.

4.6ProjectorganiZationandexecution

4.6.1]Basicp亘nciplestobefollowedinre-

searchanddevelopmentactivities

Featurescharacterisingtheprojectwillbe

setfbrthbefbretheProceduraldetailsare

discussed。Also,organizationaldetailsunder-

1yingtheresearchactivitiesandtheprocedure

envisagedtoexecutethepr()jectwillbedis-

cussedontheassumptionthattheessenceof

theprojectwillnotbesacrificedtofacilitate

itSeXeCUtiOn.

Fromthestandpoilltoforganizationand

execution,theprojectfeaturesmaybe

enumeratedasfollows:

(1)Theprojectmustplayapioneeringrole

besidesbeingcreativeinitsapProach

Thepurposeoftheprojectdoesnotliein

followhlgor廿nitatingthetechniquesdeve-

lopedbytheotheradvancedcountries.

Instead,itsaimistoachieveatargetthatwill

atoncerealizethesocialandtechnological

idealslaiddownforthefuture.Oneofthe

distinctivefeaturesoftheprojectwillbeits
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emphasisonresearchandexper㎞entationto

setupthistarget.

(2)Thepr()jectmustlookfaraheadintotlle

fUture

Forthepresent ,theprqlectexpectsto

achieveitstargetintenyears.Atthesame

t㎞e,however,itcontemplatesanumberof

intermediatestepsleadingultimatelyto

knowledgeinformationprocessingofastand-

ardcomparabletohumanbrain.Correspond-

ingtoeachtothesesteps,theprqjectprovides

roomfbraninte血ltarget .Ontheother

hand,theprqjectlooksforwardtoactingas

alinkwiththefuture,and,therefore,attaches

greatimportancetosecurelyfoundedresearch

activitieS・Whencontemplatingthepr()ject ,

therefore,itisimperativetoconsiderother

projectsalsothatmayevlveoutofit.

(3)Thescopeofthepr()jectmustbewide

enoughtoencompasstheentirecom-

puterindustrywithallitsramifications,

which,bythe1990s,willhopefully

emergeasthemainstayofallindustrial

activities

Inviewofthenaturallimitationstohuman

andmaterialresources,thepr()jectwillbe

contentwitharelativelymodestbutclearly

describedtargetduringtheinitialstage'of

researchanddevelopment .This,however,

willbeintendedasameanstoaidthepro-

gressoftheprojectwhichwillbeimplement-

edwithaviewtobearinguponthecomputers

andtheindustryasawhole.Thus,itwillbe

㎞kedwith,say,thestudieSunderwayon

high-speednumericalcomputationsystems

forscientificandtechnicaljobsrelatingto

large-scaleindustrialresearch(1arge-scale

prqjects)orcurrentresearchtoservethe

techniquesonwhichthenextgenerationof

industrieswillbeestablished.Inshort ,a
・wholesomedevelopmentwillbeaimedat

.

(4)Thepr()jectmustbeaninternationally
orientedone

Asmentionedearlier,thispr()jectisex.

pectedtoplayapioneeringrole.Thisimplies

thattheprojectwillhaveaveryimportant

influencenotonlyonJapan'sowndomestic

industriesbutonothercountriesaswell .

Ifsuccessfu1,thecreativeaspectsofthe

pr()jectwillmakeanimportantcontribution

totheintemationalcommunitybesides,asit

・ishoped
,elevatingJapan'spositioninthe

world.AstheSesuggest,thepr()jectmust

beorientedinaninternationalperspective.

Aprqlectsodistinctiveinnaturecannotbe

carriedthroughwithouttakingthefollowing

intoconsideration:

(1)Ithasalreadybeennotedthatoneof

themostirnportanttopicsfortheresearch

activitiesrelatedtothisprojectwillbeto・set

uptherighttargetfbrit.Thetargetmust6e

anambitiousoneinordertostimulateorigi-

nalityinresearch.Atthesametime,however,

caremustbetakennottooverdothingsby

losingsightofthequestionofeconomic

feasibility.Thus,thetargetmustbefinalized

bystrikingabalancebetweendemandand

econom1CS.

(2)Evenifitisatthecostofahv㎞gto

crossnumeroushardles,consideringthelong-

termimplecationsoftheproject,atargetmay

besetupifitisconsideredindispensablefor

thefuture.However,toleadtheproject

alongasoundcourse,itwillbenecessaryto

proceedtothistargetinbitsbyachieving

morerealisticinterimtargetsestabhshed

securelyoneconomicanddemandconsidera-

tions。Theinterimtargetssosetupwill

includebothconservativeandambitiousones ヲ
thoughtbeinggiventothepossibilityof

achievingtheminparalleLInparticular,

duringtheinitialstageoftheproject,attemps

maybemadetocarryoutparallelresearchon

sometopicsnottoofarremovedfromthe

basicones.Ontheotherhand,subjectsof

researchshouldbereorganizedorintegrated

onthebasisofstrictyearlyevaluation .

(3)Proceduralaspectsofresearchandthe
resultsthereofmustbeconsideredapartwhen
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evaluatingthem.Itmustbeunderstoodthat

earlydetectiohofstepsleadingtoanegative

resultisnoless㎞portantthanasuccessfUl

end.Furthermore,evaluationemphasizing

onoriginahtyisapttoleadtocreativeresults

capableofinitiatingfurtherdevelopments.

(4)Thethinkingbehhldtheprojectmust

notloseitsconsistencydu血gthelongPeriod

ofexecution.Toassurethis,boththebasic

projecttargetsandtheideasunderlyingit

mustbede血eatedinclearterms.Inaddition,

strictguidingprinciplesmustmaintainedall

throughoutastheprojectiscarriedthrough.

(5)Successofaprojectofthisnature

dependsmuchontheabilityoftheresearch-

ers.ThemorearesearchreflectsoriginaHty,

thegreateristheHkehhoodofitshaving

dependedsubstantiallyontheresearcher's

ownmerits.Thus,itisimportanttoapPoint

theresearchesfromallwalksoflife,beit

govemmentoffices,industries,ortheacade-

micworld.

(6)Besidesmaintainingrigidguiding

principlesthroughouttheproject,ophlionof

theindividualsinvolvedintheprojectwillbe

honored,andattemptswillbemadeto

embodysuchopinioninplanning.Inaddi-

tion,consensusoftheresearchersparticipat－

㎞gintheprojectwillbeobtained口leach

step,respectingtheirindividualityandcreat-

inganatmospherewheretheycanexercise

theiroriginality.Thesestepsareconsidered

importantforsmooth .runningoftheproject.

Afeedbacksystemmustbeestablished,

creatingarouteforexchangeofviews

throughbothtopイ10wnandbottom-upap-

proaches.Theguiding.principlesonwhich

theexecutionoftheprojectwillrestmust

conformtotheconditionsprevailinginJapan.

(7)Thefifthgenerationcomputerstobe

developedduringthispr()jectwillultimately

formthecorecomputersinthe1990s.This

willnecessitateatransitionfromthemachines

oftheprecedinggenerations.Allcaremust

betakentomakethistransitionsmoothand

natural.

4.6.2Des廿ableResearchandExecutionPr血1-

cipies

Furthertothebasicp血cipleslaiddown

earHer,aUresearchanddevelopmentactivities

inthisprqjectshould,asfaraspossible,adQpt

thefoUowingnorms:

(1)Cohsistentguid口lgPrhlciples

Thisisaprqjectthatventuresl血tountrod-

dengrounds.Italsoisaprojectthatwilltake

alongtimetoexecute.Accord血gly,itmust

bebasedonconsistentideaswithclearly

delineatedpoliciesandtargets.

Thebasicideasunderlyj血gtheproject

representthepohltwhenceaUtheplanning

foritsexecutionw姐start.Theseideas

shouldbesetforthclearly廿1writingandno

changemustbemadetothemunlessone

clearlydetectsanerror.Thismeasurewi皿

proveeffectivenotonlyifaprojectleaderis

replaced,but'avoidpossibledeviationsfrom

theoriginalstandast㎞epagsesevenwhere

theactivitiesareledbyoneandthesame

person.

(2)Settinguptargets

Itisdifficultto .setuparigidtargetfbr

long-temresearch.Ontheotherhand,asfar

aspossible,thefinaltargetshouldbe口1fUU

viewthrgughouttheprqlectafterithasbeen

fixedthroughastrictselectiveprocess.In

addition,inter㎞,short-termtargetsmustbe

setupclearlyonconcretegrounds,sothat

theymaybereferredtoasthecriteriato

evaluatethepr()jectby.Thefinaltargetmust

befixedbyembodyinginitthelatest

developmentsintherelatedfieldsandamend-

ingit,ifnecessary,du血gtheintermediate

stages.AsystematicapProachisnecessary

forthis,takingcognizanceofthechanges

aroundandthemaintainingup-to-dateinfbr-

mationonthelatesttechnologicaldevelop-

mentsabroad.

Onprinciple,researchwillbescheduledby

settingupandevaluat口1gtargetsatthreeto

fouryears'interva1.
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(3)Pr()jectsystematization
Thisprojectcoversanextensiveareaas

reflectedbythediverseness'andnumberof

topicstakenupforrelatedresearchasweUas

bythelongPeriod

basicresearchstage

mentaCtiVitieS.

thエough,therefore,

relationoftheind'

thatinterceptsitsnear-

andtheactualdevelop－

Inordertocarrytheproject

onemustelucidatethe

lvidualresearchtopicsor

developmentstothe'projectasawhole .Posi-

tiveeffbrtsmustbemadetomodularizethe

approachandpresenttheentiresystemclear-

lytotheview.

Du血gtheinitialstageanumberofalter-

nativetechniquesmustbestudiedinparalle1
,

selectingsomeandrejectingtheothers

through-aprocessofstrictevaluationas

progressismadetowardsthenextstage.Each

ofthesemustbeclearlyrelatedtothe

developments,thesystembeingcapableof

applyingtheresultsattainedinaparticular

stageduringthecourseo .fthesucceeding

stage. .

(4)Humanresources

Du血gitslongexecutionpe亘odthepro-

jectmustprovideopportunitiesfbreffective

participationofresearchersaroundthe

country.Duringtheinitialstagescooperation

oftheuniversityresearchersshouldbesought .

Forthisanetworkmustbeestablishedto

connecttheresearchersaroundthecountry
,

equipPillgitwithhigh-pe㎡ormancepersonal

computers.

Anorganizationalmechanismmustbeset

upatthecentertoestablishJ. 、mutualcontact

betweentheparticipatingresearcherssothat

theycooperatewitheachother.Thiswill

necessitateapPointmentofreallycompetent

persons・Forexample,onlypersonswith

ab血tytoleadmustbeselectedaspr()ject

leaders,playingapivotalroleinassuring:

uninterruptedprogressoftheprqlectalong

theguidelineslaiddown.

(5)Roleoforganizationalnucleus

Toavoidintemlptionstomanagementand

controlastheprojectiscarriedthrough
,the

necleusofprqlectorganizationshouldbe

constitutedbyan㎞partialbodythatwill

representthegovemment,induStries,andthe

academiccirclesahl(e,withoutbiastoanyof

these.Apartfromdrawingupplansand

sUpervisingtheprqlect,thisnucleuswillbe

responsiblefbrfUndamentaltechnicalre-

searchandilvestigationsneededfbrproject

execution.ItwillpUottheprojectandwill

evaluqteandselectthetechniquestobe

apphed.Inaddition,itwilllaydownaccurate

specificationsfbrresearchoneachhldividual

topicafterthoroughinvestigationandanalysis.

ItwUIentrustactualexecutionofresearchto

themakers,1aboratories,anduniversities ,

butw皿,atthesamet㎞e,undertaketosuper-

viseandevaluatetheprogressofsuchresearch

andevenofferadviceasoneofitsessential

functions.

Someoftheactivitiesexpectedofthe

organizationalnucleusw皿includethe

managementofcomponentsshareddu血gthe

progressofthepr()ject,suchasthedifferent

databases,theCADsystem,orthehard-and

soft-waretoolsthatwilleventuallyopenfresh

avenuesforfurtheradvancement.Atthe

sametime,itwillofferservicesintherelated

fields,andmakeitpossiblefortheresearchers

inthedifferentfieldstoexchangetheirviews .

Ifrequired,theorganiZationalnucleuswill

includenotonlyacontrolcenter,butcenters

for,say,studiesandinvestigationsandser-

vicesasweU.

Besidesthestaffmembersappointedex-

clusivelyfbrit,thenucleusshouldhlclude

personsonloanfromthegovemment,indust-

ria1,andacademiccircles.Thisisexpected

tostrengthenthebondbetweenthedifferent

circlesandensuresmoothrunningofthe

pr()jectasawhole.Thegroupcentraltothe

projectmaycompriseasmallnumberof

persons,buttheyshouldremainwiththe

projectalongitsentirecourse.
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(6)Internationalcooperation

Basically,intemationalcooperationimplies

mutualeffortbythedifferentcountriesof

theworldtopromotefurtheradvancements

in㎞fornlationcollectingandprocessingtech-

niques.Tothisend,tliepr()jectwm,among

others,encourageactiveparticipationin

intemationalconferences,makepositve

endeavourstoattainstandardizationand

sponsorperiodicsymposiums.

Emphasismustbeplacedontheimport-

anceofPRactivitiestoavertmisconceptions

aboutthisprojectincountriesabroadand,

instead,to.stimulateenthusiasminthediffer-'

entcountriesqboutitsprogress.

Foranumberofreasonsitisdifficultto

makethisanintemationalpr()ject.Instead,it

isdesirabletoexecuteitasa・nationalproject

withJapanhav口1gthelibertytodecideits

course.Itmustbenoted,however,thatthe

projectincludesresearchonmechanicaltrans-

1ation,mechanicalinterpretationetc.which

mustbecarriedouthandinhandwiththe

othercountries.Inthesefields,therefore,it

willbefbundexpedienttolinktheprojects

withs㎞ 皿arprojectsabroadorarrangefor

joロltstudieswhereboththeprojectresearch-

ersandresearchersfbreignenterpriseswill

participateaHke.

Specificpoliciesmustadoptedtoallow.a

constantflowofresearcherstodifferent

count亘es,forthiswillpavethe .wayfor

participationbyoutstandingresearchersfrom

theothercountriesduringtheextended

periodsofresearchorganizedunderthis

project.Thiswillnotonlyorienttheprqlect

inaninterlationalperspective,butwillbe

effectiveinsettingupaprogressiveand

creativeresearchatmosphere.Theresearchers

mustinvitednotonlyfromtheadvanced

countriesbutfromallcountries.oftheworld

ahke,emphasisbeingplacedontalent.

Onewaytoencouragefbreignresearchers

to.participateinthisprojectistoentrust

researchinstitutionsabroadwithstudieson

researchsubjectsthemselves.Befbresucha

stepistaken,however,theresultsitmaybe

expectedtoyieldmustbeconsideredcarefu1-

ly.

占

,

一89一





『

‖

{

」

ー

ベ

・



原 聡(酷 ㈱

E-74

o


